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ABSTRACT

One of the most important functions of the skin, mechanical, is provided by collagen fibers and their interaction
with other elements of the extracellular matrix. Synthesis of collagen fibers is a complex multistep process. At each
stage, disturbances may occur, leading, as a result, to a decrease in the mechanical properties of the connective
tissue. In clinical practice, disorders of collagen synthesis are manifested through increased skin laxity and looseness
and premature aging. In addition to the clinical presentation, it is important for the cosmetologist and dermatologist
to understand the etiology and pathogenesis of collagenopathies. The present review summarizes and systematizes
available information about the role of genetic and epigenetic factors in the synthesis of collagen fibers in the
skin. Understanding the etiology of collagen synthesis disorders can allow doctors to prescribe pathogenetically

grounded treatment with the most effective results and minimize adverse reactions.
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PE3IOME

OI[Ha U3 BaXXHBIX (byHKL[I/Iﬁ KOXH, MCXaHHU4YECKasd, oOecrnieunBaeTCsl KOJIAreHOBBIMKM BOJIOKHAMH M UX B3aMMO-
ﬂeﬁCTBHeM C APpYruMu 3JIEMEHTAMU BHEKJIICTOYHOI'O MaTpUKCa. CHHTE3 KOJJIATCHOBBIX BOJIOKOH — 3TO CJIOMKHBII
MHOT'O3TaITHBIN Tpouecc. Ha KaXXZI0M 3Tane MOXKET BO3HUKHYTh HAPYIICHUE, IPUBOAAIIEE B UTOI'C K CHHYKECHUIO
MEXaHUYECKUX CBOMCTB COCZ[I/IHPITGJTLHOﬁ TKaHu. Kinmanvecku HapyueHus KOHHaFeHOOGpaL’,OBaHI/Iﬂ TMIPOSBJIAKOTCS
B BHUJIC TTOBBIIICHHON I[pHGJ'IOCTI/I, PBIXJIOCTH KOXH, PAHHETO NPOSABJICHUS IPU3HAKOB CTAPCHUS JIMILA. KpOMe KJIH-
HUYECKOU KapTUHbI, Bpa4yy KOCMETOJIOTY U JACPMATOJIOrY BaXKHO MNOHHUMATBH 3TUOJIOTUIO U NMATOIC€HE3 KOJJIar€HO-
natuid. B Hamem o63ope MBI 0606L[II/IJ'[I/I U CUCTEMATHU3UPOBAIIM UMEIOLIYIOCS I/IH(bOpMaLII/IIO O POJIM TCHETUYECKUX
U SIIUTCHETUYCCKUX L’paKTOpOB B IIPOLECCE CUHTE3a KOJUIAar€HOBBIX BOJIOKOH KOXH. IloHnMaHue naToreHesa Hapy-
IICHUSA KOHHaFeHOO6pa3OBaHHH MOKET MO3BOJIMTh BpadaM Ha3dHa4daTb NAaTOI€HETUYCCKU 000CHOBAaHHOE JIEYEHHE C
JOCTHUKECHUEM Hauboee B(b(beKTI/IBHLIX PE3YyIbTaTOB U MHHHMH3AIMEH HeXeIaTeIbHbIX peakunﬁ.

KuioueBrble ciioBa: KojuiareH KOXXHM, CHHTE3 KOJUIar€Ha, KOoJular€HonaTus, HOJ'II/IMOP(I)I/ISM TCHOB

Kondaukt unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX U MOTCHIIMAIBHBIX KOH(INKTOB HHTEPECOB,
CBSI3aHHBIX C ITyONMKanuel HaCTOSIIEH CTaThu.

Hcrounuk ¢puHAHCHPOBAaHUSA. ABTOPBI 3asBIAIOT 00 OTCYTCTBMU (PMHAHCHPOBAHUS IPU NPOBEACHUH MCCIIENIO-
BaHUSL.

Jns uurupoBanusi: [Torexkaes H.H., bop3pix O.b., Ilnaitnep H.A., IlerpoBa M.M., Kaprosa E.U., Hackipo-
Ba P.®. CunTes kommareHa B KoXKe: TeHETHUECKUE U STIUT€HETHUIECKUE aCIIeKThL. bronnemens cubupckotl meouyu-
not. 2022;21(3):217-226. https://doi.org/10.20538/1682-0363-2022-3-217-226.

INTRODUCTION

In order to prescribe pathogenetically grounded
therapy for aesthetic skin imperfections, it is import-
ant to understand the physiological and pathological
processes in the skin and, based on this, prescribe a
set of measures aimed at restoring its physiological
properties [1]. To do this, it is necessary to perform
in-depth study on synthesis of collagen fibers, includ-
ing the genetic aspects of collagen synthesis. Uniting
fragmented data about genes encoding key proteins,
including enzymes, at all stages of collagen synthesis

in the skin can help to develop new predictive stra-
tegies in medical cosmetology (aesthetic medicine).
Collagen accounts for up to 25% (in dry weight)
of all proteins in the human body, providing struc-
tural support for connective tissue, including the skin
[2]. A large number of modern methods of aesthe-
tic medicine are aimed at improving and stimulating
collagen synthesis in the skin [3]. At the same time,
some companies have undertaken clinical trials, and
histologic studies and have suggested that particu-
lar techniques bring significant results. However,
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in clinical practice, we are far from achieving con-
sistent clinical effects in all patients. In the context
of diverse results in our patients, we most often talk
about the “individual characteristics” of a particular
person. So, what underlies these individual charac-
teristics?

There are two groups of factors that can influ-
ence collagen synthesis in the skin: external and
internal ones [4]. External factors include nutrition
(the completeness of intake of nutrients necessary
for collagen synthesis) and the impact of environ-
mental factors. Internal factors include the hormon-
al status, the inherent genetic code for the structur-
al elements of the skin, and epigenetic regulation
of the activity of genes encoding key proteins and
enzymes of collagen synthesis [5]. The genetic as-
pects of collagen fiber turnover (synthesis, function,
degradation), as well as their role under normal
conditions and in pathology are being actively stud-
ied. The largest number of studies are devoted to
the collagen of bone tissue and internal organs. The
number of studies concerning genetic predictors of
collagen synthesis in the skin has been increasing in
recent years, but there is a need to systematize the
existing data.

THE STRUCTURE OF THE COLLAGEN
MOLECULE

n the extracellular matrix, two main classes of
macromolecules are distinguished: glycoproteins
(fibronectin, proteoglycans, and laminin) and fibrous
proteins (collagen and elastin). The extracellular ma-
trix proteins are called “matrisomes” [6]. A collagen
molecule is a fibrillar glycoprotein characterized by
versartility in the construction of various tissues. The
natural form of the collagen fiber provides necessary
mobility during skin stretching, but in scar tissue,
fibers are straighter and thinner, and, consequently,
the tensile strength of the collagen fiber decreases
[7]. Depending on the type of collagen, its supra-
molecular structure can be fibrillar and non-fibrillar.
Among the 28 types of collagens in the skin, type I,
III, and V fibrillar collagens are of the greatest im-
portance for the skin, while non-fibrillar collagens
(type IV collagen located in the basement membrane
and type VI, VII, XIV, and XVII collagens) are less
important.

All collagens, at least partially, are supercoils
twisted in a left-handed fashion consisting of three
polypeptide chains [8]. These polypeptide chains

can have the same sequence of amino acid residues
(in this case, the collagen molecule is known as ho-
momeric) or a different sequence (heteromeric col-
lagen molecule) [9]. So, the dominant form of type
I collagen is a heterotrimer. The homotrimeric can
be found in fetal tissues, tumors, and some fibrous
lesions in various tissues; it is more resistant to the
action of collagenases [10]. In contrast, the dominant
form of type III collagen is a homotrimer. Its fiber
diameter is smaller than that of type I collagen. How-
ever, when type I and III collagen appear together,
the latter regulates the diameter of the collagen fiber
[11]. The collagen molecule consists of repeating
triads of (X-Y-Gly)n, where Gly is the amino acid
glycine. The X and Y positions may be attributed
to any other amino acids, but quite often they are
filled by proline or hydroxyproline [12]. Glycine is
the smallest of the amino acids, and its lateral hydro-
gen is always in the center of the helix. This amino
acid contributes to the coiling of the three helices
and provides tight packing of collagen into the helix
[13, 14]. Mutations in genes that lead to replacement
of glycine with another amino acid, lead to a change
in the structure of the helix and thus a disruption in
the protein function. For example, more than 650
mutations in the COL3A41 gene encoding the pro-al-
pha 1 chain of type III collagen have been identified,
among which missense mutations replacing glycine
with a bulkier amino acid are the most common.
Most glycine substitutions lead to the formation of a
more thermolabile protein with greater susceptibility
to proteinases [15]. Most patients with such muta-
tions are heterozygous and can produce both normal
and abnormal a-chains of type III procollagen, so
they can have both normal and mutant homotrimers
and triple chains containing one or two abnormal
chains [16].

COLLAGEN SYNTHESIS

The main producers of extracellular matrix com-
ponents, including collagen, are fibroblasts. Colla-
gen fiber synthesis is a complex multi-stage process
that begins with transcription of the gene encoding
collagen in the cell nucleus and ends with the assem-
bly of the collagen fiber in the extracellular space
[17]. At each stage, it is possible to identify genes
that contribute to the fiber formation. At the initial
stage, these are genes that contain the structure code
for the polypeptide chain. Also, at this stage, the role
of epigenetic regulation can be noted. At the next
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stages of the assembly (post-translational changes),
the role of genes responsible for spatial arrangement
of collagen fibers affecting the functionality of the
fiber is important [18].

The assembly of the collagen polypeptide chain
occurs in ribosomes, where information is read from
the messenger ribonucleic acid (mRNA), and the
polypeptide chain is assembled (translated) from
amino acids with the participation of transfer RNA
(tRNA). The primary collagen polypeptide chain
consists of three domains: N-propeptide, triple-
helical (makes up 95% of the molecule), and C-pro-
peptide. These domains are transported to the endo-
plasmic reticulum, where they undergo subsequent
post-translational modification [19]. A key step in
the collagen formation is formation of a triple super-
coil, or trimerization, which begins at the C-terminal
end at the site of disulfide bonds and proceeds at a
lightning speed to the N-terminal end of the mole-
cule. Each individual polypeptide chain is folded
into a left-handed helix. Then all three chains are

folded together into a right-handed helix. Before the
assembly of the supercoil, post-translational changes
occur in each of the chains, such as hydroxylation,
glycosylation, and oxidative deamination. All these
changes occur inside the cell [20]. For subsequent
thermal stability of collagen, prolyl residues in the
triple-helical domain are hydroxylated to 4-hydroxy-
proline by prolyl-4-hydroxylase encoded by the
genes P4HAI, P4HA2, P4HB, and P4HA3 (Table)
[21]. For subsequent collagen reticulation, some of
the lysine residues are hydroxylated by procolla-
gen-lysine, 2-oxoglutarate-5-dioxygenase encoded
by the PLOD gene and then glycosylated [22, 23]. As
seen from the Table, under physiological conditions,
PLODI and PLOD3 are highly expressed in the skin.
Hydroxylation requires the presence of oxygen, vita-
min C (for reduction of iron ions in the composition
of enzymes), and a-ketoglutarate [24]. Ascorbic acid
(vitamin C) is a cofactor of prolyl hydroxylases and
lysyl hydroxylases, which are involved in collagen
biosynthesis [25].

Table

Genes encoding enzymes involved in post-translational changes in the collagen fiber [26]

Gene. encoded protein / enzvm Localization on the Clinical manifestations of mutation / Expression in the
ene, encoded protetn 7 enzyme chromosome polymorphism skin (RPKM)
P4HAI (o-subunit of the prolyl 4-hydroxylase) | 10q22.1, 17 exons Poor prognosis in malignant neoplasms 7.129 £2.121
P4HA2 Poor prognosis in malignant neoplasms,
+

(a-subunit of the prolyl 4-hydroxylase) 5311, 17 exons risk of myopia 4603816
P4HB L .

+
(B-subunit of the prolyl 4-hydroxylase) 17925.3, 10 exons Poor prognosis in malignant neoplasms 89.377 + 8.824
PLODI (LHI) (lysyl hydroxylase (procolla- | -\ 3¢ 5y g oy ong Ehlers — Danlos syndrome type VI 11.061 +2.249
gen lysine, 2-oxoglutarate 5-dioxygenase 1))
PLOD% (LH2) (lysyl hydroxy.lase (procolla- 3q24, 23 exons Ehlers — Danlos, syndrome type VIB, 0.988 £ 0.202
gen lysine, 2-oxoglutarate 5-dioxygenase 2)) Brook’s syndrome
PLOD3. (LH3) (lysyl hydroxy.lase (procolla- 7q22.1, 19 exons Ehlers — Danlos syndrome type VIB, Stick- 7062 + 2361
gen lysine, 2-oxoglutarate 5-dioxygenase 3)) ler-like syndrome
LOX (lysyl oxidase) 5g23.1, 8 exons Aortic aneurysms, vascular disorders 4234 +1.207
ADAM 751 (dlsmtegrm agd metalloprotease 21213, 9 exons Impaired growth, fertility, and organ 2796 + 0.682
with thrombospondin motif 1) morphology
ADAMTS?2
(disintegrin and metalloprotease with throm- 5q35.3, 23 exons Ehlers — Danlos syndrome type VIIC 1.395 +£0.248
bospondin motif 2)
ADAMTS10 Disruption of growth and development
(disintegrin and metalloprotease with throm- 5q35.3, 23 exons of the skin, lens, and heart, Weil — Marchesani 1.485 £ 0.952
bospondin motif 10) syndrome
BMPI ) ) 8p21.3, 21 exons Osteogenesis {mperfe.cta, disruption pf morpho- 53804139
(bone morphogenetic protein 1) genesis and tissue regeneration
BMP2 . ‘ 20p12.3, 3 exons Impaired dev§lopm§nt of bone and 2551 10444
(bone morphogenetic protein 2) cartilage tissue
BMP4 Dental system pathology, orofacial cleft,

+
(bone morphogenetic protein 4) 14422.2, 6 exons microphthalmia, cardiovascular pathology 2.207+0.446
BMP7 Pathology of the skeletal system, kidneys,

+
(bone morphogenetic protein 7) 20q13.31, 7 exons and brown adipose tissue 7.722£0.536
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Other lysine and hydroxylysine residues undergo
oxidative deamination using lysyl oxidase (LOX),
thus forming reactive aldehydes that are capable of
forming covalent intramolecular and intermolecu-
lar cross-links [27]. Trimerization occurs in the en-
doplasmic reticulum and is facilitated by chaperone
proteins. The folding of the procollagen molecule
begins only after the translation of the entire protein
molecule is completed, with the autonomous folding
of the C-propeptide domain on each monomer strand.
After the folding, cysteine-rich C-propeptide is stabi-
lized by disulfide bonds. After the folding, C-propep-
tide domains “recognize” each other and assemble
together; in fibrillar proteins this process is mediated
by Ca?* and intermolecular disulfide bonds [28]. The
assembled C-propeptide trimer then initiates almost
instantaneous folding of the triple-helical domain,
which is rich in proline and glycine, with preliminary
isomerization of proline peptide bonds into a trans
configuration [10]. In the resulting triple helix, fur-
ther hydroxylation of procollagen is weakened and
preparation for protein secretion begins (in a non-ca-
nonical way). After the formation of the supercoil,
large globular domains are removed from both sides
of the molecule to produce tropocollagen. Then, col-
lagen reticulation occurs — cross-links are formed be-
tween some lysine and hydroxylysine residues [29].

Regulation of the displacement and orientation
of various collagen chains occurs by additional glo-
bular non-collagen domains. After the forma-
tion of the triple helix, N-terminal propeptides are
removed by zinc-dependent proteases belonging to
the ADAMTS group (A disintegrin and metallopro-
teinase with thrombospondin motifs). The C-termi-
nal propeptides of collagen are cleaved off by a group
of metalloproteases belonging to BMP-1 (bone mor-
phogenetic protein 1) (Table) [30]. As seen from the
Table, the expression of the ADAMTSI, ADAMTS?2,
and ADAMTS10 genes in the skin under physiolo-
gical conditions is approximately the same, whereas
the remaining enzymes of the ADAMTS group have
only low-level gene expression in the skin. However,
the key enzyme involved in the cleavage of the
N-terminal propeptide is the N-protease encoded
by the ADAMTS?2 gene. In the group of BMP genes,
BMP7 and BMP1 have the greatest expression in the
skin under physiological conditions, but the key role
in the cleavage of the C-terminal propeptide in the
skin belongs to BMP-1 [31].

The assembly of a collagen molecule is spatial-
ly arranged depending on the type of collagen and
is enzymatically supported by additional molecular
organizers, such as fibronectin, integrins, and mi-
nor collagens [32]. First, supramolecular structures
of 4-5 protofibrils are assembled from a tropocol-
lagen molecule; then, microfibrils are formed, from
which a fibril (with a diameter from 10 to 300 nm)
is produced with the participation of proteoglycans
[33]. Proteoglycans on the surface of fibrils form a
kind of a shell. Then, during the autogenesis, fibrils
form a collagen fiber, which also includes glycos-
aminoglycans, glycoproteins, and non-collagen pro-
teins. Fibrillogenesis is a spontaneous process (self-
assembly), which is evidenced by spontanecous for-
mation of fibrils by collagen fibers in vitro. Howe-
ver, in vivo, fibrillogenesis of type I collagen is con-
trolled by cellular mechanisms — it occurs only in
the presence of type V collagen, fibronectin, and
integrins (fibronectin-binding and collagen-bin-
ding) [34]. At the same time, it is believed that type
V collagen is important for the nucleation of type |
collagen fibrils, while fibronectin and integrins are
important during its assembly.

The tissue specificity of the collagen fiber is de-
termined by the final composition of various colla-
gens in heterotypic fibrils, and this composition is
influenced by various signaling molecules involved
in the fibrillogenesis [35]. In the collagen mole-
cule, there are intrahelical and interhelical bonds.
Reticulation is carried out by two mechanisms:
specific (enzymatically controlled) and non-speci-
fic (spontaneous). According to the first mecha-
nism, lysine is oxidized by lysyl oxidase with
subsequent formation of aldimines. Then the
reaction with histidine occurs to form chemical-
ly stable histidinohydroxylysino-norleucine [36].
Lysyl oxidase, which hydroxylates the lysyl resi-
dues of type I and II collagens, is encoded by the
LOX gene [37]. The second mechanism may include
multiple non-specific reactions with glucose and its
oxidation products, resulting in the formation of ad-
vanced glycation end-products. This mechanism is
especially important in aging and in diseases, such
as diabetes mellitus. Carbohydrates and oxidized
carbohydrates react with arginine, lysine, and hy-
droxylysine to form a glycated protein. Reticula-
ted collagen is resistant to enzymatic and chemical
degradation.

Bulletin of Siberian Medicine. 2022; 21 (3): 217-226 221



Potekaev N.N., Borzykh O.B., Shnayder N.A. et al.

Collagen synthesis in the skin: genetic and epigenetic aspects

REGULATION OF COLLAGEN SYNTHESIS

The synthesis and assembly of the collagen
fiber are influenced by many signaling molecules
and proteins. Some of the most important of these
are N-propeptides of type I collagen; fibronectin;
lysyl oxidase; tenascin-X; thrombospondin; matril-
lins; perlecan; decorin; biglycan; fibromodulin; and
lumican. Thus, a mutation of the gene encoding
tenascin-X leads to the development of Ehlers —
Danlos syndrome. In this syndrome, collagen fibrils
of the usual size and shape are detected, but with a
lower packing density. As a result, the total colla-
gen content in the skin is reduced by 30% [38]. In
addition, collagen and N-propeptides inhibit further
synthesis of procollagen through negative feedback
regulation. One of the most common glycoproteins
of the extracellular matrix is fibronectin, which plays
an important role in the development, cell growth,
differentiation, adhesion, and cell migration through
integrin-mediated signaling [39].

The formation of type I collagen fibrils requires
the presence of type V collagen, as type V collagen
acts as a central nucleus in the formation of type
I collagen fibers. Transforming growth factor Bl
(TGFBI), Wnt / B-catenin, and p38 mitogen-activat-
ed protein kinase (MAPK) also play a role in regu-
lating the expression of collagen genes [40]. TGFRB
also binds to the extracellular matrix through bind-
ing to latent TGFB-binding protein 1, which is as-
sociated with fibronectin 1 and fibrillin microfibrils
[41]. TGFBI1 stimulates the differentiation of myofi-
broblasts, resulting in pathological fibrosis (scarring)
during tissue regeneration. An additional factor in
the differentiation of myofibroblasts is mechanical
tension (stiffness) of the tissue that supports profi-
brotic activation [42]. Various cytokines, including
interferon-gamma (IFNy), interleukin (IL)-1, and
basic fibroblast growth factors (bFGF, FGF-2), may
participate in the suppression of TGFB1 activity. As
a result of their action, collagen deposition decreas-
es, and apoptosis is induced [43]. Hypoxia can lead
to a decrease in the level of mRNA and type III col-
lagen in chondrocytes and, on the contrary, to their
increase in the lungs, resulting in alveolar fibrosis.
In the skin, adenosine and purine, which are formed
from ATP and ADP, are released in response to hy-
poxia, trauma or metabolic stress. In fibroblasts, ad-
enosine, acting through its receptors, activates the
expression of the COL3A41 gene [44]. Epidermal

growth factor (EGF) and basic fibroblast growth
factor (bFGF) also enhance the expression of CO-
L3A41 mRNA and protein in human skin fibroblasts
through MAPK signaling [45].

EPIGENETIC REGULATION

Epigenetics studies inherited changes in protein
synthesis that are not determined by changes in
the nucleotide sequence. Typically, such changes
are caused by the action of protein synthesis regu-
lators (de-/methylation of DNA, de-/acetylation of
histones, de-/phosphorylation of transcription fac-
tors, the action of regulatory microRNA (miRNA))
and other intracellular mechanisms. Modification
of DNA and histones (involved in DNA packaging
in the cell nucleus) alters the histone — histone and
histone — DNA interactions, regulating the availabi-
lity of transcription factors and influencing gene
transcription [46]. Among other factors, modifica-
tion of epigenetic mechanisms underlies the me-
chanisms of aging of the skin and collagen fibers. The
role of DNA and histone methylation, as well as his-
tone acetylation, is the most studied [47]. In particu-
lar, DNA methylation results in transcription repres-
sion and long-term maintenance of genome stability.
However, in some sporadic cases, DNA methylation
leads to gene activation in several types of cells [48].
Demethylation of DNA is facilitated by the influence
of some external and internal factors. Maintenance
of methylated DNA is important for the preservation
of progenitor cells and self-renewal of the skin [49].

With aging of the skin, the so-called epigene-
tic drift accumulates, as a result of which both hy-
pomethylated and hypermethylated DNA regions
accumulate. At the same time, ultraviolet (UV) radi-
ation makes a great contribution to DNA hypometh-
ylation, and the degree of hypomethylation is cor-
related with clinical parameters of skin photoaging
[50]. An example of epigenetic changes is a decrease
in the regulation of the gene encoding LOX in old
fibroblasts, resulting in a decrease in the mechani-
cal properties of the skin [51]. Methylation of his-
tones, depending on the modified site, can lead to
activation or suppression of transcription. Acetyla-
tion (deacetylation) of histone tails has the opposite
effects of methylation (demethylation): acetylation
leads to chromatin relaxation and transcription acti-
vation; deacetylation, on the contrary, leads to tighter
chromatin coiling and transcription inhibition.
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Specific NAD"-dependent enzymes (sirtuins
(SIRT)), due to their participation in histone acetyl-
ation, play a key role in epigenetic regulation and
facilitate transcription. Moreover, they participate
in the control over energy metabolism and oxidative
stress, cell survival, response to UV damage, DNA
repair, tissue regeneration, and inflammation [52]. In
the dermis, SIRT can inhibit collagen degradation,
regulate DNA repair, and increase the activity of
type I collagen synthesis by fibroblasts. The activity
of SIRT decreases with age and under conditions of
oxidative stress [53].

CONCLUSION

A large number of genetic and epigenetic fac-
tors affect the functioning of collagen fibers and,
consequently, the mechanical properties of the skin.
Gene mutations leading to various collagenopathies
may be associated with one of the genes encoding
collagen proteins, enzymes involved in post-trans-
lational collagen modifications, MMP or glycos-
aminoglycans [10]. In Russian medicine, the terms
differentiated and undifferentiated hereditary con-
nective tissue dysplasias were previously proposed.
The introduction of modern methods of molecular
genetic diagnosis indicates that the most common
hereditary (“differentiated”) collagenopathies in-
clude osteogenesis imperfecta, Ehlers — Danlos syn-
drome, Caffey disease, and Marfan syndrome [25],
which should be taken into account by doctors of
aesthetic medicine. These are monogenic syndromes
of Mendelian inheritance caused by causal (patho-
genic) gene mutations, in which the contribution of
the environment is minimal or absent. For example,
the genes involved in the development of Ehlers —
Danlos syndrome include COL5A1, COL5A2, CO-
L3A1, PLODI, COLIAI, COLIA2, ADAMTS?2,
TNXB, FMNA, CHST14, SLC39A413, B4GALT7, and
FKBP14 [54].

On the other hand, the number of associative ge-
netic studies on multifactorial collagenopathies is
increasing. In these diseases, both the carriage of
polymorphisms in candidate collagen genes and the
influence of external environmental factors are im-
portant. This is due to higher incidence of multifac-
torial collagenopathies in the population compared
with monogenic collagenopathies, many of which
are rare (orphan). The study of the contribution of
single nucleotide polymorphisms (SNPs) to the de-
velopment of multifactorial connective tissue diseas-

es, in general, and to the development of human skin
collagen pathology, in particular [55], is relevant.
Yet, associative genetic studies on the genes respon-
sible for collagen fiber function are currently insuf-
ficient to compile a complete and clear personalized
algorithm for the management of such patients by
cosmetologists and dermatologists. Therefore, doc-
tors, to a greater extent, focus on the clinical presen-
tation: increased flabbiness, hyper-elasticity, early
manifestations of aging, and other signs indirectly
indicating collagen pathology. Based on the clini-
cal presentation, a treatment plan is designed aimed
at protecting and improving synthesis of collagen
fibers. Such recommendations, based on external
and internal factors, may include lifestyle changes,
additional intake of vitamins and minerals, and me-
sotherapy (biorevitalization) with amino acids and
co-factors necessary for collagen synthesis. Taking
into account the results of molecular genetic diagno-
sis of monogenic and multifactorial collagenopathies
and transferring them into real clinical practice are
very important. It can improve the effectiveness and
safety of local and general therapy for normal and
pathological skin aging.
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