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ABSTRACT

Skin aging is a complex process composed of sequential phenomena
which lead to structural and functional changes. There are many path-
ways leading to photoaging, but their mechanisms are not well eluci-
dated. Matrix metalloproteinases are a family of proteases known to
degrade collagen. Aged skin is accompanied by higher metalloprotein-
ase production, leading to degradation of extracellular matrix. Another
pathway of aging is the complex TGF-B/Smad. Transforming growth
factor-f is the primary regulator of collagen synthesis in skin. It has
been reported that UV irradiation impairs TGF-B/Smad signaling
through downregulating the transcription. In recent literature cathep-
sins and progerin are the newest proteins reported to be involved in
aging. Cathepsins are a group of proteases with collagenolytic and
elastinolytic activities, but their role in photoaged skin is only partially
known. Progerin is an abnormal form of lamin A. In recent studies, it is
noted for its participation in the process of skin photoaging.

STRESZCZENIE

Proces fotostarzenia skory polega na wystepowaniu sekwencyjnych
zjawisk, ktére prowadza do stopniowych zmian w jej strukturze i funk-
¢ji. Znanych jest wiele $ciezek uszkodzenia skory, jednak wcigz nie sg
one w pelni poznane. Enzymami proteolitycznymi, ktére maja zdol-
nos¢ degradacji kolagenu i widkien elastycznych, sa metaloproteinazy.
Ich aktywnos¢ jest modulowana gléwnie przez tkankowe inhibitory,
a indukcja ekspresji pod wplywem promieniowania ultrafioletowego
jest jednym z gléwnych zjawisk patogenetycznych fotostarzenia. W ba-
daniach stwierdzono istotny udzial transformujacego czynnika wzro-
stu B (TGF-B) w nasileniu syntezy kolagenu. W starzejacej sie¢ skorze
obserwuje si¢ zmniejszenie syntezy kolagenu poprzez uszkodzenie
Sciezki sygnatu TGF-B/Smad. Katepsyny sa grupa proteaz o wtasciwo-
Sciach kolageno- i elastolitycznych. Zaangazowane sa w mechanizmy
regulacyjne, a ich rola w fotostarzeniu nie jest do korica poznana. Zmu-
towana forma laminy A - progeryna - zaburza ksztatt jadra komoérko-
wego i proliferacje. Powoduje progerie, a takze stwierdzono jej udzial
w procesach fizjologicznego starzenia.
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INTRODUCTION

Skin aging is a complex process composed of
sequential phenomena which eventually lead to
structural and functional changes of tissue. The con-
sequence is loss of all the adaptive and protective
mechanisms of the organisms and development of
various diseases such as neoplasms. Aging is a genet-
ically determined process; however, epigenetic and
environmental factors, such as UV radiation (UVR)
[1], xenobiotics, mechanical stress, hormonal chang-
es, and metabolic processes (generation of reactive
chemical compounds, e.g. activated oxygen species,
sugars, and aldehydes), also play an important role
in its pathogenesis. These factors lead together to
cumulative structural and physiological alterations
and progressive changes in each skin layer as well
as changes in skin appearance, especially on sun-ex-
posed areas [2].

Aging is divided into extrinsic and intrinsic types.
The main factor responsible for extrinsic aging of the
skin is UVR. UV-induced skin aging or photoaging
is defined as the premature occurrence of signs of
aging on the skin. It presents with characteristic mor-
phological changes of both the epidermal and dermal
compartment [3]. UV radiation has many harmful
effects on the human organism including skin burn,
suppression of immunity, skin photodamage and
cancer development [4]. Skin erythema, burn or even
suppression of immunity occur a short time after
skin exposure to UVR whereas cancers or photodam-
age develop even many years after overexposure to
UVR, and especially the cumulative dose of UVR is
important. UVR irradiation causes collagen altera-
tion by two mechanisms including direct collagen
breakdown and inhibition of procollagen biosynthe-
sis [5]. Single exposure of skin to an erythemal UVR
dose causes complete loss of procollagen synthesis
which persists for 24 h and recovery occurs after 72 h.

METALLOPROTEINASES

Extracellular matrix is mainly composed of colla-
gen I and III, elastin, proteoglycans and fibronectin.
In skin exposed to UVR we can observe disorganiza-
tion of collagen fibers and deposits of impaired elas-
tin. Additionally there is a decreased amount of col-
lagen I and III precursors and an increased amount
of elastin. The dermo-epidermal junction is flattened
and its function is also impaired [6].

Matrix metalloproteinases (MMPs) are proteolytic
enzymes which have the ability to degrade collagen,
elastic fibers and other proteins located within con-
nective tissue. Their biological activity is modulated
mainly by tissue inhibitors of matrix metalloprotein-
ases (TIMP) [7]. MMPs are classified as collagenas-
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es, gelatinases, stromelysins and membrane-type
MMPs. MMPs are involved in many physiological
and pathological proteolytic events including embry-
ogenesis, wound healing, inflammation, angiogene-
sis and cancer [8]. In numerous studies it has been
shown that skin exposure to UVR induces expres-
sion mainly of three metalloproteinases: collagenase,
92-kd gelatinase and stromelysin 1 [9]. These proteins
are able to completely degrade dermal collagen. The
process is initiated by MMP-1, and when collagen is
cleaved it is further degraded by elevated levels of
MMP-3 and MMP-9 [10].

It was also shown that 24 h after UVR irradia-
tion expression of MMP-8 and MMP-12 is present in
human skin as a result of influx of neutrophils and
macrophages from the circulation. Taking all data
together, the studies clearly suggest that MMP-1,
MMP-3 and MMP-9 are primary UV-inducible colla-
genolytic enzymes initiating degradation of fibrillar
collagens in human skin [11].

TGF-B/SMAD PATHWAY

Transforming growth factor B (TGF-p) is the name
given to a family of multifunctional polypeptides
which consists of three almost homologous isoforms:
TGF-B1, -2, -3. They play a key role in controlling
cellular differentiation and growth. Transforming
growth factor B inhibits cell division of most epitheli-
al cells, and stimulates proliferation of fibroblasts and
synthesis of extracellular matrix components such as
elastin, collagen and laminin. In addition, TGF-f is an
immunosuppressive cytokine with marked inhibito-
ry effects on T, B and NK cells. Transforming growth
factor B has been shown to stimulate expression of
specific integrins (superfamily of heterodimeric ex-
tracellular matrix receptors) which are required to
switch keratinocytes from the differentiating to a re-
generative phenotype [12-15].

UVA and UVB can stimulate and inhibit the pro-
duction of growth factors for melanocytes [16]. It was
shown that UVA and UVB can stimulate TGF-§ in
fibroblasts, which suggests that stroma cells in the
dermis may be involved in the UV-mediated activa-
tion of cells and promote skin tumor development.
Several alterations in skin connective tissue that oc-
cur during aging are mediated by mechanisms that
are similar to those occurring in response to UV ir-
radiation [17]. Thus, skin aging is associated with
increased MMP expression, impaired TGF-f signal-
ing, enhanced collagen degradation, and decreased
collagen synthesis. Literature data indicate that UV
irradiation blocks cellular responsiveness to TGF-§3
through two mechanisms that impair TGF- recep-
tor function. The primary mechanism is down-reg-
ulation of TGF-f RII, and the secondary mechanism
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is induction of Smad7. UV irradiation impairs the
TGF-B/Smad pathway and leads to reduction of type
pro-collagen production in adult human skin fibro-
blasts [18]. UVR impairs the TGF-f/Smad pathway
through transcriptional down-regulation of TRII, and
this impairment is primarily responsible for reduced
procollagen synthesis in human skin fibroblasts [19].

CATHEPSIN K

Cathepsins are a group of papain-cystein proteas-
es with collagenolytic and elastinolytic activities that
are involved in various aspects of extracellular ma-
trix turnover. Several cathepsins, including cathep-
sins L, Kand G, have been described to be expressed
in skin or skin-derived cells [20].

Cathepsin K depredates collagen and extracellu-
lar matrix. Under normal conditions it is involved in
bone resorption by osteoclasts. Recent data indicate
the role of this protein in degradation processes in
many organs including skin. In single papers it was
revealed that increased expression of cathepsin K oc-
curs during cicatrisation, skin photodestruction and
tumors [21, 22]. Other studies showed that cathepsin
K is mainly expressed in BCC tumor adjacent tissue
and, only in invasive forms of BCC, its expression
may also be observed in tumor cells. This phenom-
enon may be responsible for tissue infiltration and
rare metastasis. Studies performed in vitro in fibro-
blast culture showed the role of UVR in modulation
of cathepsin K activity with subsequent degrada-
tion of extracellular matrix. Immunostaining of cul-
tured skin fibroblasts incubated with labeled elastin
demonstrated internalization of extracellular elastin
to lysosomes and its degradation by cathepsin K. In-
duction of its expression in fibroblasts was observed
both in vitro and in vivo after exposure to long-wave
UVA. In contrast to fibroblasts from young donors,
cells from old donors failed to activate cathepsin K
in response to UVA [23]. These data suggest a role
of intracellular elastin degradation by cathepsin K in
the formation of solar elastosis [24].

PROGERIN

The studies on genetically conditioned Hutchin-
son-Gilford syndrome (progeria) showed the pres-
ence of a mutated form of lamin A (the main protein of
nuclear matrix), progerin, which leads to deformation
of nucleus shape and impairment of cell proliferation
[25, 26]. In young healthy subjects progerin expres-
sion is observed in papillary dermis and around the
basement membrane zone, while in elderly subjects
its expression is also presented in reticular dermis.
This is the reason why progerin expression may be as-

Przeglad Dermatologiczny 2016/2

sessed as a molecular marker of physiological skin de-
struction. Accumulation of progerin has been shown
to affect many aspects of cellular damage responses,
including DNA repair and damage signaling [27].

Progerin accumulates in nuclear lamina during
the differentiation of keratinocytes in aged skin and
contributes to the delocalization of heterochromatin
clusters away from the nuclear periphery, thereby
contributing to genomic reorganization and causing
the clinical sequelae that characterize old age [26]. In
the study performed in vitro by Takeuchi and Riinger
[26] it was demonstrated that fibroblasts from older
donors exposed to UVR accumulated more nuclear
progerin than neonatal fibroblasts. It has also been
shown that exposure to UVA, but not UVB, induces
progerin expression in neonatal and aged fibroblasts.
Progerin intensity and distribution differ with age. In
our study (data not shown), its distribution was sim-
ilar in the elderly people and those after 1 week’s ex-
posure to UVR. These data suggest a new pathway of
photoaging. We have shown that 1 week’s sun expo-
sure in healthy individuals is enough to significantly
increase expression of the protein in human dermis.

As progerin appears to be a cellular aging bio-
marker for dermal fibroblasts and keratinocytes of
normal individuals, so we may suspect that Hutchin-
son-Gilford progeria syndrome (HGPS) may indeed
be a useful model of physiological aging. Strate-
gies already tested on HGPS cells, such as farnesyl
transferase inhibitors, might be useful in preventing
normal aging and possibly slowing progression of
age-related pathologies [28].

CONCLUSIONS

Photoaging is a complex process determined both
by genetic and environmental factors. Ultraviolet
radiation (UVA and UVB) plays a very important
role in premature skin aging as it can modulate ex-
pression of various proteins such as metalloprotein-
ases, cathepsin, TGF-B and progerin, which in con-
sequence leads to rebuilding of extracellular matrix
with predominant degradation of collagen. New
strategies of prevention of photoaging should focus
on maintaining the balance between specific proteins
and restoring collagen deposits.
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