
ABSTRACT

With reaching biological maturity, the skin, like other organs, 
undergoes aging processes. They are mainly related to the re-
generative processes of cells being slowed down, as well as 
 their reduced biological activity. The above-mentioned mole-
cular mechanisms at the cellular level have a significant im-
pact on the phenotypic signs of skin aging. They cause typical 
morphological changes within each layer of the skin’s integu-
ment. The characteristic appearance of aging skin is a clinical 
manifestation of changes within it. 

The aim of the article is to present the molecular mecha-
nisms that occur during the skin aging process.

There is no doubt that the aging phenomenon should be 
considered as the interaction of many factors of various ety-
mology.
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STRESZCZENIE

Skóra wraz z  osiągnięciem dojrzałości biologicznej, podob-
nie jak inne narządy, ulega procesom starzenia. Wiąże się to 
przede wszystkim ze spowolnieniem procesów regeneracyj-
nych komórek oraz ich zmniejszoną aktywnością biologiczną.

Mechanizmy molekularne zachodzące na poziomie ko-
mórkowym mają istotny wpływ na fenotypowe oznaki sta-
rzenia skóry. Pociągają one za sobą typowe zmiany morfolo-
giczne w obrębie każdej z warstw powłoki skórnej. Charakte-
rystyczny wygląd skóry starzejącej się stanowi manifestację 
kliniczną przemian zachodzących w jej obrębie.

Celem artykułu było przybliżenie niektórych mechani-
zmów molekularnych, które zachodzą̨ podczas procesu sta-
rzenia się skóry. 

Dokładne mechanizmy molekularne leżące u podstaw sta-
rzenia organizmu nie są jednoznacznie określone, przez co 
funkcjonuje wiele teorii tłumaczących ten złożony i wielolet-
ni proces. Nie ulega wątpliwości, że zjawisko starzenia nale-
ży rozpatrywać jako wypadkową interakcji wielu czynników 
o zróżnicowanej etymologii. 

Słowa kluczowe: starzenie skóry, menopauza, wolne 
rodniki, antyoksydanty, fotostarzenie, promieniowanie 
ultrafioletowe, glikacja
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Processes in the human skin 
responsible for its aging
Procesy zachodzące w ludzkiej skórze  

odpowiadające za jej starzenie

INTRODUCTION
The aging of the organism is a  complex, complicated, and 
inevitably progressive process inherent in human physiolo-
gy. The consequences of aging are changes both at the cel-
lular and tissue levels, as well as aberrations affecting all or-

gans and their systems. In the course of physiological skin 
aging, a gradual reduction in the number of keratinocytes is 
observed at the level of the epidermis. The phenomenon of 
atrophy affects all layers of the epithelium except the dead 
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stratum corneum, where no changes in the number of cor-
neocytes are noted. The ubiquitous atrophy is also accompa-
nied by a reduction in the division activity of the cells of the 
reproductive layer. The population of Langerhans cells and 
melanocytes is reduced. The connective tissue of the der-
mis is also overwhelmed by atrophy, where its cellular com-
ponents and the components of the extracellular matrix are 
diminishing. The resting fibroblasts synthesize supporting 
collagen fibers and elastic fibers with less and less efficien-
cy. Apart from the decreasing number of newly formed pro-
tein fibers, the already existing ones are subject to degene-
ration. In the histological description of individual skin la-
yers presented above, the changes occur with age, mainly of 
a degenerative nature, except in areas of the skin exposed to 
ultraviolet UV radiation, in which the features of hyperplasia 
predominate. The accumulation of various types of dama-
ge translates into impaired functionality and biological acti-
vity of cells, as well as a reduction in their regenerative po-
tential, which gradually loses their ability to renew. The exact 
molecular mechanisms underlying the aging of the organism 
are not clearly defined, which is why there are many theories 
explaining this complicated and long-term process [1-4].

SKIN STRUCTURE
The skin is a group of several types of tissues closely related 
to each other and performing synchronized activities. Im-
portantly, the extent of the skin’s surface and its location ma-
kes it the largest and most externally located human organ. 
As part of the common shell, it separates the interior of the 
body from the environment, allowing it to maintain its home-
ostasis.

There are three main layers within the skin:
• epidermis,
• dermis,
• subcutaneous tissue [1, 5, 6].

Each of the layers is diverse, which is related to the different 
types of tissues that make them up. The epidermis is built up 
of epithelial tissue, dermis, and subcutaneous tissue - con-
nective tissues [1, 5].

The outermost, border layer of the skin is the epider-
mis, formed by the constantly renewing multilayer keratini-
zing planar epithelium. Keratinocytes lie directly in the basal 
membrane to which they are firmly bound by hemidesmo-
somes. The basal membrane is a cell-free structure, not di-
vided into specific layers, composed mainly of proteins and 
glycoproteins - mainly type III, IV, VII collagen, and laminins. 
In addition, melanocytes, Merkel cells, and sometimes Lan-
gerhans cells are present. The presence of melanocytes gua-
rantees the synthesis and storage of grains of the skin pig-
ment - melanin. One melanocyte is assumed to provide ma-
ture melanin grains to approximately 30-40 keratinocytes, 
thereby forming an epidermal melanin unit. Langerhans 
cells belong to the population of dendritic cells, the key cell 

structures of the immune system. Thus, they participate in 
immune mechanisms, being responsible for the presenta-
tion of antigens to T lymphocytes [1, 2, 7].

The direct contact of the epidermis with the external 
environment makes it the first and most important barrier 
isolating the sensitive interior of the body against the influ-
ence of environmental aggressors [1-6].

The dermis is made up of connective tissue, the main mass 
of which, unlike the epidermis, is the extracellular matrix 
(ECM). The structure of the dermal matrix is based on two 
components - textured fibers and an essence devoid of any 
specific form. The latter is a mixture of inorganic substances, 
such as water and mineral salts, and organic substances: pro-
teins, lipids, and carbohydrates. Among them, significant im-
portance for the properties of the dermis is attributed to non-
-collagenic proteins, like fibronectin, laminin, and glycosa-
minoglycans (GAG), such as hyaluronic acid, which exhibits 
strong hygroscopic properties [1, 6, 8, 9].

A characteristic cell of the dermis is the fibroblast and its 
mature form - fibrocyte, responsible for the synthesis and de-
gradation of collagen, elastin, and glycosaminoglycans [1, 2, 9].

There are three types of fibers: collagen, elastin, and mesh. 
They are primarily responsible for the mechanical proper-
ties of the skin, giving it the expected strength and elasticity. 
In terms of quantity, the majority of collagen fibers are 80% 
formed by type I collagen, they guarantee tissue resistance to 
damaging stimuli. In addition, together with glycosaminogly-
cans, they determine the degree of hydration of the dermis. It 
is worth mentioning that it is the connective tissue of the der-
mis that is one of the main water reservoirs for the entire body, 
it collects up to 20% of the water present in the body.

Turning to the properties of elastic fibers, they show the 
ability of stretching and then returning to their original 
length, which is the result of their irregular and non-paral-
lel distribution. The main component of the above fibers is 
elastin.

The mesh fibers are actually also collagen fibers, but defi-
nitely thinner and mainly made of type III collagen. As all ty-
pes of fibers collectively organize into a spatial network, they 
form a specific skin scaffold [1, 5, 6].

The basis of the subcutaneous tissue are adipocytes, ar-
ranged in larger clusters resembling lobules. Between the ac-
cumulated fat cells, there are partitions made of connective 
tissue, rich in nerves and blood vessels. At the same time, the 
hair follicles and secretory parts of the sweat glands penetra-
te the subcutaneous tissue [1, 2, 7].

In the histological description of individual skin layers pre-
sented above, changes occur due to endogenous and exoge-
nous factors [4, 11, 12].

SKIN AGING
In the literature, the skin aging process is divided according 
to its cause:
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• intrinsic aging induced by endogenous factors,
• exogenous aging induced by external factors.

Taking into account the above differentiation of the skin 
aging process, the following factors constitute its resultant, 
which together determine the complete image of mature 
skin [3, 10, 13].

Intrinsic aging - endogenous determinants of skin 
tissue aging
A reflection of the changes characteristic of the endogenous 
form of skin aging is the clinical picture of the skin not expo-
sed to the destructive influence of UV radiation [4]. When 
analyzing the mechanisms governing the process of intrin-
sic aging of the skin, the following factors are attributed to 
the greatest contribution to their development: genetic con-
ditions, the endogenous fraction of reactive oxygen species 
(ROS), and hormonal changes [5].

• Hayflick theory - telomere theory
As the most distal segments of chromosomes, telomeres 
shorten with each cell cycle. They consist of numerous re-
petitions of the characteristic sequence of deoxyribonucle-
ic acid (DNA), thus protecting genes against damage during 
copying.

The reduction of telomeres, and thus the loss of the stabi-
lity of the entire genome, is counteracted by telomerase - an 
enzyme of which expression decreases with age. The succes-
sive disappearance of telomerase, characterized by the abili-
ty to rebuild declining telomeres, contributes to disturbances 
in cell division while promoting the loss of vital information, 
which ultimately determines their death. Research highlights 
the role of omega-3 fatty acids in slowing down the process of 
telomere shortening. [7, 11, 12].

• Endogenous fraction of ROS
The primary source of endogenous reactive oxygen species 
are mitochondria - one of the most important organelles of 
all eukaryotic cells, including human skin. ROS generation is 
part of their physiology, strongly correlating with their func-
tion. As a result of the Krebs cycle occurring at the mitochon-
drial level, a portion of the energy is generated in the form of 
adenosine triphosphate (ATP) molecules, necessary for the 
proper functioning of cells [2, 13, 14].

In parallel to the oxidation of organic substrates, the reduc-
tion of molecular oxygen takes place, often incomplete to hi-
ghly reactive intermediates such as ROS. About 4% of oxygen 
is converted into free radicals [1, 13].

It is worth noting that under the conditions of homeosta-
sis, ROS play an important role as mediators and regulators 
of cellular processes, during signal transmission from cell to 
cell, inducing cell differentiation processes and apoptosis.

Undoubtedly, homeostasis between ROS and antioxi-
dants plays a  key role here. Prooxidative-antioxidant imba-

lance (oxidative stress), which increases with human biolo-
gical maturity, is associated with mitochondrial dysfunction. 
At the same time, the level of physiologically present antioxi-
dants in the body, such as superoxide dismutase, glutathione 
peroxidase, coenzyme Q10, or melatonin, is reduced [4, 11, 14].

Oxidative stress is associated with an increase in the amo-
unt of ROS, causing cell damage, including skin cells. Endo-
genous ROS, similarly to their extrinsic counterparts, inte-
ract with almost all components of skin cells, contributing to 
dysfunctional modification of cell membrane lipids, proteins, 
and cell DNA. The effects of these changes are discussed in 
the section on extrinsic aging [3, 7, 13].

• Menopausal aging - histological changes observed at the 
level of the epidermis, dermis, and subcutaneous tissue

The key influence on the functioning of the skin is exerted by 
sex steroid hormones - estrogens and androgens [1-4, 11, 14-16].

The consequence of menopause - a marked reduction in 
the amount of estrogen - intensifies the aging process of the 
skin. This is a  consequence of the presence of estrogen re-
ceptors in almost all skin cells, additionally in peak amounts 
on the particularly exposed skin of the face [4, 11, 16].

There are two types of estrogen receptors: ERα and ERβ, the 
number of which depends not only on the body area but also 
on sex and age [4, 14, 16, 17].

Menopause and the resulting significant reduction in es-
trogen levels include changes in the skin in each of its three 
layers: epidermis, dermis, and subcutaneous tissue [7, 11].

The decrease of β-type estrogens in the menopausal pe-
riod, and thus the lack of stimulation of estrogen-dependent 
receptors in the epidermis, increases the number of cytoki-
nes in cells, leading to disturbance of the epidermal cell pro-
liferation process [4, 7, 11, 16].

The limited possibility of proliferation, accompanied by 
disturbances in the process of keratinocyte differentiation, 
translates into a reduction in the regenerative potential of the 
epidermis and, at the same time, worse healing. At the same 
time, the thin epithelium is tantamount to lowering the re-
sistance of mature skin to external factors - mainly mecha-
nical stimuli [2, 7].

Studies conducted with the use of estrogens have proven 
their influence on the level of the dermis, and the stimula-
tion of fibroblasts for the synthesis of the components of the 
extracellular matrix. With a  reduced level of estrogens, the 
efficiency of the above process is reduced, which results in 
a decrease in the amount of hyaluronic acid responsible for 
water binding. Chronic dryness often triggers itching and 
a feeling of tightening, emphasizes wrinkles and, in addition, 
promotes hypersensitivity reactions [1-7, 16, 18, 19].

The declining number of newly formed collagen support fi-
bers and elastic elastin fibers also reflect the quenching ac-
tivity of fibroblasts. The above process contributes to the ac-
centuation of numerous fine lines and wrinkles, considered 
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to be the first signs of aging. It is worth noticing, however, that 
wrinkles caused by endogenous aging mechanisms are defi-
nitely shallower than those characterizing the skin exposed 
to exogenous factors [2, 11, 12, 20].

Estrogens also dilate blood vessels and affect angiogene-
sis. Due to the decreased level of estrogens, the nutrition and 
oxygenation of the tissues are reduced, thus making the skin 
pale [11, 16, 17].

Low estrogen levels during menopausal aging also con-
tribute to the loss of adipose tissue, mainly on the temples, 
browbones, and cheeks. The consequence of this action is the 
change of the face oval [4, 7, 16, 17].

Importantly, estrogens are formed in the reaction pathway 
during androgen aromatization.

Natural steroid hormone (DHEA, Dehydroepiandrostero-
ne), one of the adrenal androgens, also called the youth hor-
mone, is metabolized into testosterone, estradiol, and estro-
ne. Numerous studies have proven its beneficial effect on the 
condition of the skin, including the regulation of the work of 
sebaceous glands, hydration, elasticity, and elasticity [7, 18].

One of the most common problems in menopausal aging 
is skin lesions of uneven color, mainly on the skin of the face. 
These changes may occur at the level of the epidermis and 
the epidermal-cutaneous border during the abnormal gro-
uping of melanocytes, which then increase their activity [3, 
11, 14, 16].

The formation of hyperpigmentation is favored by fluctu-
ations in hormones, especially estrogens and progestero-
ne. The aforementioned hormones activate appropriate re-
ceptors located on melanocytes for the initiation of melanin 
synthesis. These discolorations are very often aggravated by 
ultraviolet radiation (UV) [1, 4, 14-18]. As demonstrated by the 
results of the research, niacinamide used at a concentration 
of 4% in the sunscreen preparation decreased the expression 
of DNA of methyltransferase 1 (DNMT1), the elevated level of 
which is observed in the case of melasma [21].

• Hormonal changes - growth hormone and melatonin
Growth hormone and melatonin are also worth mentioning 
when discussing hormone-dependent skin aging.

Growth hormone and insulin-like growth factor 1 (IGF-1) 
make up the somatopause process. As a result of this process, 
wound healing slows down, thermoregulation is impaired 
and connective tissue is more susceptible to glycation [7].

On the other hand, melatonin, which is most intensively 
secreted by the pineal gland with a decrease in light, and also 
during sleep, has a non-specific effect on the skin, acting as 
an antioxidant. The above aspect emphasizes the influence of 
the circadian rhythm on the biological processes taking pla-
ce in cells. Melatonin levels decrease with age [7, 14]. Based 
on research reports, it is concluded that melatonin is 5 times 
more powerful antioxidant than glutathione. In a study con-
ducted on an animal model, after the administration of me-

latonin, apart from the reduction of free radicals, a decrease 
in the expression of matrix metalloproteinases (MMP-1, Ma-
trix metalloproteinase-1) as well as an increased expression 
of collagen VII in keratinocytes was observed [22].

• Glycation
The term glycation is associated with a  multi-step process 
that occurs spontaneously without the involvement of enzy-
mes, determining the formation of Advanced Glycation End-  
-Product (AGE) products. It has a  destructive effect on the 
structure of the skin’s supporting proteins, especially colla-
gen. The cause of this unfavorable process is an over-supply of 
simple sugars, mainly glucose, galactose, and fructose [7, 23].

During the non-enzymatic glycation reaction, simple sugar 
molecules can bind to DNA, lipids, amino acids, peptides, and 
proteins causing their modification. The process takes place 
as a result of an overstated supply of simple sugars. Another 
no less important cause of elevated blood glucose is cortisol - 
the stress hormone [21, 24].

Glucose, galactose, and fructose molecules most often-
ly combine with proteins with a high number of free amine 
groups, such as lysine and arginine in their structure. There 
are three stages of the glycation reaction [25].

The fructose ketone group and the galactose or glucose 
aldehyde groups react with the amino group to form a Shiff 
base. If there is a  decrease in the concentration of one of 
the above-mentioned sugars, the reaction is thus reversed. 
Otherwise, during the organism’s increased exposure to su-
gar, we observe a  slow rearrangement reaction resulting in 
the formation of an Amadori product with an active carbo-
nyl group [22, 24].

This reaction is also reversible. However, if not inverted, it 
ultimately leads to the production of advanced irreversible 
glycation products. Then proteins, including collagen, under-
go a  series of Maillard reactions, i.e. oxidation, dehydration, 
fragmentation, and condensation with other amino groups. 
AGE products are brown, which is often manifested by yello-
wing of the skin [24, 26].

AGE products increase collagen cross-linking by creating 
cross-links. The formation of these bonds increases the stif-
fness of collagen fibers. The fibers become less susceptible 
to digestion by enzymes (proteases), as well as show redu-
ced solubility and denaturability. These physical and chemi-
cal changes in collagen contribute to the aging process of the 
skin. Due to the increase in the amount of collagen, which is 
insoluble in aqueous solutions, its ability to retain water in 
the skin decreases. The result is a decrease in skin firmness 
and hydration [1, 19, 23].

Additionally, increasing the stiffness of collagen fibers 
lowers their tensile strength, and the fibers become brit-
tle. In this way, their original support properties are abo-
lished, which contributes in particular to the loss of elastici-
ty observed in skin affected by aging [1-3, 6, 12]. In addition 
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to direct protein modifications, AGEs affect the function of 
whole cells through specific membrane receptors anchored 
on their surface. The binding of AGEs to receptors of advan-
ced glycation reaction products (RAGE, Receptor For Advan-
ced Glycation End Products) initiates cell signaling programs, 
including intracellular production of ROS and the activation 
of pro-inflammatory transcription factors, which triggers 
a cascade of reactions leading to the overexpression of genes 
encoding inflammation mediators [22- 25].

Extrinsic aging
Compared to other organs, the skin is more exposed to 
environmental factors, including solar radiation. In addition, 
air pollution, as well as tobacco smoke, are key exogeno-
us factors. Due to the length and complexity of the topic, the 
most important determinant of extrinsic aging - ultraviolet 
radiation [1-3, 21] was discussed.

Destructive changes occurring in the skin under the influ-
ence of UV radiation are called photoaging. Importantly, it is 
estimated that this radiation is responsible for 80% of dege-
nerative changes in the area of unprotected skin. The dege-
nerative effect of UV radiation is related to the initiation of 
mechanisms responsible for mutagenesis, immunosuppres-
sion, and excessive production of ROS [14, 16, 21].

A series of abnormalities observed at individual skin levels 
are generated by the UVA band (wavelength 320-400 nm) 
and the UVB band (wavelength 290-320 nm).

It is worth noting that the biological effects caused by ultra-
violet radiation are not noticeable only immediately after sun 
exposure. Some of them are distant and spread over time. UVA 
radiation, reaching the papillary and reticular layers of the der-
mis, destabilizes most of the cellular structures of the skin, as 
well as the intercellular matrix itself. On the other hand, UVB 
radiation covers the living layer of the epidermis, causing ery-
thema, sunburn, and indirect pigmentation [2, 7, 27].

Both UVA and UVB radiation induce the formation of ROS, 
which are involved, inter alia, in lipid peroxidation. The men-
tioned reaction of lipids with ROS leads to modification of the 
physical properties of the cell membrane and, consequently, 
to its denaturation. Lipids, which are a component of the in-
tercellular binder, are also oxidized, which contributes to the 
excessive escape of water from the epidermis, determining 
a decrease in its hydration. As a result, one of the representa-
tive clinical features of the senile skin phenotype is its chro-
nic dryness with concomitant severe exfoliation [10, 16, 21].

The danger of overproduction of ROS is mainly due to the-
ir ability to interact with DNA molecules. Consequently, in-
directly, UVA induces mutagenesis and tumorigenesis, simi-
lar to UVB. The link between carcinogenesis and photoaging 
determines the perception of any malignant changes as a re-
presentative symptom of mature skin. Considering the per-
meability of the UVA band, it is believed to play a major role in 
the pathomechanism of photoaging [16, 26, 28].

• Photoaging - histological changes observed at the level of 
the epidermis
The microscopic image of the exageed epidermis most re-

liably reflects the nature of the hypertrophic processes. Con-
trary to the physiological form of skin degeneration, it is cha-
racterized by a  distinct thickening, especially noticeable at 
the level of the stratum corneum [5, 21, 29, 30].

The dryness of the thickened epidermis, which is felt to-
gether with the roughness, is the result of a drastic decrease 
in the quality of the hydrolipid coat and a decrease in the mu-
cin content in the epithelium. Focusing on the transforma-
tion of skin appendages - the sebaceous glands are the most 
significant. Their clear hyperplasia is noted, with the accom-
panying permanent widening of their mouths, which gives 
the image of skin porosity [10, 26].

• Photoaging - histological changes observed at the level of 
the dermis

The interference of UVA rays destabilizes not only most of the 
dermal cell structures but also the intercellular matrix. Therefo-
re, the process of photo-induced degeneration reaches the skin 
scaffold - cross-linked polymers of collagen and elastin. Activa-
tor protein 1 (AP-1) and matrix metalloproteinases (MMPs) are 
the main mediators of the degenerative pathways of extracel-
lular matrix proteins, and in particular of type I and III procol-
lagen. Physiologically, AP-1 acts as a nuclear transcription fac-
tor for MMPs belonging to the family of proteolytic enzymes 
that degrade dermal matrix components. AP-1 expression is en-
hanced by cytokines released by oxidatively damaged skin cel-
ls, which in turn affects the increased activity of metalloprote-
inases. Apart from the fragmentation of the existing support fi-
bers by the mentioned MMPs, the process of neocolagenesis is 
disturbed in sun-damaged skin [21, 26, 29].

The role of vitamin C  (ascorbic acid) in collagen biosyn-
thesis, which is involved in the formation of collagen cross-
-links in the process of proline and lysine hydroxylation, sho-
uld be emphasized. At the same time, ascorbic acid, which 
has antioxidant properties, directly stimulates collagen syn-
thesis, activating its transcription and stabilizing procollagen 
mRNA. As evidenced by in vitro studies on fibroblasts, as well 
as numerous clinical trials with the use of cosmetic prepara-
tions with vitamin C, with a double-blind test [31].

• Photoaging - elastose
One of the most representative symptoms of photoaging 
skin (never identified in the obscured skin) is the synthesis 
of abnormal elastin, devoid of its original function. The clini-
cal manifestation of solar elastosis is changed like hyperpla-
sia in the form of lumps and nodules palpable under the skin. 
At particularly advanced stages, the famous symptom called 
“farmer’s neck” may appear, manifested by the presence of 
specific diamond-shaped patterns on the skin of the nape of 
the neck, chronically exposed to sunlight [7, 21, 28].
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The specificity of the morphological changes that arise is 
assumed to be the foundation for identifying the form of skin 
aging. The features of atrophy dominate in the histological 
picture of end staging. On the other hand, hypertrophic chan-
ges occurring predominantly remain reserved for the skin af-
fected by extrinsic aging [3, 11, 28].

Although the skin matured in the course of individual ty-
pes of aging is characterized by certain morphological diffe-
rences, eventually these changes overlap [2, 3].

SUMMARY
The skin aging process is impossible to stop, but the know-
ledge of the mechanisms taking place in the body allows for 
the early implementation of preventive measures and slo-
wing down the dynamics of this complex process.

The involvement of reactive oxygen species in the etiopa-
thogenesis of aging, both external and internal, justify sup-
plying the body with antioxidants neutralizing ROS. Also, 
a  diet focused on the elimination of sugars slows down the 
dynamics of AGEs accumulation, delaying the appearance of 
the first signs of aging.

In turn, leading an unhygienic lifestyle can also cause pre-
mature hormonal aging. It should also be emphasized the im-
portance of photoprotection, which allows for minimizing the 
effects of skin aging, depending on exposure to UV radiation.

To prevent premature skin aging, preventive measures to 
minimize endogenous and exogenous factors are necessa-
ry, based on an appropriate lifestyle, physical activity, regu-
lar hormone tests, and skincare. It seems ideal to combine 
proper home care with regular anti-aging treatments.
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