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Photo-damaged skin is characterized by major alterations
of the extracellular matrix and collagen network, leading to
clinically obvious signs of skin aging. UV radiation in-
creases the levels of matrix metalloproteinase (MMP) 1,
which initiates the cleavage of fibrillar collagen types | and
Ill. The developing collagen fragments are further de-
graded by MMPs 2 and 9. Various ablative, non-ablative,
thermal and non-thermal rejuvenation modalities have
been tested for their capacity to reverse epidermal and
dermal signs of photo- and chronological-aging. Light and
laser therapies are among the most effective treatment
options for skin rejuvenation. Conventional laser therapy
treats entire surface areas by selective photothermolysis
or ablation. Recently, intervention with a fractional abla-
tive laser leads to fast wound healing, and hence, a
substantial amount of the target skin area is left untreated.

It is not known if the efficacy of a particular ablative skin
rejuvenation treatment depends on the extent of micro-
wounding and/or the amount of heat produced. The under-
lying molecular changes are not fully understood but have
been postulated to be induced by time-dependent changes
in heat shock proteins, transforming growth factor B,
MMPs, hyaluronic acid synthethases, hyaluronidases
and HA, among others.
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HE DEMAND for minimally invasive treatments

to preserve or improve skin smoothness and
tonicity is increasing. Traditional ablative laser
therapies with CO,- or Er: YAG-lasers are highly
effective for the repair of rhytides and photo-
aged skin. These treatments remove the entire
epidermis, allowing for its complete regeneration
and extensive remodeling (1, 2). However, abla-
tive resurfacing requires significant downtime
and may involve persistent erythema, hypo- or
hyperpigmentation, infection or scarring (1).
Healing after non-ablative resurfacing techniques
takes less downtime, but seems to be less effec-
tive even if several treatment sessions are
applied. Recently, fractional ablative laser (AFP)
intervention, primarily using a 1550 nm fractio-
nated erbium glass fiber laser, has been intro-
duced to further reduce downtime and side
effects (2). This device emits light in a pixilated
fashion onto the skin, producing an array of
microthermal zones (MTZs) in the dermis (3)
with depths of 300400um (2, 4). It has been
postulated that columns of cellular debris are

eliminated by trans-epidermal elimination and
remodeling due to inflammation (4, 5). Ablative
skin resurfacing by fractionated CO,- or Er: YAG-
lasers ablates the epidermal compartment as well
as parts of the dermal compartment, depending
on the amount of energy applied (6). Using this
technique, controlled collateral dermal heating is
achieved near the microscopic ablation zones
(MAZs). The controlled thermal stress to the
epidermis and the dermal compartment is fol-
lowed by a wound healing response ultimately
leading to re-epithelization and dermal remodel-
ing (5). With the greater degree of injury com-
pared with non-ablative devices, a greater and
prolonged effect on induction of new collagen
and remodeling is assumed (5, 7). The question
remains as to whether or not removing volume
via ablation is ultimately the most effective way
to erase a surface rhytid. Moreover, the depth of
collagen remodeling needed for rhytides is still
under debate. As to the different ablative devices
on the market, they all offer significant differ-
ences in their depths of penetration. Another
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unanswered question with these new technolo-
gies is whether the depth of ablation or the depth
of thermal damage is the most important para-
meter.

The up-regulation of heat shock proteins
(HSP70) seems to be one of the initial underlying
molecular changes, in addition to altered regula-
tion of other molecules such as transforming
growth factor B (TGF-B), matrix metalloprotei-
nases (MMPs), hyaluronic acid synthethases
(HAS), hyaluronidases (Hyals) and hyaluronic
acid (HA) (5, 8-11).

Intrinsic and Extrinsic Skin Aging

Both intrinsic and extrinsic influences are in-
volved in the process of skin aging. Intrinsic
structural changes occur as a natural conse-
quence of aging and are genetically determined,
whereas extrinsic factors are, to varying degrees,
controllable and include exposure to sunlight,
pollution or nicotine, repetitive muscle move-
ments like squinting or frowning and miscella-
neous lifestyle components such as nutrition,
sleeping position and overall health (12).

Intrinsic aging is characterized by smooth,
thinned skin with exaggerated expression lines
and the occurrence of benign neoplasms such as
seborrhoic keratoses and cherry angiomass. His-
tological changes include a flattening of the rete
ridges, with reduced surface contact between the
epidermis and dermis, which results in a reduced
exchange of nutrients and metabolites between
the two skin layers. The natural process of aging
contributes to the generation of reactive oxygen
species (ROS) that stimulate the inflammatory
process in the skin, activating transcription fac-
tors that regulate the proteolytic degradation of
the extracellular matrix (ECM). An interlinked
network of enzymes that convert ROS to harm-
less water and oxygen molecules regulates the
antioxidant defense system, which is reduced in
the skin of aging individuals (13).

In addition, aging is significantly different at
distinct anatomical sites within one individual
(14, 15) and is influenced by hormonal changes,
primarily in estrogen and testosterone (16-18).

Extrinsically aged skin is characterized by
signs such as wrinkles, dyspigmented lesions,
teleangiectasia and loss of elasticity (19-21). His-
tological analysis of photo-damaged skin shows
major modifications in the dermis, including
alterations of the ECM (22) and the formation of
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solar elastosis (20, 23, 24). UV light exposure
initiates a flurry of molecular and cellular re-
sponses in which UVA, penetrating into the
dermis, is responsible for most chronic skin
damage. Several MMPs (25-27), serine proteases
(e.g., neutrophil elastase), fibroblast elastase (28),
free radicals, ROS and xeroderma pigmentosum
factor are induced and subsequently degrade or
damage dermal collagen and ECM components
like HA, leading to epidermal invagination re-
presenting the beginning of wrinkles (29-32).
Additionally, UV light causes the depletion of
cellular and enzymatic antioxidants (superoxide
dismutase and catalase) and activates the neu-
roendocrine system leading to immunosuppres-
sion and the release of neuroendocrine
mediators. At the cellular level, UV irradiation
triggers cytokine production (33), induces the
surface expression of adhesion molecules (34)
and affects cellular mitosis, apoptosis and necro-
sis (35). MMP 1 initiates the cleavage of fibrillar
collagen types I and III in the dermis, which are
then further degraded by MMP 2 and 9 (36). The
simultaneous expression of MMP 2, MMP 3 and
MMP 9 results in the degradation of non-collage-
nous components of the dermal ECM, including
basement membrane glycoproteins and proteo-
glycans. In aged skin, MMPs may already exist in
a more active state because of the decreased
levels of tissue inhibitors of MMPs (37). Further-
more, acute UVB irradiation leads to a slight
reduction in HA levels within the first hours,
followed by not only an increase in HA in the
epidermis and dermis but also intensified HA
turnover in the dermis (38). Interestingly, there is
an increase in HA production after a single,
moderate dose of UVB (via HASs 2 and 3), while
high and repeated doses of UVB are inhibitory
(39). Consequently, UV-aged skin contains lower
levels of HA compared with young skin (40).
Additional acute effects of UV irradiation in-
clude direct effects on keratinocytes such as the
induction of several interleukins (ILs) and tumor
necrosis factor-o. (TNF-a) leading to the infiltra-
tion of the skin with phagocytic cells, which
themselves secrete these cytokines (41). IL-1 and
TNF-o increase the rate of degradation of proteo-
glycans and inhibit proteoglycan biosynthesis. By
contrast, TGF-B and insulin-like growths factor 1
have the opposite effect, and thus, induce pro-
teoglycan synthesis (42). Prostaglandins and
other inflammatory mediators such as histamine
and leukotrienes (43) as well as granulocyte-



macrophage colony-stimulating factor are also
increased in response to UV (44). Such pro-
inflammatory mediators increase the permeabil-
ity of capillaries, leading to infiltration and
activation of neutrophils and other phagocytic
cells into the skin. ROS are primarily produced
by phagocytic cells and polynuclear lympho-
cytes, leading to oxidative damage to cellular
proteins, lipids, carbohydrates and DNA (45).
One of the primary events in ROS-mediated
inflammation is the activation of transcription
factors. Nuclear factor x B and activator protein
1 are transcription factors that play a role in the
regulation of the expression of a variety of genes
involved in immunological and inflammatory
responses, including genes that encode cytokines,
matrix-degrading metalloproteases, adhesion
molecules and regulators of cell growth, differ-
entiation and cell death (46). The free radical-
induced peroxidation of membrane lipids con-
tributes to increased phospholipase A activity,
leading in turn to greater production of prosta-
glandins (47). Phagocytic cells further stimulate
keratinocytes to synthesize and secrete elafin, an
inhibitor of human neutrophil elastase, which
eventually limits the damage caused by the
inflammatory neutrophils (48).

Molecular Mechanisms of Wound
Healing After Thermal or Non-Thermal,

Ablative and Non-Ablative Skin
Rejuvenation Treatments

There are various wound-inducing skin rejuve-
nation devices that lead to epidermal and dermal
remodeling. Traditional ablative laser ablates the
entire epidermis and parts of the dermis, indu-
cing extensive skin remodeling with significant
downtime (1, 2). AFP and non-ablative laser
intervention is effective and leads to faster
wound healing, although a substantial amount
of the target skin area is left untreated. Ablative
skin resurfacing with a fractionated CO,- or
Er:YAG-laser induces controlled collateral der-
mal heating next to MAZs (49). The spatially
controlled thermal stress to the epidermis and
dermal compartment is followed by a wound-
healing response ultimately leading to re-epithe-
lization and dermal remodeling (3-7).
Subsequently, different non-ablative lasers and
light sources have been developed for skin reju-
venation with the aim of reducing side effects

Fractional ablative wound healing

and downtime. They affect the wound-healing
cascade by thermal or photothermolytic injury,
with little or no damage to the surrounding
tissue. Thermal but non-ablative photorejuvena-
tion typically involves a confined, selective ther-
mal injury to the papillary and upper reticular
dermis, which contains the majority of solar
elastosis in photo-damaged skin, without any
epidermal damage leading to fibroblast activa-
tion and the synthesis of new collagen (50-52).
Microneedle devices aim for only microwound-
ing without any selectivity. Currently, it is not
known whether the efficacy of a particular skin
rejuvenation treatment depends on the extent of
microwounding, with or without epidermal da-
mage and heat. The underlying molecular
changes to the epidermis and dermis are not fully
understood, but different factors such as HSP70
and HSP47, TGF-B, MMPs, HAS, Hyals and
HA have been postulated to play significant roles
(5, 8-11).

Different laser treatments increase the expres-
sion of HSP70 within the epidermis around the
‘microscopic thermal injury zones’ (2-48h after
therapy) and within dermal structures, particu-
larly around blood vessels, hair follicles and
sebaceous glands (815nm diode laser; 1.5W, 3s
pulse duration, fluence of 145]/ cm? (9, 53) or a
non-ablative fractional 1500 nm diode laser sys-
tem; 5m]/MTZ, 1600 MTZs/cm?) (4). Using our
skin explant model, we have shown that HSP70 is
up-regulated by a fractionated ablative thermal
COs,-laser treatment (10,600nm; 50, 64, 100 or
300mJ at 100-200 ablation zones/cm?), non-abla-
tive but thermal Er:glass laser treatment
(1540 nm; 1Hz repetition rate, 30]/ cm? fluence)
as well as by non-thermal surgical treatments.
However, HSP70 does not seem to play a sig-
nificant role in the induction of skin remodel-
ing induced by photomodulation (LEDA SCR
red light: 635nm, 40-120W/cm?®, 40-120]/cm?;
LEDA SCR yellow light: 585nm, 16-35 W/cm?,
20-100]/cm?) or microneedle device intervention
(250 microwounds/cm?). The AFP treatment per-
formed by a CO,-laser led to a marked up-
regulation (shown by immunohistochemistry) at
1h, peaking between 1 and 24 h post-treatment,
and a significant decline within the following
7 days without significant differences between
the various energies used. Maximal HSP70
expression was lower and reached later after
Er:glass laser intervention or surgical incis-
ions compared with AFP treatment (107, 108).
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Immunohistochemical investigations of HSP70
(HSP72 and HSP73) and HSP72 after CO,-AFP
in a human in vivo study setting, for which day 1
was not investigated, showed the highest epider-
mal HSP70 and HSP72 expression 3-14 days
post-intervention (54). HSPs are stress proteins
and tend to be up-regulated in all cell types if
exposed to thermal or other forms of physical
and chemical stress (55-58). They enhance the
ability of cells to deal with the resultant accumu-
lation of abnormally folded proteins, either facil-
itating the refolding of damaged proteins or
participating in the synthesis of new proteins to
replace those that are irreparably damaged.
Therefore, they are fundamentally involved in
cell reparation and the wound-healing process
(59, 60). HSP73 is synthesized constitutively,
whereas the synthesis of HSP72 is usually re-
stricted to cells experiencing stress. HSP47 ex-
pression has been found to be localized to the
endoplasmic reticulum of fibroblasts, where it
interacts essentially with the synthesis and trans-
port of the pro-al(I) and pro-o2(I) chains of
procollagen I (61). HSP47 expression is up-regu-
lated 4-7 days post-laser intervention and per-
sists for 3 months (5, 54, 62), leading to increased
procollagen and collagen I and III deposition (63—
65). Type I and type III procollagen messenger
RNAs were also up-regulated, peaking 21 days
after treatment and remaining elevated for at
least 6 months (64). Type III collagen is the
predominant collagen in the granulation tissue
of healing wounds (66). As healing advances, a
more rigid type I collagen is laid down, while the
amount of type III collagen diminishes (67). In
our human clinical study, skin remodeling uni-
formly started with regrowth of the epidermal
compartment, followed by partial to complete
replacement of the MAZ on day 14 by newly
synthesized condensed procollagen III, depend-
ing on the energy applied. In addition, from day
3-14, the number of macrophages and giant cells
surrounding the MAZ increased depending on
the energy applied. The number of macrophages
and giant cells involved in the replacement of
necrotic zones may determine whether wound
healing is efficient or delayed and limits the
dermal ablation and remodeling depth (54).
Macrophages as well as fibroblasts themselves
secrete activating cytokines and growth factors
(68-71).

Among such growth factors, TGF-f has long
been believed to be the most critical in the
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process of tissue remodeling (7, 72, 73). A few
studies have shown induction or activation of
TGF-f1 and TGF-B2 by different non-ablative
laser regimens (8, 74) 2 days after laser irradia-
tion, while TGF-B3 expression was increased after
14 days, concomitant with an increased inflam-
matory infiltrate. TGF-B1 mRNA levels rose
acutely within 3 days after CO,-laser resurfacing
and remained elevated for at least 28 days (64).
Using our skin explant model as well as the
human clinical study, TGF-B expression was
similar to that of HSP70 and was highest 1h to
3 days following AFP. Furthermore, intra-der-
mally injected TGF-B induced HSP70 indepen-
dently of laser therapy, serving as a positive
control (107, 108). TGF-f increases the synthesis
of matrix constituents like fibronectin (75, 76) and
collagen (77), myofibroblast transformation (73,
78), immunomodulation, angiogenesis and the
heat shock response (79). Upon TGF-B binding
to its receptor at the cell surface, cytoplasmic
transmitters (Smad2 or Smad3) are phosphory-
lated and then form a heterodimer with a com-
mon Smad (Smad4). This heterodimer
translocates to the cell nucleus, binds to a gene
promoter and regulates TGF-B-dependent gene
expression (80, 81). The TGF-f signal is further
modulated by various cytokines such as TNF-o,
which blocks the TGF-/Smad signal via activa-
tion of c-Jun N-terminal kinase, antagonizing the
TGF-B1-induced up-regulation of type I and III
collagen as well as fibronectin in fibroblasts (82—
84). Increased TNF-o and IL-1p mRNA levels
were initially observed during the first 3 days
after treatment, declining sharply between days 6
and 8 post-treatment (64).

The mRNA message for MMP1, an enzyme
that catalyzes the first step of collagen degrada-
tion, was elevated beginning within 3 days,
peaking on day 7 and declining during the
second week after CO,-laser treatment. A similar
pattern was seen in the rise of MMP3 mRNA,
coding for an enzyme that degrades partially
degraded collagen and other matrix proteins
such as proteoglycans and elastin. MMP3 mes-
sage levels rose rather quickly between days 2
and 7 and then sharply declined the subsequent
week. Although MMP9 mRNA levels also
peaked at day 6 after treatment, its level re-
mained elevated (near peak levels) for at least
28 days after resurfacing, in contrast to MMP1
and MMP3, suggesting residual degradation of
MMP1-generated collagen fragments (64). Levels



of MMP13 mRNA rose in a comparatively de-
layed fashion, peaking on day 14 post-treatment
and subsequently declining during the following
2-week period but remaining somewhat elevated
28 days after resurfacing. Evidence suggests that
MMP13 is involved in the remodeling of newly
synthesized collagen, which occurs in the later
stages of wound healing (85).

HA, also called hyaluronan, is a high-molecu-
lar-weight carbohydrate polymer (HMW-HA:
600-1000kDa) that is an integral part of the
extracellular epidermal and dermal matrix (86).
There is a constant balance between its synthesis
and degradation, with a dermal turn-over rate of
approximately 1-2 days. There exist three sub-
types of HA-synthesizing enzymes in human
skin (HAS1-3) as well as three degrading en-
zymes (Hyall-3). HA is taken up by dermal
fibroblasts via the main HA receptor CD44 fol-
lowed by enzymatic degradation by Hyals within
lysosomes. Hyal-1 disintegrates HA into smaller
HA fragments, and Hyal-2 generates HA frag-
ments of 10-20kDa (86, 87). New HA is synthe-
sized by HASs. HA subtypes differ regarding
their position in dermal compartments and in
their sizes. HAS-1 and -2 produce saccharides of
200-400 kDa, and HAS-3 produces saccharides of
40-250kDa (88). HAS and Hyals showed slight
changes, altering HA synthesis, after fractionated
thermo-ablative Er:YAG-laser therapy. Concor-
dantly, an increase in the HA content of the skin
could be detected by immunohistochemistry.

Conclusion and Outlook

Although the underlying molecular changes in-
duced by different ablative and non-ablative as
well as thermal and non-thermal skin rejuvena-
tion treatments are not fully understood, there
are investigations suggesting important roles
for HSP70 and HSP47, TGF-B, different MMPs,
HAS, hyals and HA, among other molecules. In
future studies, it would be of interest to further
quantify these parameters following different
laser treatments under different conditions.
Such research could lead to optimization of
treatment protocols due to a better understand-
ing of these molecular changes, and potentially,
the ability to influence them. The particular
device and level of ablation and thermal damage
needed to stimulate maximal neocollagenesis
remain to be determined.

Fractional ablative wound healing

The pulse duration seems to be one of the most
decisive parameters for achieving good clinical
results. With longer pulse durations, more heat is
imparted to the skin. Shorter pulse durations
deliver less energy and, therefore, less heat. Too
much heat can lead to scarring.

Other factors investigated in wound healing
studies may be of interest during laser skin
rejuvenation treatments. Among these, B-catenin,
a key component in the canonical Wnt signaling
pathway, is activated during wound healing or in
response to irradiation. It forms a transcription-
ally active complex with members of the T-cell
factor family, increasing the size and number of
fibroblasts and inducing the expression of target
genes encoding for extracellular structural pro-
teins (89, 90). Its levels showed a positive correla-
tion with the tensile strength of a wound and the
expression levels of type I collagen in the skin
(91) (Fig. 1).

Tenascin is an ECM protein induced by epi-
dermal proliferation in hyperproliferative skin
diseases such as psoriasis (92-94) as well as
during wound healing (94). It has been specu-
lated that tenascin enhances keratinocyte migra-
tion by functioning as a substrate adhesion
molecule in the development and regeneration
of epidermal and adnexal structures (95-97).
Tenascin is structurally distinct from other ECM
glycoproteins, and its expression is subject to
different control mechanisms (93, 98), although
there is cDNA homology to fibronectin, fibrino-
gen and epidermal growth factor (99). In normal
human skin, tenascin can be detected discontinu-
ously in the papillary dermis beneath the basal
lamina and adjacent to the basement membranes
(93, 100). Increased and continuous expression of
tenascin can be observed 48 h after tape-stripping
or UVB exposure, with levels remaining elevated
for 14 days (92, 101) (Fig. 1).

Paralleling dermal remodeling, re-epitheliza-
tion begins within hours after skin injury to cover
the tissue defect and re-establish barrier function
(102). After injury, keratinocytes at the wound
margins become migratory, displaying changes
in cell-cell and cell-matrix adhesion and cytos-
keletal reorganization as they extend over the
wound bed (103, 104). Migratory keratinocytes
modify the terminal differentiation program, as
illustrated by a decrease in expression of the
differentiation associated keratins 1 and 10 and
de novo production of the injury-associated
keratins 6, 16 and 17 (103, 104). The changes at
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Fig.1. The roles of B-catenin and tenascin during wound healing and irradiation: B-catenin (B) and plakoglobin (Pg) bind to the cytoplasmic domain
of cadherin transmembrane adhesion receptors and, via a-catenin (o), associate with the actin cytoskeleton to form an adherens junction (A]). When
the Wnt signaling pathway is inactive, the cytoplasmic pool of B-catenin is targeted for degradation by a molecular complex including Adenomatous
polyposis coli protein (ACP) and Axin and the kinases casein kinase 1 (CK1) and glycogen synthase kinase 3 (GSK), which phosphorylate B-catenin
(PPPP). The binding of Wnt to Frizzled (Frz) and its co-receptor LRP activates Wnt signaling. This induces Dishevelled (Dsh)-mediated inhibition of
B-catenin phosphorylation by GSK, thereby blocking B-catenin degradation and its accumulation and complexing with T-cell factor (TCF) in the
nucleus. The B-catenin-TCF complex transactivates target genes such as those encoding collagen I and extracellular matrix proteins (ECM). Slug
expression is elevated in keratinocytes at wound margins, leading to cell spreading and desmosomal disruption and subsequent wound re-

epithelization.

healing wound margins resemble certain aspects
of the epithelial-mesenchymal transition (EMT)
that occurs during embryonic development and
tumor metastasis (105). The process of EMT is
characterized by loss of intercellular adhesion
mediated by adherens junctions and desmo-
somes, loss of polarity, increased secretion of
ECM-degrading proteinases, a shift from keratin
to vimentin intermediate filaments and enhanced
cell motility. Transcription factors of the Snail
family are known regulators of EMT in develop-
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ment, and there is evidence that the Snail tran-
scription factor Slug (Snai2) modulates EMT-like
processes in keratinocytes, including keratino-
cyte migration and wound healing (105). Slug
expression at excisional wound margins in vivo
and in vitro is maximal at 72h after wounding,
repressing the expression of E-cadherin and ker-
atin 8 (106).

In order to quantitatively and qualitatively ana-
lyze the cytokine profiles of keratinocytes and
fibroblasts, we aim to investigate keratinocyte



and fibroblast cell cultures after light experiments.
The results from these in vitro studies will be used
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N3meHeHus1, BOBHUKAIONINE HA MOJIEKYJISIPHOM YPOBHE NPHU CTAPEHUHU KOKH U BO
BpeMsl 325KMBJICHUS PaH nocjie ppakuuoHHOro adasinmoHHOro ¢gororepmMoJn3nca

Doris Helbig and Uwe Paasch

Kageopa oepmamonocuu, seneponocuu u arnepeonocuu, Jleunyueckuu ynusepcumem, Jleunyue,
l'epmanus

dotronoBpeKACHHAs KOXa XapaKTepH3yeTcsh 3HAYUTEIbHBIMU IEPEeCTPOMKAMU BHEKJIETOYHOI'O MaTpUKCAa |
KOJUIAaTr€HOBOW CETKH, IMPUBOAIIMMU K OYEBUIHBIM KIMHUYECKHM IIPH3HAKaM CTapeHus. Y@ u3IlydeHHe YBeIHYUBAET
YpOBEHb MaTpH4YHON MeTaionporenHassl (MMP) 1, kotopast nvHHIIMHPYET paciuersienue GuopuUIIpHOro KoyiareHa tuna [ u
III. MMP2 u MMP3 B najnbpHeiilneMm paspymaroT oOpasyromuecs (parMeHThl KoJjlareHa. PasimuuHble aOJsinMOHHEIE,
HeaOJISIIIMOHHbIE, TepMAJIbHBIE U HETepPMaJbHbIE METO/bI OMOJIOYKEHHS OBUTH MPOTECTHPOBAHbI Ha MPEIMET HX CIOCOOHOCTH
o0palaTh BCISATH SITHIEpPMalIbHBIE U IepMalIbHbIE IPU3HAKH (DOTO- U BO3PACTHOrO crapeHus. CBeToBasl U Jla3epHasl Teparvy —
OITHH M3 caMbIX 3(P(HEeKTUBHBIX CIIOCOOOB OMONIOKEHHs KoxH. CTaHAapTHas Jla3epHasi Teparusl JIEYUT BCIO 00padaThiBaeMyto
MOBEPXHOCTh IOCPEJCTBOM CEIIEKTUBHOTO (QoToTepMonu3uca wiu abmsinuu. HenaBHee BHenpeHune (paKIMOHHBIX
a0JISIIMOHHBIX JIa3epOB IMPUBENIO K OoJyiee OBICTPOMY 3a)KMBIICHHUIO PaH U K TOMY, YTO CYIIECTBEHHOE KOJIMYECTBO KOXKH
LeneBoil obnactu ocraercss HeoOpaOoraHHOW. [loka YTO HEM3BECTHO, 3aBHCHT JIM 3(P(PEKTUBHOCTh TaKOH YaCTHYHOMN
a0JAIMOHHOM 00pabOTKM KOXKH OT CTEIEHH MUKPOTPaBMUPOBAHUS H/WITK OT KOJIMYECTBa BhIpabaThiBaeMoro termia. OCHOBHBIE
MOJIEKYJSIpHBIE M3MEHEHHsI ellle He 0 KOHILA M3Y4YEeHbl, HO INPEIIONIaraercs, YTO OHW HHAYLHPYIOTCS JUHAMUYECKUMHU
M3MEHEHUSAMH OCJIKOB TEIUIOBOI'O IIOKa, TpaHchopMupyromiero hakropa pocra 3, MMP, ruamypoHaT-CHHTETa3, THATYPOHUIA3
Y THAITYpPOHOBOH KUCIIOTBI, CPEH IIPOYHX.

KnroueBble crnoBa: crapeHune KOXHM, (PaKIMOHHOE JIa3epHOE OMOJIOKEHHE KOXKH, Oelok TemioBoro Imoka 70,
TparchopMHUp IO pakTop pocta B, MATPUIHBIC METAJIIONPOTCHHA3HI.

© 2011 John Wiley & Sons A/S Accepted for publication 30 October 2010

[MotpebHOCT, B pa3zpaboTke Kak MOXKHO npubopaMu CBET TajaerT Ha KOXKYy B BHJE

MEHEEe WHBa3MBHOIO JICUEHHS JUIS COXpPAHECHUS W
yIy4IIeHHs] TIAJAKOCTH M TOHYCa KOXH BCE BpEMs
Bo3pacTaeT. TpaauiioHHast aONAIMOHHAS Jia3epHas
Tepanua yriekucnotHeiM  (CO,) mazepoMm WM
STPUEBBIM  JIa3¢pOM Ha  UTTPHU-AITIOMHHHAEBOM
rpanate (Er:YAG na3ep) Bbicoko 3¢ (eKTHBHA s
JEYCHUsT MOPIIMH W KOXH, [peTepreBiiei
¢dorocrapenne. Takoe IedeHHe yaaasieT BeCh
SMUJIEPMHIC, TIPUBOAS K €ro MOJHOM pereHepanuu u
mHpoKoMacITabHoMy pemozenuposanuio (1, 2).

Opnako  aOmsnuwonHas — nuidoBka — TpeOyer
SHAYUTCIIBHOI'O BpPEMCHU P ea6I/I.HI/ITaHI/II/I U MOXET
BbI3BATh JJIUTCIIBHYIO OpUTEMY, THUIIO- u

THIEPIIUTMEHTALINI0, WHEKIUI0 WU 00pa3oBaHHE
py6roB (1). 3akuBicHUE IOCIE HEaOJAIMOHHOMN
nuMGOBKA  TpeOyeT  MeEHbIIe  BPEMEHH, HO
OKa3bIBaeTcsi MeHee I(PQPEKTUBHBIM JlaXKe B CiIydae
MPOXOXKICHHUSI ~ HECKONBKHX  CEaHCOB  JICUCHUSI.
HenapHee BHenpeHue (pakIMOHHBIX aOISIMOHHBIX
nazepoB (AFP), mepBeiM u3 KOTOpBIX OBUI Jlazep Ha
9pOMEBOM CTEKJIe ¢ JJIMHOH BOMHBI 1550 HM,
MO3BOJIWJIO COKPAaTHUTh BpeMsl peaOHiIUTalud U
nobounsie dpdexTel (2). Henyckaemblit 3 THMH

MO3aWYHOTO CHTHAJIa, KOTOPBIH MPOAYIHPYET B CIOE
JEpMBl MHOXKECTBO MHKpOTepManbHbIX 30H (MTZ)
rryounoi 300-400 MM (2, 4). Beulo ycTaHOBIEHO,
YTO CTOJIOMKH KJIETOYHOro JeOpuca yIaasroTcs
MyTeM TPAHCOMHUJICPMAIBFHON JIUMHHAIIMN, TI0CIE
4yero, Onarogapss — BOCHAJCHUIO,  IPOUCXOIUT
pemozenupoBanue (4, 5). AOnsanuonHas nuiMdoBKa
koku  ¢paknuonaeiM CO, wmn Er:YAG mazepom
nojBepraerT  aOsUM  KaKk  dSIHJIepMalbHBIN
KOMIIAPTMEHT, TaK M  4YacTh  JepMallbHOTO
KOMITaPTMEHTA, B 3aBHCUMOCTH OT 3HAYCHHSI SHEPTUH
mnyaenus (6). [Ipu ucmonb30BaHUN dTUX YCTPOHCTB
pSAIOM € MHUKPOCKONMUYECHMH 30HaMH a0JsHuH

(MAZ) IIPOUCXOUT KOHTPOJIUPYEMOE
KOJIJIaTepaIbHOe HarpeBaHue JIEPMBI.
KonTponupyemsrit TEeMIIEpaTypPHBII crpecc

SMUJIEPMALHOTO M JIEPMajbHOTO KOMITAPTMEHTOB
MPHUBOJUT K YCHJICHHOMY 32)KHMBIICHHUIO paH U, B
KOHCYHOM  HTOre, K  pe-dNUTCIH3alud |
pemozaenupoBanuto aepmbl (5). Hapsmy ¢ Oosee
3HA4YUTEIBbHOU CTEIIEHBIO MOBPEXICHUI
HaOmoaercs Oonee 3HAYUTEIHHBINA 17§
MPOJIOHTHPOBAHHBIA  APQPEKT HMHIYKIUH CHHTE3a



HOBOTO KOJUIareHa ¥ PEMOJICIIMPOBAHMS,  I10
CpaBHEHHIO ¢ HeaOmAnuoHHBIMH mpubopamu (5,7).
Ocraercss HEBBIACHEHHBIM BOIIPOC, SIBJISICTCS JIH
yIaJleHue Marepuana KOXH TyTeM  aOJsuuu
HauOosnee 3PPEKTUBHBIM CIIOCOOOM pa3rilaXKUBaHMS
MOBEPXHOCTHBIX MOpIIMH. Kpome Toro, 1o cux mop
obcyxaaercs HeoOXouMast riryOnHa
peMonenupoBaHus KojulareHa. Bce aOnsimoHHBIE
npHOOpPBI, TMpPEACTaBICHHBIE HA pPBIHKE, HMEIOT
CYIIECTBEHHBIC OTJINYHS o riyouHe
MPOHMKHOBEHUSI HM3IMy4deHUs. Takke HE IOIydeH
MOKa YTO OTBET Ha BOINPOC, SIBJISAETCS JIM TIyOHWHA
abMsIMK WM TIyOMHa TEpPMaJbHOTO MOBPEKICHUS
CaMbIM CyIIECTBEHHBIM MapaMeTpOM TeparuH.
AxTtuBanus  OCTKOB  TEIUIOBOI'O  IIIOKA
(HSP70), mo Bceli BHUIUMOCTH, SIBJISICTCS OIHUM
MEPBUYHBIX 0a30BBIX M3MEHEHUH, MPOMCXOAAIINX Ha
MOJIEKYJIIDHOM  YpOBHE, TIOMHMO  H3MEHEHUH
perysiiud ~ JAPYTMX  MOJEKYyJd,  TakuxX  Kak
Tpanchopmupyrommii - gakrop pocra P (TGF-B),
MaTpUYHbIE METaJUIONPOTENHA3bI (MMP),
ruanyponat-cuarerassl  (HAS), rumamyponumazbt
(Hyals) u ruanyponoBas kuciora (HA) (5, 8-11).

BHyTpeHHee U BHellIHee cTapeHHe KOKH

[Ipomecc crapeHHus KOXH OOYCIIOBIEH Kak
BHYTPEHHHMH, TaK ¥ BHEIIHUMH (paKTopamu.
BuyTpeHnue CTpyKTypHBIE HW3MEHEHHS SBISIOTCS
€CTECTBEHHBIM CIIEICTBHEM CTapeHus u
O0YCIIOBIIEGHBI ~ T'€HETUYECKUMH  OCOOECHHOCTSMHU.
BHemnue QaxTophl, BKIIOYAIONINE BO3JCHCTBHE
COJIHEUHBIX Jy4yel, 3arps3HEHUE OKpY)Karolleh
cpenpl, KypeHHe, TOBTOPSIONIMECS  JIBUKECHUS
JUIEBBIX MBI, HampUMep, 3aXMypHUBaHHE W
HAXMypHBaHWE, TaKhe COCTaBIsIOIUE  o0Opasa
KU3HH, KaK MHUTaHHWe, 1M03a CHa, o0llee COCTOSHUE
3/I0pOBBSI, B Pa3NUYHON CTEIEHN KOHTPOIUPYEMBI.

BuyTtpennee crapeHune XapakTepusyeTcs
IJIaJKOM HCTOHYEHHOM KOXKEH C BBIPaXKEHHBIMU
MUMHYECKUMH MOPIIMHKAMH W TIOSBIEHHEM TaKHX
N0OpOKaYeCTBEHHBIX HOBOOOpa30BaHUH, KaK
ceOOpeliHbIii  KepaTo3 M  BHUIIHEBasS aHTHOMA.
l'ucromormueckne WM3MEHEHHS  3aKIIOYAlOTCS B
YIUIOIIEHUH SMUACPMAIIbHBIX I'pEeOHEH, Ocla0ieHUH
MTOBEPXHOCTHBIX KOHTAKTOB MEXKIY JMUAECPMHCOM H
JIEPMOM, YTO TPUBOJUT K YXYyIUIEHHIO OOMeHa
MUTATENFHBIMI ~ BEIIECTBAMH U MeTaboIuTaMu
MEXAY ABYMS CIIOSIMU KOXU. ECcTecTBeHHBIN Iporece
CTapeHusi CIIOCOOCTBYET T'eHepallii aKTUBHBIX (hopM
kuciopoga (ROS), dro, B cBOWO ouepenp,
CTUMYJIHUPYET TpOLECC BOCHAJEHHS B  KOXKeE,
AKTHBHPYSl TPAHCKPHUIIIIMOHHBIE (DAKTOPBI, KOTOPHIE
pEryIupyIOT  NPOTEONUTHYECKOE  pacllerieHue
BHeKJerouHoro marpukca (ECM). BzanmocBsizanHast
ceth (epMeHTOB, KOTOpble mpeoOpasyor ADK B
Oc3omacHble JUISL  KIETOK MOJIEKYJIBl BOIBI |
KHCIIOpoa, BXOIAT B COCTaB CUCTEMBI

AHTUOKCHJAHTHON 3alllUTHI, KOTOpasl 0cinadeBaeT Io
Mepe crapeHus opranusma (13).

Kpome Toro, ckopocts mpoliecca cTapeHHs
pPa3IMYHBIX AHATOMHMYECKHX CTPYKTYp B Ipeaenax
OJHOIO0 OpraHM3Ma HEOAMHAKOBa M 3aBHCHT OT
TOPMOHAJBHOTO (OHA, B YACTHOCTH, OT YPOBHS
ACTpOreHa u rectocrepona (16-18).

BHuemnee crapeHmne KoXu XapakTepusyeTcs
TaKUMH MpU3HaKaMH, Kak MOPIIKHBI,
TUCIIUTMEHTAllMsA, TeJIeaHTHMdIKTa3us H  [oTepd
anactuynoctd (19-21). T'mcromormyeckuii anHanus
(OTOMOBpEKICHHON KOXH MOKa3bIBaeT
3HAUMTENbHBIE M3MEHEHHd B JepMe, BKIOYas
nepectpoiiky ECM  (22) wu  QopmupoBanue
conHeuyHoro 3iacros3a (20, 23, 24). Oonyuenue Y -
A, KOTOpBIH MPOHUKAET BHYTPb JAEPMbl, HHULIMUPYET
JIABUHY MOJIEKYJIIPHBIX M KJIETOYHBIX OTBETOB, TEM
CaMBbIM SIBIIAACH MPUYUHON OOJILIIIMHCTBA
XPOHUYECKUX IMOBPEKICHUN Koxu. MHIynupyemsie
MMP (25-27), cepuHOBBIE NpOTeasbl (HAMpHUMeEp,
anacrasa HeEWTpoduioB), 3nacraza (uOpPoOIaCTOB
(28), cBobomubie pamukansl, ADPK wu  dakrop
MMUTMEHTHOW KCEpOAepMBbl MPHUBOAAT K AErpajalliu
WIN TOBPSXKIAIOT JAEPMAIbHBIM  KOJUIareH W
komrioneHTel ECM, Hampumep HA, cnocoOcTBys
WHBarMHALMK SMHAEPMHUCA, SBISIOUICHCS TEPBBIM
sTarnoM obpazoBanus MopiuH (29-32). Kpome Toro,
Y® syun  ABISIFOTCS  [OPUYMHOM  HCTOLLEHUS
KJIETOYHBIX W (EPMEHTATHBHBIX aHTHOKCHJIAHTOB
(cynepokcuagucMyTasbl U KaTajla3bl) U aKTUBHPYIOT
HEIPO3HIOKPUHHYIO CUCTEMY, MIPUBOIS K
MMMYHOCYIIPECCHUU u BBICBOOOKICHUIO
HEUPOIHJOKPUHHBIX MenuatopoB. Ha kierounom
ypoBHe Y®-00aydeHHE 3amycKaeT IPOIYKIIHIO
OUTOKUHOB  (33), WHAYIUPYET TOBEPXHOCTHYIO
9KCIIPECCHIO0  aATe3MOHHbIX  Mojekyn (34) wu
BO3JICWCTBYET HAa Takue KJIETOYHbIE IPOIECCHI, KaK
MHUTO3, anonTto3 u Hekpo3 (35). MMP 1 ununuupyer
paciierienue (GUOPHILIAPHOTO KojutareHa Tuma [ u
IIT B nepme, KOTOpbIA B JaldbHEWILEM pa3pyliaercs
MMP 2 u 9 (36). OnnoBpemenHas skcnpeccust MMP
2, MMP 3 u MMP 9 npuBoguT K Aerpaiaiuu
HEKOJUTareHoBbIX ~ KoMmoHeHToB ECM  nepwmsl,
BKJIIOYas ~ TJUKONPOTEMHBI W MPOTEOrTTUKAHBI
0azanmpHON MeMOpaHbl. B crapoii kooxe MMP yxe
MPHUCYTCTBYIOT B OoJiee aKTUBHOM COCTOSHHH,
MOCKOJIbKY YPOBEHb TKaHEBBIX MHTHOUTOpoB MMP B
Takoi Koke cHWKeH (37). bomee Toro, octpoe
obnmyuenne Y®-B mnpuBomuT B TEpBBIE Yachl K
JIETKOMY CHWXeHHI0 ypoBHS HA, a 3atem k ero
VBENTUYEHUIO W aKTUBHOMY OOHOBJIGHHIO B JepMe
(38). MuTepecHo, uTO Takoe yBeIHYEHUE MPOAYKIIUU
HA mpoucxogutr TONBKO TIOCIE€  E€JUHHUYHOTO
obnmyuenuss Y®-B B ymepenHoit no3e (pu ydactuu
HAS 2 wuw 3), B TO BpemMis Kak BBICOKHE
nmoBTOpsoIuecs 1036l Y®-B uHruOupyor 31oT
mpouecc  (39).  BcemeactBue — 3TOro,  KOXa,



mocrapeBmias B pesyiapTare Y D-00ayueHwus,
conepxuT menbire HA, uem momnozgas xoxa (40).

JlononHuTEeNbHBIN  ocTpbiii  dpdekr Y-
o0NydeHHs1 BKIIOYAeT MpsMble BO3JACHCTBUS Ha
KEPaTHHOIUTHI, TaKHe KaK HWHIYKIUS HEKOTOPBIX
unTepneiknaoB (IL) n gakxTopa HEkpo3a OMyXxonu o
(TNF-0)), npuBomsmme K HWHPUIBTPALMA KOXKH
(aronuTamMu, KOTOpPbIE caMH TIO ce0e CEKPETUPYIOT
ot 1mTokuHbl (41). IL-1 u TNF-a yBenmuuuBaior
CKOPOCTb Jerpaaanin MPOTEOTIINTAHOB 17§
WHTUOHUPYIOT ux OMOCHHTE3. TGF-B u
WHCYJIMHOMONOOHBIN (akTop pocta 1 oOKa3bIBaroOT
MPOTHUBOIMONIOKHBIA  d(GEKT, HHIAYIUPYS CHHTE3
MPOTEOTrTUKAHOB (42). YpoBEeHb MPOCTArIaHANHOB H
JIpYrUuX MEQUaToOpoB  BOCHANCHHS, TaKHUX Kak
TUCTaMHUH HW  JedkorpueHsl (43), a  Takxke
IPaHyJIONHUTAPHO-MaKpO(araabHOro
KOJIOHUECTUMYJTHPYIOLIET0 ¢akropa TaKxKe
Bo3pacTaer B orBeT Ha Y®D-oOmyuenwe (44). Ot
MPOBOCTIANTUTENBHBIE ~ MEIUATOPhl  YBEIWYHBAIOT
MPOHHUIIAEMOCTh KaIuJuIsipoB, MPUBOJIS K
WHOUIBTPAIMY U aKTUBAIMHA HEUTPOPHIIOB U IPYTUX
¢daronuTHpyrommx  KIeTtok B Koke.  ROS
MPOAYIUPYIOTCS, TJaBHBIM 00pa3oM, (aroiuTaMu |
MHOTOSIIEPHBIMA ~ TUMQOIUTAMH M SIBJISFOTCS
NPUYUHON OKCHUJIATUBHBIX MOBPEXKJIEHUHN KIIETOYHBIX
OenkoB, *xupoB, yrinesoaoB u JJHK (45). Oguum u3
MEPBUYHBIX COOBITHIA ROS-onocpenosannoro
BOCIIAJICHUS SIBIISICTCS aKTHBAIIUS
TPaHCKPHITIUOHHBIX (akTopoB. SnepHblil dakrop K
B (NF-xB) u aktuBatopueiii Oemok 1 (AP-1) —
TPAHCKPHITIIUOHHBIE (aKTOPhI, KOTOPBIE HIPAIOT
pONb B PETYISIHMH 3KCIPECCHH Pa3HOOOPa3HBIX
TCHOB, BOBJICUECHHBIX B UMMYHHbBIE "
BOCIIATUTENEHBIE OTBETHI, BKITIOYast T'CHBI,
KOJIUPYIOIINE [UTOKUHBI, MaTPUKC-ACTPaJANPYIOIINE
METaJIoNpPOTeaskl, a/Ire3MOHHEBIC MOJIEKYJTHI,
PETYISITOPBI KIIETOYHOTO pocTa, IudepeHInPOBKH
M KIeTouyHoW rubenn  (46). Humynupyemoe
CBOOO/IHBIMU paJIUKalIaMU TIEPEKUCHOE OKHCIICHUE
JUMHAJOB CHOCOOCTBYET YBEIMYCHUIO AKTHBHOCTH
¢dochonumaszsl A, 4TO, B CBOIO O4epellb, MIPUBOAUT K
YCUJIEHHOW TIPOAYKIMH TMpocTarianguHoB (47).
@arouuThl B AAJBHEHLIEM CTUMYJIHPYIOT CHHTE3 U
CEKpeIHI0 KEepaTHHOIMTAMH 3JaiHa - HHTHOUTOpa
aMacTaspl  HEWTPOPHUIOB  UEIOBEKa,  KOTOPBIH
BITOCJIEJICTBUN OrpaHU4MBaCT MOBPEKICHUS,
BBI3BaHHBIC HelTpoduaamu (48).

MoJiekyJsipuble MeXaHU3Mbl 325KMBJICHHSA
paH nocJjie TepMaJIbHOIA, HeTepMAaJIbHOM,
a0NAUMOHHOI W HeadJALHMOHHOW NpoueaypPhI
OMOJIOKEHM S KOKH

CymiecTByeT MHOXECTBO TPUOOpPOB  JUIs
OMOJIO)KEHHSA, KOTOpbIE 3a CYeT paHeHHs KOXHU
MPUBOIAAT K PEMOJEIHPOBAHMIO DJIHAEPMHUCA H
aepmbl.  TpanuunoHHbIE a0ALMOHHBIE J1a3ephl

MOJBEPTaloT aONIIUN BeCh DIUJACPMUC M HYaCTh
JICPMBI, WHAYIHAPYS HMIIPOKOMAacIITabHOE
peMoienupoBaHue KOXH, Tpedyrolee
3HAYUTENLHOTO BpeMeHH peabmimutanuu (1, 2).
Buenpenne AFP u  HeaOnsAlMoHHBIX — J1a3epoB
MPHUBEIIO K 0ojiee OBICTPOMY 3a)KHMBJICHHIO PaH, XOTS
MIPH 3TOM CYIIIECTBEHHOE KOJIMYECTBO KOXKH IETICBOI
obylactu ocraercs HeoOpaboTaHHOW. AOJAIMOHHAS
nundoBka koku ¢paknnonHeiM CO, nmn Er:YAG
na3zepom HWHAYIHAPYET KOHTPOJIHPYEMOe
KoJUTaTepabHOE HAarpeBaHUE JEPMBI psiaoM ¢ MAZ
(49). KouTtpomupyemsrit B MPOCTPAHCTBE
TEeMIIEPaTypHBI  CTpecc  SOUAECPMAIBHOIO U
JIepMallbHOrO  KOMIIAPTMEHTOB ~ TPUBOJUT K
YCUJICHHOMY 32)KUBJICHUIO PaH U, B KOHEYHOM UTOTE,
K pe-3MUTENN3aUU U PEMOIETHPOBAHUIO AepMBI (3-
7).

B nanpHeinieM UIT OMOJIOXKEHHUSI KOXKH C
Henplo  ocnadiieHust  MOOOYHBIX  APPEKTOB U
YKOPOUEHHUSI BPEMEHHU PeaOHINTAIlMK OBLIH CO3IaHbI
pasnuyHble HEAONSAIMOHHBIE JIa3ephl W HMCTOYHHUKH
cBeroBoro wuanydeHus. OHU  BO3JCHCTBYIOT Ha
mporiecc 32)KUBJICHHS paHBbI MOCPEICTBOM
TEPMaILHOT'O 17§ (hOTOTEPMOTHTHIECKOTO
MOBPEXKICHUS, KOTOPOE HE TPaBMHUPYET HIIM TIOYTH
HE TpaBMHpYET OKpYXKalolxe TKaHU. TerioBoe
HeaOJISAIUOHHOE (hOTOOMOJIOKECHUE 0OBIYHO
3aKIIOYaeTcss B OTPaHUYCHHOM,  BBIOOPOYHOM
TEPMAILHOM  TIOBPSKICHUU  COCOYKOBOTO U
PETUKYJISIPHOTO CJIOS  JepMbI  Oe3  yiiepba yis
SMHJEpMICa, KOTOPOE TMPHBOAUT K AaKTHBAIUH
¢ubpo0IaCTOB M CHHTE3Y HOBOro KouiareHa (50-52).
[TpuGopbl AN MUKPOWTIIOBOH TEpamvy BBI3BIBAIOT
HeceIeKTHBHOEe MUKPOTpaBMHIpoBaHue. B HacTosmee
BpeMsi  OCTaeTCs  HEW3BECTHBIM, 3aBUCHT  JIH
3¢ (HEKTUBHOCTh KOHKPETHOI'0 METOJa OMOJIOKCHHS
KOXKH oT CTETICHH MUKPOTPaBMHUPOBAHUS,
COMPOBOXKIAEMOTO HMJM HE  COMPOBOXKIAEMOTO
MOBPEXKJIEHUEM W  HarpeBaHUEM  JITHJCPMHCA.
OcHOBHEIE MOJIEKYJISIpHBIC WU3MEHEHUS,
MPOUCXOSAIIME B DIUJCPMUCE U JiepMe, 10 KOHIIA HE
BBISICHEHBI, HO JIOKa3aHO, YTO 3HAYHUTEIBHYIO POJb
urpato takue paxropsl, kak HSP70 u HSP47, TGF-b,
MMP, HAS, Hyals u HA (5, 8-11).

Jleuenne pa3nMUHBIME Ja3epaMH yCHUIINBAET
skcnpeccuto Oenka HSP70 B smupepmuce BOKpYr
MHUKPOCKOITMYECKMX 30H TEPMAILHOTO TTOBPESKIACHUS
(uepe3 2-48 wacoB Tmocie TMpoUeaypsl) U B
CTPYKTypax  JCpPMbI, B  YacCTHOCTH,  BOKPYT
KPOBEHOCHBIX COCYJIOB, BOJOCSHBIX (DOJUTUKYJIOB U
CalbHBIX JKene3 (mmomueri masep: 815 vm, 1,5 BT,
JUTMTETTLHOCTh UMITyJIbca 3 ¢, MOTOK dHeprum 145
Jlx/em® (9, 53) unu HeaGNALMOHHbIH (PAKIHOHHbIIL
muoAHbId gasep: 1500 uwm, sueprus 5 mJx/MTZ,
1600 MTZs/cM?) (4). Micrionb3ys SKCIIAHTALMOHHYIO
MOdenb, MBI MOKazaad, uro Oemok HSP70
aKTHUBHpYETCS  HpH  JIYCHUH  (PAKIHOHHBIM



abmsuuonHeiM TepMmanbHbiM CO, mazepom (10600
uM; 50, 64, 100 wmm 300 wm/x; 100-200
a0JIALIMOHHBIX 30H/CM2), HeaOJIIIMOHHBIM
TepMaJILHBIM Jla3epoM Ha 3poOueBoMm crekie (1540
HM; 4YacToTa CIlieIoBaHHS UMIYIbcoB 1 I, moTtok
sueprun 30 JIx/cM’), HeTepMAIbHOM XUPYPIHIECKOM
neduenun. OgHako, no Bceil Bumumoctu, HSP70 ne
WrpaeT 3HAYUTENBHOM pOIM B PEMOJAEITMPOBAHHH
KOXKH, HHIyIEpoBaHHoro ¢oromonymsuueii (LEDA
SCR: kpacHslii cBer 635 uMm, 40-120 Br/cm®, 40-120
Jx/em’, LEDA SCR: xentslii cBer 585 um, 16-35
Br/em®, 20-100 JDx/cM®) HIH  HCIONB30BaHHEM
npubopa UIE  MUKpPOHMIIIOBOM  Tepamuu (250
mukporpaBm/cm’). AFP  nesennme CO, naszepom
MPUBOAMI K BbIpakeHHOW axTuBaumu HSP70
(moKa3aHO WMMYHOTMCTOXMMMYECKH) depe3 1 u, ¢
MaKCHMYyMOM B TIPOMEXYTKEe BpeMeHU Mexay 1 u 24
yacaMHM TIOCJIe  JIeYEHHs, M  3HAYUTEIbHOMY
CHIJKEHHMIO B TEUEHUE MOCIEAYIOUUX 7 JHEW, BHE
3aBHCHUMOCTH OT 3HA4€HHUS HCIOIb3yeMOW 3HEPTHH.
I[lpuy  neyeHnn  HEAOISIMHUOHHBIM  TEPMAILHBIM
Ja3epoM Ha DPOMEBOM CTEKIIEe WM XHPYPTHUYECKOM
JICYCHUH MAKCHUMAaJIbHBIA YPOBEHb SKCIPECCUU OBLI
HIDKE W JIOCTHTAJNCA TMO3kKe Mo cpaBHeHHMIo ¢ AFP
neuenuem (107, 108). HMMMyHOTHCTOXMMHYECKHE
uccnenopanus 6enkos HSP70 (HSP72 u HSP73) u
HSP72 mauumentoB in vivo nocne AFP nedenuns CO,
JIa3€poOM IIOKA3aJId, YTO CaMblil BBICOKMH YPOBEHb
skcripeccun  HSP70 u  HSP72 B smumaepmuce
HabOmoaercs Ha 3-14-i IeHb Tociie BMENaTenbCTBa
(54). benku TemnoBoro moka HSP — 3t1o ctpeccoBrie
OCNKHM, KOTOpbIe AaKTHBHPYIOTCS BO BCEX THIIaX
KJIETOK, MOJBEPIIINXCS TEMIOBOMY WM JIPYTUM
BHJIaM (U3MYECKOr0 M XMMHYECKoro crpecca (55-
58). OHHU yCHJIMBAIOT CIIOCOOHOCTH KIIETOK OOpOThCS
C HAKOIJICHUEM HENPaBHIBLHO CBEPHYTHIX OEIKOB,
OJHOBPEMEHHO C OTHM obuerdas pedoiauHT
MOBPEXKICHHBIX OCEITKOB MM Yy4YacTBYS B CHHTE3€
HOBBIX OCJIKOB C II€JbIO 3aMelleHus Oe3HaJCKHO
UcrnopyeHHbIX. Takum  oOpazom, Oenku HSP
BOBJICUCHBI B (PyHIAMEHTAJIbHBIE  TPOIIECCHI
KJIETOYHOM pernapaiyy 1 B MPOIecC 3aXUBJIECHUS paH
(59, 60). benmox HSP73 cunTte3npyercsi MOCTOSIHHO, B
TO BpeMs kak cuHTe3 Oenka HSP72, kak mpasuio,
IIPOUCXOJUT TOJIBKO B CTPECCOBOM cuTyaluu. bemok
HSP47 nokamm3yercss B  OSHIOINIA3MATHIECKOM
perukyiaoMe (GuOpoOIacToB, TAe OH, TJIABHBIM
o0pazoM, y4acTByeT B IIpollecceé CHHTe3a W
Tpancopta mpo-al(I) wu  mpo-a2(I)  wemeit
npokoyutarena I (61).  Oxcmpeccus ~ HSP47
ycunuBaercss K 4-7-My JHIO TIOCiie  J1a3epHOro
JICUEHUSI W OCTaeTcsl TMOCTOSHHOM B TedeHue 3-X
MmecsieB (5, 54, 62), cmocoOCTBYs, TEM CaMbIM,
YCUJIGHHOMY  HAaKOIUIGHHIO  TpOKoJlareHa |
komaresa [ u III tumos (63-65). Ypoenr MPHK
npokomiarena [ m Il TuUmoB Takke MOBBILIAETCS,
JocTuras MakcuMmyMma K 21 nmHIO Tociie JISYCHHS |

OCTaBasiCh MOBBIIICHHBIM B TEUCHHE, KAK MUHUMYM,
6 wMmecaueB (64). B rpaHym sMIMOHHOW TKaHH
3a)KMBAIOIIEH paHbl npeodiiagaer koutareH 111 Tuma
(66). Ilo mepe 3akMBIICHHS HaKaIUIMBaeTcs Oolee
JKeCTKUid KosutareH [ Tuma, B TO BpeMs Kak
konuaectBo koywtareHa Il tuma cHmxkaercs (67). B
HaIIeM KIIMHAYECKOM WCCIIEIOBAaHUH
peMolleNMpoBaHie KOXXKHA BCErjla HA4YMHAIIOCh C
BOCCTaHOBJICHUS JIHCPMAILHOTO KOMIAPTMEHTa C
YaCTUYHOMN WJIM TIOJTHOM (B 3aBUCHUMOCTH OT 3HAYEHHUS
MIPHJIOKEHHON 3Hepruu) 3ameHoit MAZ k 14 nHio
MOCPEIICTBOM BHOBb CHUHTE3UPOBAHHOTO
KoHaeHcupoBaHHoro mnpokomnareda III. K 3-14-my
JIHIO KOJIMYECTBO MAKpOo(aroB M TMTAHTCKUX KIIETOK
BOKpyr MAZ Bo3pacraer Takke B 3aBUCHMOCTH OT
3HAYCHUS MPHUIIOKEHHOMH SHEPTHUH. Yucio
MakpodaroB M THTaHTCKUX KJIETOK, BOBIICUCHHBIX B
3aMeIlleHHe 30HbI HEKpOo3a, Ompelenser OyaeT IJin
3a)KUBJICHHE paH A((EKTHBHBIM WM 3aTSDKHBIM, a
TaKXKE YCTAHABJIMBACT Mpeaen aONsluu JIepMbl U
ryOuHbl pemonenupoanus (54). Makpodaru, Tak
ke Kak ¥ (puOpoOIacTsl caMH 1Mo ¢e0e CEKPETUPYIOT
AKTHUBHUPYIOIIME I[UTOKUHBI W POCTOBBIC (DAKTOPHI
(68-71).

Cpenu Takux (aKTopoB pOCTa MOXKHO
HazBath ¢aktop TGF-B, xortopeli monroe Bpems
cuuTancs  Haubojee  BaXXHBIM B IIPOIECCE
pemoaenupoBanus TkaHei (7, 72, 73). Hekxoropsie
WCCIIEIOBaHUS TIOKA3aJIM UHIYKIUIO WM aKTHBAILIUIO
TGF-f1 wu TGF-f2 mnpm pasmuuHeix BHIAX
HeaOJIAIMOHHOTO JTa3epHOoro JieueHus (8, 74) uepes 2
JHSI TIoclie OOJy4eHUs, B TO BpeMsl KaK JKCIPECCHUsi
TGF-B3 Bo3pacraer uepes 14 nHe#l, compoBoxmas
oOpazoBaHHWE  BOCHAIUTENBHOTO  HH(HIBTpaATa.
VYposenb MPHK TGF-B1 pesko Bo3pacraer B
TedeHue 3-x auer nocie nummdorku CO, nazepoM u
OCTaeTcsl TIOBBIIICHHBIM B TEUEHHE, KaK MHHHUMYM,
28 nmueit (64). Ilpu m3ydeHMH SKCIUIAHTAIIMOHHOM
MOJIETT M B XOJI¢ KIIMHUYECKHX HCCIETOBAHUN MBI
nokazanmy, uto Odkcmpeccuss TGF-B  ananornuna
skcnipeccun HSP70 m gocturaer MakCHMaJIbHOTO
3HAYeHHs] B MPOMEXKYTOK BpeMeHH Mexay 1 4 u 3
nasmu nociie AFP. Bonee toro, nabekuus TGF-f3 B
nepmy uHaymupyer HSP70 HezaBucumMo ot gazepHOU
TEpanuy, BBHITOTHSIS (QYHKIHIO MOJOKHUTEIHEHOTO
koutpons (107, 108). TGF-B crocobcTByer cunTe3y
TaKUX KOMIIOHEHTOB MaTpHKca, Kak (hPHOPOHEKTHH
(75, 76) wu xomiaren (77), TpaHchopMaIMK
muodudpodmactoB (73, 78), UMMyHOMOIYJIAIUH,
aHTUOTEHEe3y W peakluH TerioBoro Imoka (79).
[Mocne ceszpiBanms TGF-P co cBoMM perentopoM Ha
MOBEPXHOCTH KIIETKH MPOUCXOAT
¢dbochopunupoBanue [ATOIJIa3MaTHICCKUX
MenuaTopoB (Smad2 wnmm Smad3) u oOpazoBanme
reTepoIMMEPHOro KOMILIEKCa ¢ OOIIUM MEAHaTOPOM
Smad4. Dror TrerepoauMep IepeMelnaeTcs B
KJIETOYHOE SI/IPO, CBSI3BIBACTCS C IPOMOTOPAMH T'CHOB



n ocymectBiuger TGF-B-3aBucumyro perynsuio
rearoit skcrpeccun (80, 81). PaznuuHbie IUTOKHUHEL,
HanpuMmep, TNF-o, OJIOKHpPYIOT CHTHANBHBIH TYTh
TGF-B/Smad mnyrem akruBanmu c-Jun N-KOHIIEBOH
KHHA3bl, BEICTYIAsA, TEM caMbIM, aHTaroauctom TGF-
B1, xoroperit aktuBupyer koymtared [ u 11l tuna u
(UOpPOHEKTHH B ¢$ubpobacrax (82-84).
[oseimennsnii  ypoBenb MPHK TNF-o u IL-1f
HaOIo/IaeTcss B TEYEHHE MEpBBIX 3-X JHEH mocie
JIe4eHus, a 3aTeM Ha 6-8-i1 1eHb OH PEe3KO CHIKAeTCA
(64).

VYpoenr MPHK  MMPI,  ¢epmenra,
KaTaJH3UPYIOIIEro TMEpBBIH  dTal  paclIeTIeHUs
KOJIJIareHa, TOBBINAJCS B TEpBble 3 JHSA TIOCHe
tepanuu CO, na3epoM, JOCTUTAst MAKCUMyMa K 7-My
JHIO U CHIDKaACh B TEUEHHE 2-X TMOCIEIYIONIUX
Hezlenb. AHAJIOTMYHYIO IUHAMHKY HMeENT YpPOBEHb
MPHK MMP3, xomupytomeld ¢epMeHT, KOTOpBIH
pacIeruigeT 4YaCTUYHO pPACUICTJICHHBINH KOJIareH |
apyrue OeIKH MaTpHKca, Takue KaK
MPOTEMHOTTIUKAaHbl M 37macThH. YpoBeHb MPHK
MMP3 OwicTpo BO3pactanm Ha 2-7-if JeHb U 3aTeM
pE3KO Majai B TEYEHUE MOCIIEeNYIoNIed Heaenu. XoTs
ypoBerb MPHK MMP9 Taroke Bo3pacrain k 6-mMy IHIO
rmocie jgedeHus, B oranure or MMP1 u MMP3, on
OCTaBajCsl TMOBBIIIEHHBIM (OKOJIO MAaKCHMAaJIbHOTO
3HAYCHUS) B TCUCHUE, KAK MUHUMYM, 28 THEH mocie
NUTMQOBKY, Y4YacTBYS B OCTAaTOYHOW Jerpajainuu
(parMeHTOB  KoJlareHa, oOpa30BaBIIMXCA  TPH
neiictreun MMP1 (64). Ypoeur MPHK MMP13
BO3pacTaeT B 3aMEMJIEHHOM TEMIle, JOCTHTas
MakcCuMymMa K 14-My [AHIO — TIOCiE JICUEHUS U
CHIDKaACh B TEUYEHHE TMOCIEAYIOIUX 2-X HEeIelNb,
OCTaBasACh ellle ciiera MOBBIIIEHHBIM Ha 28-i1 neHb
nocine 1uHdoBku. CymecTBYIOT JI0Ka3aTeIbCTBA,
yro MMP13 BOBII€UeH B pemMoOIeNUpPOBAHHE BHOBb
CHHTE3UPYIOIIETr OCs KOJIareHa, KOTOpOe
MPOMCXOIUT Ha TMO3IHUX CTAIUSAX 3aKUBJCHUA paH
(89).

HA, rtaxke Ha3piBaeMass THaJIypoOHAHOM, -
3TO BBICOKOMOJIEKYJISIPHBIM  YIVIEBOJHBIM IOJIUMED
(600-1000 x/la), KOTOpBIN SBISIETCS HEOTHEMIIEMOM
YacThl0 BHEKJIETOYHOTO MaTpUKca OHIHIEpMHUca |
nepMmbl  (86). CylecTByeT yCTOMUYMBBIN —OaslaHC
MEXJly ero CHHTE30M U jaerpagaiueii. CKopocTb ero
oOMeHa B Jaepme cocraBisger 1-2 mHsA. B koxke
YyeloBeKa  CyIIecTByeT Tpu Tuna  (QepMeHTa,
cuntesupytomux HA (HASI-3), u Tpu tuma
¢depmenra,  pacmemsromux  HA - (Hyall-3).
®dudpobmacTel  nepMbl  mornomaror HA npu  ee
CBSA3BIBAHUM CO CBOMM OCHOBHBIM pELENTOPOM
CD44, nocne dero mpoucxomutT aerpamamus HA B
mm3ocomax. Hyal-1 pacmennser HA Ha OGonee
Menkue gparmentsl, Hyal-2 - Ha ¢parmenTsl Maccoit
10-20 x/la (86, 87). Hosweie wMomekynsl HA
cuntesupyores pepmentamu HAS. Monekynsr HA
JEeNATCS Ha MOATHIBI, B 3aBHCHUMOCTH OT HX

JIOKaJIHM3aluid B JIEpMAIbHOM KOMIIAPTMEHTE W HX
pasmepa. HAS-1 u HAS-2 npoayuupyioT caxapuist
maccor 200-400 kJla, HAS-3 — maccoit 40-250 x/la
(88). Ilocne aeueHUst PPaKIIMOHHBIM AOJAIHOHHBIM
Er:YAG nazepom  HaOmromaroTcs — HeOOJBIIHE
n3menenust yposuss HAS u Hyal, uro mpuBogur k
n3menenuto cuntesa HA. Poct comepxanus HA B
KOXe MOXKeT OBITDH ompesencH
UMMYHOTHCTOXUMHUYECKH.

3akiIl0ueHue U ePCIEKTHBBI

XOTSl OCHOBHBIE MOJIEKYJISIpPHBIC W3MEHEHUS,
BO3HHMKAIOIIME B OTBET Ha aONSAIMOHHOE W
HeaONAlMOHHOE, a  Takke  TepMajbHOe |
HeTepMalbHOE OMOIIOKEHUE KOXH JI0 KOHIIA elle He
BBISICHEHBI, HCCIICIOBAHUS TIOKA3BIBAIOT, YTO BAXKHYIO
poib B Takux m3MeHeHusx urparor HSP70 u HSP47,
TGF-B, pazmuunsie MMP, HAS, Hyals u HA. B
JanbHerIIeM ObUTO OBl HHTEPECHO M3YYHTh, K KaKUM
MOJIEKYJISIPHBIM HM3MEHEHHSM TIPUBOJT DPa3UYHbIC
PEXUMBI JTa3epHOTO JiedeHus. Takoe HcclieoBaHHUE
CIOCOOCTBOBaNIO OBl ONTUMH3AIMKA  MPOTOKOJA
JedeHus,  Omaromaps — JydlmieMy — [OHUMAaHHIO
MOJIEKYJISIPHBIX W3MEHEHUH, 1 BO3MO)KHOCTH BIIHATH
Ha HHX. Takke HEOOXOIUMO OIPEACIUTh, KaKOM
npubop, YpOBEHb aONAIMH M TEPMabHOTO
MOBPEXICHUS OYAyT MaKCHMAaJIbHO CTUMYJIHPOBATH
HEOKOJIJIareHes.

Kaxercsi, 4ro st JOCTHIKEHUS XOPOIIEro
KITMHUYECKOT0 s dexTa MIPOAOIKUTEIBHOCTh
UMITYJTbCa SIBIISICTCS CaMbIM pelaronmm
napamerpoM. [Ipu Oonee UIMTENTFHOM HUMITYJIBCE
KOKe Trepenmaercss Oonbplie Temia, npu  Oolnee
KOPOTKOM - wenpmie. CIUIIKOM — CHIIBHOE
HarpeBaHUE MOXKET BbI3BATh 0Opa3oBaHUE PyOIIOB.

Uzyuenne npyrux (paxkTopoB, BIMSIONMX Ha
MPOIIECC 3)KUBJICHUSI PaHBI, TAKKE MOXKET OBITh
MOJIE3HBIM JUISL Pa3BUTHS JIA3€PHOTO OMOJIOKCHUS
Kok, OnHuM U3 Takux (akTopoB sBisercs [3-
KaTeHWH — KJII0YEBOH KOMITOHEHT CHUTHAILHOTO ITyTH
Wnt, KOTOPBIN aKTUBUPYETCS IPU 3a’KUBJICHUU PAHBI
Wid B OTBeT Ha obOmyuenue. OH ¢dopmupyer
TPAHCKPHITIMOHHO aKTHBHBIH KOMILIEKC C YJICHAMH
cemeiictBa (akTopoB T-KIIETOK, yBeTHUYHBAsT pazMep
U ymuciao (GuOpoOIACTOB W 3ammyckasi 3KCIPECCHIO
TCHOB-MUIIICHEH,  KOMUPYIOIMX  BHEKJICTOYHBIC
crpykrypubie Oenku (89, 90). Mx ypoBeHb umeer
MOJIOKUTENFHYI0  KOPPEISIIHI0  C  TIPEACIoM
MPOYHOCTH PAaHbl U YPOBHEM DKCIIPECCHUU KoJlareHa
I Tuma B koxe (91) (Puc. 1).

TenacumH — 53TO0 O€JIOK BHEKJIETOUHOTO
MaTpHKca, KOTOPBIii UHIYLUpYyeTcs pu
nponudepanun 3MUJEpMHUca BO BpeMs

runepnpoindepaTuBHBIX O0JIE3HEH KOXKH, TAKUX KaK
nicopuas (92-94), a Taxoke BO BpeMs 3aKHUBJICHUS PaH
(94). beun caenaHpl MPEATIONOKEHHUS, YTO TEHACITUH
YCHJIMBA€T MUTPAIMI0 KEPaTHHOLMTOB, BHICTyMAas B



KayecTBE MOJIEKYIBI, TPWIHIAIONIEH K cyOcTpary,
MpH Pa3BUTHH M pEreHepalud SIHJICPMATbHBIX U
amHEeKCANbHBIX  CTPYKTYp  (95-97). Temnacnun
OTJINYaeTCS o CTPYKTYype oT IPYTUX
rmukornporenHoB  ECM,  xors  Habmromaercs
romonorust  Mexnmy ero kJHK u  xJIHK
¢ubpoHekTrHa, (QUOpUHOreHa M BNHUICPMATHLHOTO
¢dakropa pocra (99). Okchnpeccus TEHaCIMHA
peryaupyeTcs Mpu MOMOIIN Pa3IHYHBIX MEXaHHU3MOB
(93, 98). B HOpManpHOW 4YEIOBEYECKON KOXKE OH
MOXET OBITh OOHAPYKEH B COCOYKOBOM CJIOE JEPMBI
noj; 06a3anbHOM TUIACTUHKOW M psioM ¢ 0a3asibHON
MeMOpaHoH (93, 100). Ycunennas u
MPOIOJDKUATENbHAS IKCIpeCCHust TeHacluHa
HaOmoaercs yepes 48 yacoB mociie cockoOa JIMIKOM
nentor unu Y ®D-B-o6myuenus. Takoil NOBBIICHHBIH
YPOBEHb DKCIIPECCHU COXpaHsieTcs B TedeHue 14
nueit (92, 101) (Puc. 1).

Yepes HECKOIBKO YacoB TIOCIIE TTOBPEIKACHUS
napaieNibHO ¢ PEeMOJENHpPOBaHUEM  JEPMBI
HAYMHACTCS PEe-3MUTENN3aIUs, KOTopas Heo0Xoauma
UL 3aKpBIBAHUS nedexToB TKaHeH 17§
BOCCTaHOBJICHUs OapbepHor (pyHkumu (102). IMocme
MOBPEXKACHUS ~ HM3MEHSIOTCS ~ MEXKICTOYHBIE U
KJIETOYHO-MaTPHYHbBIC B3aMMOJICHCTBHUS, TIPOUCXOTUT
peopraHm3aiusi IMTOCKENeTa, BCICACTBUE YEro
KepaTHHOIUTEI HAa  Kpalo  paHbl  CTaHOBSATCS
MOJBMKHBIMU W PACIUIACTHIBAIOTCS MO TMTOBEPXHOCTH
paubl (103, 104). M3meHeHUS, TPOUCXOIAIINE HA
Kparo 3a)KHBAONICH paHbl, HAITOMHHAIOT HEKOTOPHIE

0COOEHHOCTH SMUTETNATbHO-ME3EHXUMAIEHOTO
nepexoga (EMT), xoTopelii MPOMCXOAUT BO BpeMs
SMOPHOHANIBHOTO  pPa3BUTUS W BO  BpeMms
METAacTa3MpOBAHMS  3JIOKAUYECTBEHHBIX  OIyXOJen
(105). IIpomecc EMT xapakrtepusyercs moTepeit
MEXKJIETOYHOU aaresuu, OIIOCPEI0BAHHOMN
aJre3UOHHBIMH  KOHTakKTaMH M JEeCMOCOMaMH,
MoTepel  TMONAPHOCTH, YBEIUYEHHEM CEKpeIHH
MpOTeNHa3, Jerpaaupyoumx KommnoHeHTsl EMC,
3aMeHOon KEepaTHHOBBIX MIPOMEKYTOUHBIX
(¢uIaMeHTOB Ha BHUMEHTHHOBBIE W YCHUJICHHUEM
KJIIETOYHOM  IOJBW)XXHOCTU.  TpaHCKpHUILIMOHHBIE
(dakTopsl cemelicTBa Snail H3BECTHBI KaK PeryssTOpbI
EMT Bo Bpema  pasButua.  CyliecTByioT
JIOKa3aTeNbCTBA, YTO TPAHCKPHIIIIUOHHBIN (PaKTop
Slug  (Snail2)  momymupyer  EMT-monobOHbie
MIPOIIECCH] B KEPATHHOLIUTAX, BKIIIOYAs UX MUTPALIHIO
u 3axuBieHue pan (105). Dkcnpeccus dakropa Slug
HAa Kpaw paHbl in Vivo u In Vitro JOCTHATaer
MaKCHMAaJbHOTO 3Ha4YeHHd uepe3 72 wyaca Tmocie
paHeHMs, TOAABJsAs TNpPU D3TOM DdKcrpeccuio E-
Kaarepuna u kepatuna 8 (106).

Msbl  uccrienyeM — KIETOYHBIE  KYJIbTYPHI
KEepaTHHOIUTOB U (UOP00IaCTOB MOCIIEC O0IyUSHHMS C
LIENTbI0 KOJIMYECTBEHHOT0 W Ka4eCTBEHHOTO aHajIH3a
WX LUTOKHHOBOrO mpoduis. PedynapraTel 3THX in
Vitro WCCIeNOBaHUHA MOTYT OBITh HCIOJNB30BaHBI B
JaJbHEeNIIeM pu 9KCIIEPUMEHTaX Ha
9KCIUTAHTAI[MOHHOM MOAETH U U1 HCCIeIOBAHHIMA
3a)KUBJICHUS PaH in vivo.
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Puc. 1. Ponp P-kaTeHWHa M TEHACIMHA B MpOIECCE 3aXKUBJIICHUS paHbl MU NpU 0OMydeHWH: P-karteHuH () u
rutakoraooun (Pg) cesizpiBaercs ¢ MUTOMIIA3MATHYECKUM JJIOMEHOM TPaHCMEMOpPaHHOTO KaJrepuHOBOTO pelenTopa
aAre3ud M TOCPEICTBOM O-KaTeHHHA (0L) CBS3BIBACTCS C AKTHHOBBIM IIUTOCKENETOM, (OPMHUPYS ajare3uOHHBIC
koHTakThl (AlJ). Korma curHanbpHbiii myTh Wnt HEAKTHBEH, IMTOIUIA3MATHYCCKUN MyN [-KaTeHHHA JCTPagupyer
MpH TOMOIIM MOJIEKYJISIPHOIO KOMILIEKca, BKIIoUaromero Oemnok ajgeHomaro3Horo nonumno3a (ACP), akcun, a
takke kazenH kuHazy 1 (CK1) u xunaszy ramkoreH cunTtasel 3 (GSK), xoropeie dochopunupyioT B-KaTeHUH
(PPPP). CeszeiBanne Wnt ¢ Frizzled penentopom (Frz) u ero kopenenropom LRP aktuBupyer curHanbHbIN MyTh
Wnt. Oto unaynupyer Dishevelled (Dsh)-omocpenoBannoe wHrnoupoBanue ¢ochoprIupoBaHusS [-KaTCHUHA
GSK, TeM caMbIM OJOKHpYs Jerpajaiyio 3-KaTeHHHA U CIIOCOOCTBYS €r0 HAaKOIUICHUIO W (DOPMHPOBAHUIO B Spe
komIiekcoB ¢ (akropom T-kierok (TCF). DT KOMIIEKCHI aKTHBHPYIOT T'€HBI-MHIIEHH, KOTOPHIC KOTUPYIOT
koutareH | Tuma u Oenku BHekierouHoro marpukca (ECM). MemneHHoe ycuiieHHE SKCIPECCHH TEHOB B
KEpaTHHOIUTAX Y Kpasi paHbl IPUBOIUT K PACIUIACTHIBAHUIO KIIETOK, Pa3pyIICHHUIO JIECMOCOM U MOCIEAYIONIeH pe-
SMUTENN3AIUH PAHBL
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