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Introduction: Skin aging is a natural process that cannot be stopped. However, there are 
many ways to help attenuate premature aging of the skin and reduce the signs that have 
already appeared. One of them is the subcutaneous administration of preparations containing 
a combination of hyaluronic acid, active amino acids, and peptides providing an anti-aging 
clinical effect. The purpose of this research is to study in vitro new signaling molecules with 
the anti-aging effects and influence of hyaluronic acid fillers on its expression.
Methods: The study was conducted using cell cultures of human facial skin: 1) mixed 
culture of human facial skin keratinocytes and fibroblasts, and 2) culture of human facial skin 
keratinocytes enriched with Merkel cells. Immunocytochemistry, confocal microscopy and 
Western blot were used to identify markers of aging.
Results: HA-Y and HA-S activated the expression of Klotho in the case of aging mixed 
culture of human skin keratinocytes and Merkel cells. The increase in expression of MTH-1 
with aging of cultures provides evidence of activating defense mechanisms against reactive 
oxygen species that are accumulating with aging, under the action of HA-S and HA-Y. There 
was a statistically valid increase in the area of expression of melatonin receptor 1A and 1B 
markers when adding both HA-S and HA-Y to cultured cells.
Conclusion: This investigation showed that the studied fillers have biological effects, 
testifying the stimulation of reparative processes in the skin under their control.
Keywords: skin aging, hyaluronic acid, active amino acids, collagen, reparative processes, 
klotho, clock, Merkel cells

Introduction
Numerous cosmetic products appear on the market every year, but only a few have 
been created on the basis of the latest achievements in science and technology, 
using knowledge in physiology and biochemistry of skin and complex intercellular 
interactions. The main components of today’s innovative cosmetics are plant 
extracts and ingredients obtained by using biotechnology and bioengineering meth-
ods, including peptides, peptide complexes, oligo- and polysaccharides, vitamins, 
enzymes, and antioxidants.1 The innovation of Novacutan® medical products con-
sists in the technology solution called HOPAAB (Hyaluronat Optically Pure Amino 
Acid Bond), a combination of hyaluronic acid, active amino acids, and peptides. 
HOPAAB is a complex of optically pure amino acids built into the network 
structure of hyaluronic acid, which activates the expression of signaling molecules 
leading to changes in metabolism, functions and development of damaged cells. 
Hyaluronic acid is a unique biopolymer having hydrophilic properties and moistur-
izing effects on the skin.
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Geriatricians anticipate life extension in Russia from 
current 73.5 years to 80.1 years by 2030. The loss of 
physical attractiveness often leads to a decrease in self- 
esteem and quality of life, especially at the age of 35–60 
years, and this group of people are most interested in 
improving their appearance.2 HA-Y and HA-S are admi-
nistered for different age groups: while HA-Y can be 
utilized for younger patients of 25+ years to fight against 
dark under-eye circles and improve skin hydration, HA-S, 
having a double concentration of amino acids, fights 
against wrinkles and provides a lifting effect, and can be 
used for patients of 35 to 65 years old.

Investigation of HA-Y and HA-S preparation effects on 
various environmental oxidative stress ageing markers 
(blue light, UVA/UVB, Urban Dust, and IR exposures) 
were conducted in an independent laboratory in Belgium 
(StratiCELL SA). The oxidative stress studies aiming to 
highlight possible protective effects through different chal-
lenging conditions in two models, ex-vivo human skin 
explants and in vitro monolayer cultures of normal 
human dermal fibroblasts (NHDF). The protective effects 
of the test products were evaluated against an increase in 
Cyclobutene Pyrimidine Dimers (CPDs) abundance within 
epidermal section of ex-vivo skin explants after UVA/ 
UVB radiation; effects of blue light on gene expression 
from NHDFs fibroblasts; effects of pollutants (Urban dust, 
UbD) on gene expression in NHDFs fibroblasts; and, an 
increase in Reactive Oxygen Species (ROS) production by 
NHDFs fibroblasts after infrared-A radiation. Some inter-
esting findings emerge during this investigation, for exam-
ple, beneficial effects against blue light induced oxidative 
stress of HA fillers; up-regulation of DNA damage-indu-
cible transcript 3 protein (DDIT-3) in the urban dust 
tests, etc.

The HA fillers contain active ingredients clinically 
effectiveness of which are well documented. For example, 
free amino acids contribute to the improvement of the skin 
water and protein balance, maintaining the skin’s elasti-
city. Peptides have a revitalizing effect on the damaged 
skin, while the introduction of moisturizing components 
produces the expected moisturizing effect and results in 
skin tightening and improving the complexion.3

Peptides provide a remarkable example of multifunc-
tional agents, which are widely used by the world’s lead-
ing manufacturers of cosmetics. Peptides not only 
effectively fight against age-related changes in the skin 
but also provide protection against damaging factors.4

The purpose of this research is to study the effects of 
one injectable HA-based products (packed in a syringe as 
a sterile ready-to-use solution) on the expression of signal-
ing molecules potential geroprotectors in facial skin cell 
cultures.

Materials and Methods
The study was conducted using cell cultures of human 
facial skin: 1 – mixed culture of human facial skin kera-
tinocytes and fibroblasts, and 2 – culture of human facial 
skin keratinocytes enriched with Merkel cells. The second 
model object was selected because of its unique subpopu-
lation. Merkel cells are neuroendocrine skin cells localized 
in the outer layers of hair follicles, in the epidermal spi-
nous and basal layers, and in mucous membranes. The 
endocrine functions of Merkel cells are associated with 
various growth factors and neuropeptides localized there. 
As Merkel cells contain bombesin, vasoactive intestinal 
polypeptides, nerve growth factors, and metenkephaline, 
they have a trophic effect on growing skin appendages and 
nerves.7

Cell cultures were extracted from adult skin samples 
obtained during circular face lift operations (women born 
in 1973, 1971, and 1967). The Ethics Committee of the 
Saint-Petersburg Institute of Bioregulation and 
Gerontology approved all aspects of the study design, 
and written consent was received from all participants. 
The study was conducted in accordance with the 
Declaration of Helsinki Ethical Principles. To evaluate 
the expression of age markers, the culturing was carried 
out to passage 2 (“young” cells) and passage 6 (“old” 
cells) for mixed culture of keratinocytes and fibroblasts, 
and to passage 1 and passage 3 for culture enriched with 
Merkel cells. These checkpoints were selected because of 
the difficulty of maintaining Merkel cells and keratino-
cytes in culture and their limited proliferation potential.

Hyaluronic Acid filler Y (HA-Y) (2.3% aqueous solu-
tion of 1.4 MDa non-cross-linked HA containing Arginine, 
Valine, Threonine, Phenylalanine, Glycine, Glutamic acid, 
Proline, and Methionine); and Hyaluronic Acid filler S 
(HA-S) (2.3% aqueous solution of 1.4 MDa non-cross- 
linked HA containing Arginine, Valine, Threonine, 
Phenylalanine, Glycine, Glutamic acid, Proline, and 
Methionine). The agent was administered starting from 
passage 1. In order to determine the optimal concentration 
for analysis of the HA filler, a preliminary dose-finding 
experiment was performed. According to cell viability 
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measurement 3% of HA filler were chosen from five con-
centrations. The agent was administered at each passage.

The study comprised 3 groups:
1 – control group (medium = hyaluronic acid); 2 – 

administration of HA-Y; 3 – administration of HA-S.

Immunocytochemical Analysis
The following primary monoclonal antibodies were used 
for an immunocytochemical investigation: type I collagen 
(1:150, Abcam), elastin (1:50, Abcam), AP-1 (1:200, 
Sigma), Klotho (1:250, Abcam), MTH-1 (1:1000, 
Abcam), melatonin receptor 1A (1:200, Abcam), melato-
nin receptor 1B (1:100, Abcam), clock (1:100, Abcam), 
cytokeratin 20 (1:150, Dako). The secondary antibodies 
conjugated with Alexa Fluor 488 and 647 (1:1000, 
Abcam) were used for immunofluorescent microscopy. 
Confocal microscopy was carried out using an Olympus 
FV 1000 microscope (Japan).

Since the investigation was concerned with unique 
dermal Merkel cells, to confirm the existence of a subpo-
pulation of these cells in the culture, we used a special 
marker cytokeratin-20. We applied the method of double 
labeling using antibodies to cytokeratin-20 (green fluores-
cence) and antibodies to Klotho (red fluorescence). The 
area of expression was calculated in relation to Merkel 
cells that were immunopositive to CK-20 cells.

Western Blot Analysis
All cells were lysed on ice with the subcellular protein 
Fractional Kit containing protease inhibitor cocktail 
(Thermo Fisher, USA). Protein lysates were separated by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE), and transferred to nitrocellulose membranes 
(Invitrogen, USA).

The membrane is blocked with commercial set 
iBindTM Solution Kit (Invitrogen, USA) and then incu-
bated with primary and secondary antibodies using the 
device iBind (Invitrogen, USA) for 2 hours. Antibodies 
were used in this study included rabbit anti-Klotho 
(1:1000, Abcam), rabbit anti-AP-1 (1:500, Sigma), rabbit 
anti-β-actin (1:5000, Abcam) and horseradish peroxidase – 
(HRP-) conjugated secondary antibody (anti-rabbit IgG; 
1:10000; Invitrogen). The intensity of each band was 
quantified by iBright Analysis Software (Invitrogen).

The statistical analysis of experimental data included 
the computation of the arithmetic average, standard devia-
tion, and confidence intervals for each sampling. The 

comparison of the groups was done using the Mann– 
Whitney U-criterion.

Results of in vitro Investigation of 
HA Based Filler Geroprotective 
Properties
The Results of the Investigation Carried 
Out on Human Skin Culture Enriched 
with Merkel Cells
With a longer time of cultivating, the form of cells labeled 
with CK-20 changed from rounded to more flattened and 
dendritic in 3–8 days. In 8 days after the start of cultivat-
ing, Merkel cells did not show any signs of nuclear dis-
organization peculiar to apoptosis.

The statistical processing of morphometric analysis 
data for the expression of Klotho marker in the control 
group (with administered hyaluronic acid) did not show 
any differences between passages 1 and 3. With the admin-
istration of HA-S at passage 1 the area of expression was 
5.28±0.74%, whereas at passage 3 it almost doubled to 
9.23±0.89%. A similar picture was observed in the group 
with administration of HA-Y, where the expression of 
Klotho with aging increased by 2 times. Thus, HA-Y and 
HA-S activated the expression of Klotho in the case of 
aging mixed culture of human skin keratinocytes and 
Merkel cells.

Another signaling molecule that prevents aging is mel-
atonin (MT). An important feature of melatonin is its 
ability to control cell division. MT inhibits cell mitosis 
by delaying the division metaphase.

We also studied the expression of melatonin receptors. 
There was a statistically valid increase in the area of 
expression of melatonin receptor 1A marker when adding 
both HA-S and HA-Y to cultured cells.

Below are microphotographs (Figure 1) showing the 
expression of melatonin receptor 1A marker. It should be 
noted that red fluorescence was observed not only in 
Merkel cells but in keratinocytes as well, although it was 
more expressed in Merkel cells, which had a trophic action 
on growing skin appendages and nerves.

The analysis of data regarding the relative area of 
expression of melatonin receptors 1B has shown that at 
passage 1 there were no statistically valid differences 
between the control group and the HA-Y/HA-S adminis-
tered group, whereas at passage 3 the relative expression 
area of the receptor MelR1B marker increased by 4% with 
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administration of HA-S and by 11% with administration of 
HA-Y.

The Results of the Investigation Carried 
Out on Mixed Culture of Human 
Fibroblasts and Keratinocytes
The next stage of investigation was testing of geroprotec-
tive properties of the new HA-Y and HA-S medications on 
a mixed culture of human fibroblasts and keratinocytes. 
The following immunohistochemical markers were 
selected for the investigation: Elastin, Klotho, MTH1, 
АР-1, clock (data in Table 1).

Antibodies to elastin were used to investigate the cell 
synthetic activity. Changes in elastic fibers are most char-
acteristic for photoaged skin.

In the normal condition (control group), with skin 
culture aging, there was observed a decrease in the expres-
sion of elastin by human skin fibroblasts. In the groups 
with administration of HA-Y and HA-S a similar picture 
was observed, yet the expression of the Elastin marker in 
“younger” cell cultures with HA-Y and HA-S exceeded the 
expression in control samples by 0.17 and 0.26 times, 
respectively. There was also a statistically valid increase 

in the area of Elastin expression for the samples of “older” 
cell cultures with HA-Y and HA-S by 0.14 and 0.19 times, 
respectively, as compared with control samples.

The action of HA-Y and S in the mixed culture of 
human skin fibroblasts and keratinocytes triggers the syn-
thetic activity of cells, which is evidenced by higher 
expression of elastin both at passage 3 and passage 6 
(Figure 2).

AP-1 or activator protein-1 is a transcription factor that 
regulates gene expression in response to various stimuli. 
Such stimuli include cytokines, growth factors, stress, and 
various bacterial and viral infections.16 This study demon-
strated a statistically valid increase in the average expres-
sion area of AP-1 in control samples of “older” cell 
cultures as compared to “younger” cell cultures; whereas 
in the experimental groups, with culture aging there was 
observed a decrease in the expression of AP-1 marker by 
0.2 times in case of HA-Y and by 0.24 times in case of 
HA-S, as compared with the control group.

There was also a statistically valid increase in the area 
of MTH-1 expression for the samples of “older” cell 
cultures with HA-Y and HA-S by 0.10 and 0.11 times, 
respectively, as compared with control samples. The 
higher expression of MTH-1 in “older” cultures provides 

Figure 1 Expression of melatonin receptor 1A in keratinocytes enriched with Merkel cell culture at passage 1 and 3; DAPI stained nuclei; expression of cytokeratin-20 – 
green fluorescence; expression of the protein under study – red fluorescence; magnification x40.
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evidence of activating defense mechanisms against reac-
tive oxygen species that are accumulating with aging, 
under the action of HA-Y and HA-S. This is what most 

studies on MTH-1 deal with. Yoshimura et al19 have 
demonstrated on human fibroblast culture that MTH-1 
can restore DNA damages caused by oxidation with 

Figure 2 Immunofluorescent analysis of Elastin marker expression in cell culture. Cell nuclei were counterstained with Hoechst. Magnification x40.

Table 1 The Influence of HA Fillers (HA-Y and HA-S) on the Area of Signaling Molecules Expression in Mixed Culture of 
Keratinocytes and Fibroblasts

Marker Group Area of Expression (%)

Passage 3 (Mean±SD) Passage 6 (Mean±SD)

AP-1 Control 15.54±1.18 21.86±1.82
HA-Y 16.02±1.45 16.94±1.32

HA-S 15.86±1.12 16.52±1.04

Klotho Control 1.12±0.16 1.36±0.09
HA-Y 1.34±0.08 5.05±0.37
HA-S 1.47±0.12 4.98±0.41

Clock Control 11.41±1.13 7.25±0.83
HA-Y 13.43±0.98 9.24±1.19

HA-S 15.28±1.21 10.78±1.07

Elastin Control 48.63±4.54 26.05±3.62
HA-Y 57.32±3.91 35.8±3.7
HA-S 55.39±4.65 39.51±3.58

MTH-1 Control 20.74±2.4 14.53±2.81
HA-Y 21.28±2.72 19.87±2.69

HA-S 22.06±2.92 19.43±2.66
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peroxide (H2O2). The analysis of the relative Klotho 
expression area in mixed culture of human fibroblast and 
keratinocytes has revealed a statistically valid increase in 
the average area of Klotho expression in “older” cell 
cultures with HA-Y and HA-S by 0.72 and 0.73 times, 
respectively, as compared with control samples. These 
results were confirmed with Western blot analysis. The 
protein expression had the same mode as shown in 
Figure 3. The higher expression of Klotho under the action 
of HA-Y and HA-S provides evidence of increased resis-
tance to oxidative stress, which is especially important for 
prophylaxis of aging and under UV exposure.

By conducting an immunocytochemical analysis, the 
CLOCK marker was visualized in fibroblast cytoplasm. 
There was a statistically valid decrease in relative 
CLOCK expression area in control samples in aging fibro-
blast cell culture, whereas in the case of adding HA-Y and 
HA-S to cell cultures, the difference between “younger” 
and “older” cultures leveled out. It was also found that in 
cultivating fibroblasts in the medium with HA-Y, there was 
an increase in the relative expression area at passage 6 by 
1.9 times as compared with the control group. HA-S had 
the following effect on fibroblast culture: its administra-
tion increased the CLOCK expression by 1.5 times at 
passage 3, and by 2 times at passage 6.

Discussion
According to the study entitled “Counterfeit products in 
aesthetic medicine: A view of the doctor and consumer” 
(2019, conducted with participation of Merz Russia and 

BrandMonitor), the trafficking of counterfeit goods is esti-
mated by experts to 200 million US dollars. Counterfeit 
products not only mean losses for manufacturers but can 
cause irreparable damage to health. Therefore, launching a 
new Russian injection revitalizer tested in leading labora-
tories in Belgium and Russia is of vital importance.6

The below listed characteristics of markers investigated 
in the present work include geroprotective effects, their 
influence on dermal homeostasis and alteration of their 
expression induced by HA-Y and HA-S preparations.

The administration of HA-fillers increases the expres-
sion of the Klotho protein in culture of Merkel cells and 
keratinocytes. Since this protein increases the resistance to 
oxidative stress and regulates the cell cycle, its higher 
expression is a favorable factor slowing down the aging 
process in cell culture. Klotho is a transmembrane protein; 
its overexpression increases the lifetime of cells. The 
absence of this protein in knockout mice causes their 
accelerated aging.8 Most works describing the functions 
of Klotho investigate the role of this protein in mechan-
isms of suppressing various age-related pathologies of the 
neural, vascular, and nephritic systems.9,10 Regarding its 
effect on aging of fibroblasts, in vitro experiments have 
demonstrated that in case of DNA damage Klotho contri-
butes to the retardation of cell aging in primary human 
fibroblast cells MRC-5 through the apoptotic pathway 
(p53/21-dependent).11 The loss of Klotho activity in pri-
mary fibroblast cells MRC-5 leads to the phenotype of 
premature aging, which depends on the p53 protein stimu-
lating the subsequent p-53-dependent CDK factor p21. 
This result points to the involvement of Klotho in inhibit-
ing the aging process through the р53/р21-sensitive path-
way. It follows from the above that the Klotho expression 
activation under the action of HA-Y and HA-S can protect 
cells from premature aging.

It has been demonstrated that HA-Y and HA-S have a 
positive effect on expression of receptors to melatonin of 
1A and 1B types in culture of Merkel cells and keratino-
cytes. HA-Y stimulated the expression of receptor to mel-
atonin 1B in aging culture much more than HA-S. 
Melatonin is a potent antioxidant. The direct antioxidant 
effect of melatonin is realized through inactivation of free 
radicals that are formed during cell activities.12 

Furthermore, by stimulating the synthesis of cell antiox-
idant enzymes, this hormone protects the nuclear DNA 
from free-radical oxidation.13

Several studies on laboratory animals have shown that 
melatonin has an antineoplastic, oncostatic action. In an 

Figure 3 Expression levels of AP-1 and klotho proteins in the mixed culture of 
human fibroblasts and keratinocytes in the HA-S and HA-Y treated group and the 
control (Con) group tested by Western blot.
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experiment, the activation of the pineal gland function or 
the exogenous administration of melatonin led to a lower 
tumor occurrence rate, while pinealectomy had a stimulat-
ing effect on tumor growth.14

Like all other hormones, melatonin produces its effect 
through special receptors of 2 types: melatonin receptors 
1A (MelR1A) and melatonin receptors 1B (MelR1B). 
MelR1A and MelR1B have been found and fully charac-
terized in the retina, suprachiasmatic nucleus, myome-
trium, placenta, granulosa and corpus luteum cells, 
immune cells, gastrointestinal tract, and skin.15

The action of HA-Y and HA-S in mixed culture of 
human skin cells triggers the synthetic activity of cells, 
which is evidenced by higher expression of elastin in both 
“younger” and “older” cultures with administration of 
these medications into the medium. Elastosis refers to 
degenerative changes in the dermal tissue with increased 
deposition of elastin material. An obvious sign of this is 
elastosis – ie appearance of assemblies of amorphous 
elastin material. Apart from sun rays, elastin fibers can 
be affected by changes in the functioning of neural, endo-
crine and immune systems, and in metabolism. Thus, 
female sex hormones (estrogens) contribute to maintaining 
skin firmness and elasticity, stimulating the synthesis by 
fibroblasts of collagen, elastin fibers, and hyaluronic acid. 
An abrupt decrease in the level of estrogens in females 
during menopause can result in skin dehydration and for-
mation of wrinkles. At the same time, with aging, there 
occurs an increase in the production of anti-inflammatory 
cytokines, which may cause inflammatory changes fol-
lowed by degradation of collagen, elastin, and other skin 
elements.

The AP-1 expression marker increased with aging, 
whereas under the influence of HA-Y and HA-S it 
decreased to the level of “younger” culture. AP-1 can 
regulate the expression and function of cell cycle regula-
tors, such as cyclin D1, cyclin A, cyclin E, p53, p21Cip1, 
p16Ink4a, and p19ARF, thereby playing an important role 
in cell proliferation processes.17

It has been found that AP-1 is involved in processes of 
decreasing the synthesis of collagen type I during photoa-
ging. It happens as follows: the sun’s UV radiation gen-
erates reactive oxygen species (ROS), which activate the 
growth factor and receptors of cytokines on skin fibro-
blasts. Activated receptors stimulate p38 and JNK; 
MAPK signaling cascade members and c-Fos and c-Jun 
then combine to form AP-1 which stimulates matrix metal-
loproteinase (MMP) transcription (MMP).18

The higher expression of MTH-1 in “older” cultures 
provides evidence of activating defense mechanisms 
against reactive oxygen species that are accumulating 
with aging, under the action of HA-S and HA-Y.

Currently, there are few studies that examine MTH-1 
as an aging marker. Since the function of this enzyme is 
hydrolysis of oxidated purines, it is directly involved in 
aging regulation via reactive oxygen species (ROS). This 
is what most studies on MTH-1 deal with. Yoshimura 
et al19 have demonstrated on human fibroblast culture 
that MTH-1 can restore DNA damages caused by oxida-
tion with peroxide (H2O2).

The Clock marker expression was higher in a mixed 
culture of fibroblasts and keratinocytes when adding HA- 
Y to the medium. This marker regulates cell metabolism, 
being a kind of “intracellular clock” that regulates the 
activities of the cell.5 Such an increase contributed to the 
life extension of both fibroblast cultures and the organism 
at large.

The expression of Clock and Per1 genes in human skin 
cells, such as keratinocytes, melanocytes, and dermal 
fibroblasts, confirm the presence of circadian rhythms 
therein.20 Circadian rhythms are adaptive mechanisms of 
live organisms, associated with the alternation of day and 
night, the main purpose of which is metabolism regulation. 
Studies have compared circadian rhythms in different 
types of skin cells and concluded that the skin is not 
only under the influence of the central suprachiasmatic 
nucleus clock but also possesses its own self-regulating 
circadian rhythms specific for each type of cells (keratino-
cytes, melanocytes, and fibroblasts).21

The CLOCK protein is involved in regulating the 
expression of ICAM-1, VCAM-1, and CCL-2 genes asso-
ciated with cell adhesion.22 The effect of CLOCK protein 
deficiency on aging has been studied in mice. The func-
tioning of circadian rhythm in the central clock did not 
stop, as the CLOCK transcription factor could be replaced 
with NPAS2, but such replacement is impossible in per-
ipheral parts.23 It should be emphasized that the skin is 
also a peripheral organ.

Conclusions
The obtained results indicate that treatment with hyaluro-
nic acid facial filler influences the expression of anti-aging 
markers and thus they have a dermatoprotective effect. 
Cell culture tests show activation of synthetic activity, 
increased antioxidant properties of skin cells, and 
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protection from premature aging of cells by the influence 
of HA fillers (Novacutan®).

Abbrevations
HA-Y, Novacutan® YBio; HA-S, Novacutan® SBio.

Disclosure
The authors report no conflicts of interest in this 
manuscript.
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