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As the ageing process develops, gradual and subtle changes take place in the structure and functions of dif-
ferent systems, including the skin. The skin ages along with the whole organism and it is impossible to restrain 
this process only in the skin, without affecting the whole body. There are a lot of instrumental methods of studying 
age-related changes in skin elasticity and resilience. Hard work is being done on creating this type of devices based 
on data concerning mechanical, optical, acoustical and electrical parameters of skin obtained with non-invasive 
methods. However, these methods do not provide quantitative assessment and do not examine biochemical changes 
developing in tissues. It is attributed to the fact that the issue of interaction between the device and the skin has been 
little explored, besides, the skin – the research object – consists of several layers (the upper layer – epidermis, the 
main layer – derma, and subcutaneous fat) having their own specific characteristics which determines heterogeneity 
of its properties. It all makes difficult to interprete the results in exploring the characteristics of the skin. So, the aim 
of this work is to find the most adequate indices of skin ageing markers excluding the use of biopsy and confirmation 
with instrumental methods.
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Ageing is a universal and natural process 
which is characterized by graduality, irregu-
larity, and steady progress, and it inevitably 
affects all the levels of a biological organiza-
tion to a certain extent. The development of 
skin ageing processes leading to disorders in 
metabolic processes in derma and subcutane-
ous fat is contributed by many factors, such 
as life style, nutrition, associated diseases, en-
vironmental factors, etc. As a result of ageing 
process, significant changes in skin cells (as 
well as in the cells of the whole organism) take 
place: mitotic activity of skin cells goes down, 
synthesis processes degrade gradually, modi-
fied proteins are accumulated, and so on. This 
all causes an impact on a person’s skin and ap-
pearance which plays an important role in the 
process of elder people’s social adaptation. It is 
remarkably difficult to slow down natural pro-
cesses of ageing. It is accounted to the fact that 
skin ageing is directly linked to ageing of the 
whole body.

Lately, along with integral biological age 
which reflects the degree of age-related chang-
es in biological capabilities of the organism at 
each stage of the ontogenesis and determines 
the life expectancy or death probability in a 
certain period, it has also been proposed to 
determine the biological age of systems, or-
gans, and cells. In this connection, the term 
‘biomarker of ageing’ is used and defined as 
a complex of parameters reflecting the func-
tional ability of a tissue, an organ or a cell in 
the absence of a disease. And it is evident that 
biomarkers of ageing should carry information 
about the functional condition of an organ or 
a tissue and metabolic processes taking place 
in them, it should reflect fundamental biologi-
cal processes, and correlate with physiological 

age. To sum up the information on the pro-
posed criteria for selecting biomarkers of age-
ing, a list of main requirements for them can 
be formed:

1. age-related changes of a marker should de-
velop at a speed reflecting the ageing pace [4, 9];

2. the marker should correlate with physi-
ological age [4, 9];

3. the marker should carry information 
about the functional condition of an organism, 
metabolic processes system and about regula-
tory specifics [4];

4. the marker should reflect fundamental 
biological processes [9, 13];

5. the marker should predict the life expec-
tancy or serve as a retrospective ageing param-
eter [9];

6. the marker should reflect changes taking 
place in a relatively short period of time [9, 13];

7. the marker should be able to forecast the 
parameter for an elder age [13]. 

It is evident that it is rather difficult to 
choose an index that would meet all the re-
quirements [1, 17]. Nevertheless, the task of 
searching and defining the complex of parame-
ters that can be used as biomarkers of an organ-
ism’s ageing, systems or cells remains urgent.

Defining different markers of ageing is a 
pressing problem of gerontology and dermatol-
ogy. It is connected with the fact that the skin, 
exposed to external influences, the most im-
portant of which is ultraviolet radiation, often 
undergoes regressive changes at a younger age 
in comparison with other organs, and timely 
application of effective prophylaxis measures 
can prevent development of early and acceler-
ated involutive changes. The index most of-
ten used in dermatology as a morphological 
marker of skin ageing is the content of collagen  
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and elastic fibers in derma as it is believed to 
integrally reflect a complex of changes in the 
main elements of derma, in particular, changes 
in fibroblasts’ synthesis of matrix proteins and 
in the activity of the enzymes, participating 
in their polymerization and degradation; this 
index is also believed to reflect the morpho-
functional condition of derma. However, a 
considerable drawback of this biomarker is its 
inability to reflect the state of epidermis. In this 
connection, a more perspective solution should 
work out a wider complex of morpho-function-
al skin parameters which will take account not 
only of the content of collagen and elastic fib-
ers in derma, but the state of epidermis as well. 
It has been found that the main fundamental 
processes that determine stability of structur-
al and functional organization of a tissue and 
skin are cellular differentiation, cell renewal 
and cell death. Coordination of biosynthesis, 
metabolism processes and reproduction of 
genetic information in different cell popula-
tions of epidermis and derma is carried out 
by cells (presented in skin) of traditional 
regulatory systems – nervous, immune, and 
endocrine – which form a local neuro-im-
mune-endocrine system of skin. It is known 
that the skin in different body parts ages at 
a different speed which is determined by its 
exposure to external influences. On this ba-
sis, two types of skin ageing are identified: 
natural or chronologic ageing which includes 
displays of normal maturity, typical for all 
people, and photoageing which includes a 
complex of changes caused by UV.

Mechanical properties of skin are deter-
mined to a great extent by its structure which 
is a complex system of three-dimensional 
interweaving of collagen fibers in protein-
polysaccharide matrix [10]. In old age, the 
most pronounced changes are the ones in 
skin connective tissue structures which show 
themselves in flattening of papillae situated 
in thinned reticular layer, basophilic degen-
eration of collagen with fibers breaking and 
turning into amorphous lumps and granules. 
In subepidermal layer, elastic fibers disappear, 
collagen fibers disperse to basal substance, the 
contact line between derma and epidermis gets 
smoother. Derma atrophies with age, besides, 
dystrophic changes take place in fibrous struc-
tures, the number of cellular elements such as 
fibroblasts, labrocytes, and blood vessels goes 
down, and capillary loops shorten. As collagen 
ages, its structure acquires additional intra- and 
intermolecular links containing chromophores 
which results in an increase in the structural 
stability of collagen, a change in color charac-

teristics of this protein, a rise in absorption and 
fluorescence [5]. As an organism ages, extra-
cellular matrix proteins undergo considerable 
modification which decreases the content of I, 
II, VII type collagen in derma. With age, unlike 
non-fibrillar proteins, the structure of collagen 
changes to become more firm and resistant to 
proteinases [20].

The quantity of fibroblasts in derma pro-
gressively falls with age. Age-related decrease 
in the number of these cells in derma is, prob-
ably, the most important factor for signs of 
skin ageing appearing. Fibroblasts produce all 
the components of the intercellular substance 
including collagen and elastic fibers and the 
amorphous component [15]. Most probably, 
it is a decrease in the quantity of fibroblasts 
that causes disorders in the renewal process of 
the derma intercellular substance. It is a well-
known fact that appearance of skin ageing 
signs is connected with changes in the state of 
intercellular substance.

An important role in regulating of an or-
ganism’s homeostasis is played by the hormone 
melatonin, also known as N-acetyl-5-methox-
ytryptamine, serotonin derivative (in its turn, 
serotonin is an L-tryptophan derivative). 

It is known that epidermis cells are char-
acterized by expression of melatonin compo-
nents and serotonin biosynthesis system. Re-
search of the affects caused by these biogenic 
amines on skin cells has revealed its consider-
able variability depending on the type of cells 
and conditions of their cultivation. For exam-
ple, melatonin inhibits apoptosis of HaCaT ke-
ratinocytes cultivated without serum and their 
proliferation in environment supplemented 
with serum. Besides, it stimulates growth of 
melanocytes in environment poor in growth 
factors and, on the contrary, suppresses their 
growth in the presence of these factors.

To add, in vivo the variability of affects 
caused by melatonin can be explained by fluc-
tuations in sensitivity of receptors to external 
influences. It can be regulated by melatonin it-
self as well as by other regulatory peptides, for 
example, estrogens. Besides, sensitivity and 
distribution density of melatonin receptors in 
human skin changes during the day; it depends 
on lighting environment and is not connected 
with the content of this hormone in blood. 

Exogenous serotonin in physiological con-
centration stimulates proliferative activity of 
quiescent cells of L929 and L-41 lines and 
does not exert significant influence on prolif-
erating cells.

During the process of skin ageing, the in-
dex of melatonin and serotonin expression in 
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epidermis and derma cells remains stable till 
an age of 50-55. A decrease in the expression 
of these biogenic amines is caused by reduc-
tion in the number of melatonin and serotonin 
producing cells. The PCNA (Proliferating Cell 
Nuclear Antigen) protein is polyfunctional and 
it is a part of DNA polymerase δ which is nec-
essary for DNA synthesis and repair. This pro-
tein is found in cells which are in G1, S, G2, 
and M phases of the cell cycle [19]. Expression 
of PCNA is seen in the lower part of epidermis, 
mainly in the basal layer. Skin ageing was as-
sociated with both relative (index) and abso-
lute number of PCNA immunopositive cells. 
That is why age-related changes in quantitative 
indicators of their expression can reflect age-
associated changes in DNA-repair system and 
proliferative activity of cells. Consequently, 
PCNA may be regarded as a marker of prolif-
erating cells and cells that are in active phases 
of cell cycle, and not in G0-phase [19]. That 
is why age-related decrease in the number of 
fibroblasts in derma is partly explained by a de-
crease in the number of cells in the cell cycle. 
Besides, age-related changes were also found in 
the expression of other markers of the cell cy-
cle (Ki-67, p53, p21) in derma fibroblasts [12]. 
Age-related decrease in the number of fibro-
blasts in derma can also be caused by a slower 
renewal speed of this cell population or by less 
active formation of new fibroblasts from their 
poorly differentiated predecessors [18]. Age-
related reduction in the number of stem cells 
in skin is illustrative in this regard [11]. In ad-
dition, a fall in derma fibroblasts in the course 
of ageing process may result from activation of 
apoptosis [14, 16]. The found close connection 
between PCNA and Ki67 indices reflecting the 
content of antigen positive epidermis cells can 
serve as evidence of the fact that in covered 
skin areas the expression of PCNA is typical, 
first of all, for proliferating cells.

The results of serial sections’ analyzing 
which were colored by PCNA, Ki67 and p53 
antibodies, support this assumption as well [6]. 
It has been found that the distribution densi-
ty and localization of cells expressing PCNA 
coincide more frequently, though not always, 
with those of Ki67 antigenically responsive 
cells. Ki67 is referred to cancer tumor antigen. 
Expression of Ki67 allows marking out cells 
that are in an active phase of the cell cycle all 
over (G1, S, G2, M-phases) [20]. Immuno-
coloring of keratinocyte nuclei by anti-Ki67 
antibodies was seen in the basal layer, and 
more rarely in the lower parts of the spinous 
layer of epidermis. Analysis of dependence 
between morphometric indices of Ki67 expres-

sion and the patients’ age revealed a decrease 
in the quantity of immunopositive cells per 1 
mm and a decline in Ki67 index which shows 
that proliferative activity of epidermis cells de-
creases as a body ages. Statistically significant 
changes in these two indicators were seen even 
in cases of patients aged 49-55, and over 60 
the absolute and relative (Ki67 index) number 
of dividing cells fell almost twice [6]. Decline 
in proliferative activity of basal layer cells was 
associated with epidermis thinning and a de-
crease in the number of cell rows in it.

Thanks to its high biocompatibility and 
biological activity, absence of antigenicity, 
hyaluronic acid (HA) has been used in differ-
ent medical spheres for many years [2]. HA 
accelerates epithelization, stimulates micro-
circulation, migration and proliferation of fi-
broblasts, plays a certain role in transporting 
a list of cytokines and growth factors, reduces 
endogenous intoxication by blocking lipid per-
oxidation, activating bactericidal factors, and 
increasing sensitivity to antibacterial substanc-
es [3]. As a polyanion, HA is able to bind and 
hold water molecules with the use of hydrogen 
bonds. This ability does not change event if wa-
ter concentration in the environment decreases. 
Negative charges formed due to dissociation of 
its carboxylic groups begin to attract cations, 
in particular, osmotically active sodium ions, 
which leads to an increase in intradermal pres-
sure providing turgor of skin [7].

HA content in the skin is maintained 
through autoregulation mechanisms on the 
feedback principle. Increased HA content HA 
in the skin, intensifies dissociation or supply 
from outside promote production of catabolite 
enzymes leading to step-by-step transforma-
tion, decrease in the length of the initial chain 
and formation of fragments with their own 
biological activity. Biological characteristics 
of HA are, first of all, connected with its size 
(molecular mass). Probably, fragmentation of 
HA resulting from enzymatic degradation or 
free radical oxidation is another mechanism of 
homeostasis regulation that optimizes migra-
tion and proliferation of cells depending on 
changes in environmental conditions [8]. For 
example, an increment in the activity of hya-
luronidases is one of the factors stimulating an 
increase in the activity of fibroblasts participat-
ing in synthesis of new HA molecules which 
is used in aesthetic medicine in the biorevi-
talization techniques and results in recovering 
the changed homeostasis and reconstruction of 
quality intracellular matrix.

Speaking about chronological ageing and 
photoageing of skin, there is a close connection  
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between expression of melatonin, Ki67 anti-
gen, and p53 protein in the skin. As the se-
cretion of melatonin having cytostatic and 
antioxidant effects goes down, p53 protein 
characterized by proapoptotic effects begins 
to accumulate in cells, which reflects a com-
plex of adaptive changes aimed at maintain-
ing the homeostasis of ageing skin. P53 pro-
tein is a transcriptional factor regulating the 
cell cycle acting as a suppressor of malignant 
tumors development. The gene of this protein 
is normally considered an antioncogene and 
is located on the short arm of chromosome 17 
(17p13.1). In epidermis of young patients (19-
27 years old) immunocoloring of keratinocyte 
nuclei by p53 antibodies was seen in the cells 
of the lower and middle sections. Moreover, 
the more keratinized the cells were, the less 
dense was distribution of immunopositive 
nuclei. Epidermis thinning associated with 
skin ageing was characterized by levelling the 
gradient of immunocoloring of their nuclei 
depending on the differentiation of keratino-
cytes and by a tendency for an increase in p53 
index. Apparently, an insignificant decrease 
in the absolute number of immunopositive 
keratinocyte nuclei is a consequence of epi-
dermis thinning and the age-related fall in the 
total number of cells in it.

Expression of p53 protein was also found 
in derma cells. The absolute number of immu-
nopositive cells and p53 index tended to grow 
as patients got older.

Conclusion
To sum up, age-related specifics of mor-

pho-functional state of ageing skin are most 
fully reflected by indices of PCNA and p53 
proteins expression – among all the studied pa-
rameters – which means that these can be used 
for assessing the biological age of skin. All the 
markers mentioned above are easily identified 
in immunohistochemical reactions, reflect fun-
damental processes and provide information 
about the functional state of skin. Their chang-
es intimately correlate with patients’ physi-
ological age, and have peculiar age-related dy-
namics properties as well.

References
1. Anisimov V.N. Molecular and physiological bases of 

ageing // SPb.: Nauka. – 2003. – 468 p.
2. Volkov V.G. Hyaluronic acid and main ways of its use in 

medicine // New Medical Technologies Herald. – 2001. – Vol.8, 
№1. – P. 67-71.

3. Ilina S.G. Antimicrobial activity of hyaluronic acid // 
Microbiology, Epidemiology and Immunobiology Journal. – 
2001. – №1. – P. 74-75.

4. Korkushko O.V., Khavinson V.H., Butenko G.M., Sha-
tilo V.B. Thymus and pineal gland peptides in premature ageing 
prevention // SPb. – 2002 – 202 p.

5. Rebrova G.A., Vasilevskiy B.K., Romakov Yu.A., So Sang-
ho, Rebrov L.B., Feoktistov S.M., Pankratova G.V. Ageing of colla-
gen in human skin with conservation and light exposure // Biomedi-
cal technologies. Russian Medicinal and Aromatic Plants Scientific 
Research Institute. – M., 1999. – № 11. – P. 103-113.

6. Smirnova I.O. Neuro-immune-endocrine markers of skin 
ageing: doctorate thesis on medicine / Smirnova Irina Olegovna; 
I.I. Mechnikov Saint Petersburg State Medical Academy – SPb., 
2004 – 275 p.

7. Tubinis E. Biorevitalization // Les Nouvelles Esthet-
iques – plus. – 2007. – P. 1–32.

8. Ernandes E. New cosmetology. – Vol. 2. – M., 2007. – 
P. 168-278.

9. Arking R. Biology of ageing: Observation and princi-
ples. Englewood Gliffs, N.J. Prentce Hall, Inc., 1991.

10. Arumugam V., Naresh M. D., Sanjeevi R. Effects of 
strain rate on the fracture behaviour of skin // J. Biosci. – 1994. – 
19. – № 3. – P. 307–313.

11. Gago N., Perez-Lopez V., Sanz-Jaka J. P. et al. Agede-
pendent depletion of human skin-derived progenitor cells // 
Stem Cells. 2009. Vol. 27. P. 1164–1172.

12. Goukassian D., Gad F., Yaar M. et al. Mechanisms and 
implications of the age-associated decrease in DNA repair ca-
pacity // FASEB J. 2000. Vol. 14. P. 1325–1334.

13. Ingram D.K., Nakamura E., Smucny D., et al. Strategy 
for identifying for biomarkers of ageing in long-living species // 
Exp. Gerontol. – 2001. – Vol.36. – P. 1025-1034.

14. Kim W.S., Park B.S., Park S.H. et al. Antiwrinkle effect 
of adipose-derived stem cell: activation of dermal fibroblast by 
secretory factors // J. Derm. Sci. 2009. Vol. 53. P. 96–102.

15. Lorenz K., Sicker M., Schmelzer E. et al. Multilineage 
differentiation potential of human dermal skin-derived fibro-
blasts // Exp. Derm. 2008. Vol. 17. P. 925–932.

16. Mammone T., Gan D., Foyouzi-Youssefi R. Apoptotic 
cell death increases with senescence in normal human dermal 
fibroblast cultures // Cell. Biol. Int. 2006. Vol. 30. P. 903–909.

17. McClean G.E. Biomarkers of age and ageing // Exp. 
Gerontol. – 1997. – Vol.32. – P.87-94.

18. Prives C., Gottifredi V. The p21 and PCNA partnership: a 
new twist for an old plot // Cell Cycle. 2008. Vol. 7. P. 3840–3846.

19. Robins S.P. Biochemistry and funcional significance 
of collagen cross – linking. – Biochem. Soc. Trans. – 2007. – 
Vol. 35, № 5 – P. 849-852.

20. Yerushalmi R., Woods R., Ravdin P.M. et al. Ki 67 in 
breast cancer: prognostic and predictive potencial // Lancet On-
cod. – 2010. – vol.11, № 2. – P.174-183.


