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Photodamage is defined as changes in the skin that occur after prolonged exposure to solar irradiation.
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light devices, such as ablative lasers, nonablative lasers, fractional lasers, and radiofrequency ablation. In this

review article, we discuss the different aspects of photodamage with a focus on photoaging, the possible

mechanisms, and the available modalities of prevention and management.

hotodamage refers to the changes in the
skin that occur after prolonged exposure to
UV irradiation. Photoaging refers to altera-
tions in the skin that resemble the effects
of age caused by sun exposure. Aging is a
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constant and inevitable process, wherein intrinsic aging
and photoaging are 2 independent clinically and bio-
logically distinct processes that simultaneously affect
the skin. Intrinsic aging is composed of slow, irrevers-
ible tissue degeneration while photoaging (extrinsic
aging) is a result of exposure to outdoor agents, mainly
UV irradiation. The effects of UV radiation (UVR) on
skin are profound and are estimated to account for up
to 90% of visible skin aging.!? It has been studied and
demonstrated that UV irradiation inhibits the synthesis
of collagen and induces collagen degradation.>*

Not only can excessive solar exposure accelerate and
intensify skin aging, it also can lead to serious health
risks such as cutaneous neoplasms. UV radiation is a
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complete carcinogen, as it not only initiates cancer
through DNA mutation but also promotes cancer
growth through the inflammatory processes inherent
in cumulative UV exposure.'” It is estimated that 90%
of all skin cancers are directly related to sun exposure.®
About 90% of skin cancers are diagnosed at 45 years
of age or later.” Marked increases in all skin cancer
rates have been observed in the past 2 decades, which
coincides with the arrival of the “baby boomer” genera-
tion into middle age. Baby boomers are a generation
produced by a post—-World War II surge in the US
birthrate between 1945 and 1965 and constitute a
cohort of the American population that is believed to
have fueled the development of commercial products
that could reverse the signs of intrinsic skin aging.
This can be attributed to the baby boomers’ inclination
to preserve their youthfulness and attitude of denial
toward aging and death.?

But the sun-seeking behaviors of these baby boomers
have been implieated in a in skin rates.’ T

However, only 6% of dermatologic visits concern skin
cancer.!! Therefore, in addition to the cosmetic benefits,
inggand managing the more seri

i ion [t0 photeaging

s aspects of

PATHOPHYSIOLOGY
Photodamage derives from the derangements induced
by UVR. The onslaught of biochemical reactions and
photon-induced damage that occur in the epidermis
and dermis translate to the visible manifestations of
wrinkles and pigmentary abnormalities. The main facet
of wrinkle formation is damage to and remodeling of the
extracellular matrix caused by matrix metalloprotein-
ases (MMPs) and other proteases. Matrix metallopro-
teinases are naturally existing molecules whose function
is to remodel the extracellular matrix during times of
skin development and wound healing.® Matrix metallo-
proteinases have affinities toward specific components
of the dermis and epidermis. The constituents of the
dermis include type I and III collagen, elastins, proteo-
glycans, and fibronectins. Collagen fibers contribute to
most of the strength and elasticity of the skin.'* Matrix
metalloproteinases-9 preferentially degrades elastin
and fibrillin while MMP-2 degrades collagen type III
of the,dermal-gpi junction.!>1

the epidermis and dermis when exposed to UVR.> UVR
also is able to increase MMP expression indirectly by
ctivation scription factor activator protein 1,

Physiologic Derangements in Photodamage

Altered composition of dermal ECM with disorganized collagen fibers and imperfect repair, leading to wrinkle

formation, decreased skin elasticity, greater skin fragility, and reduced wound healing

solar elastosis??

Diminished number of collagen fibers in papillary dermis

in the deeper dermal layers)*

Accumulation of dystrophic elastic fibers in dermis after alteration by MMPs and other proteases, leading to

Reduced expression of fibrillin, an important component of oxytalan (connects superficial dermal elastic fibers to those

Decreased type VIl collagen, which weakens the connection between the lamina densa and papillary dermis*

Abbreviations: ECM, extracellular matrix; MMP, matrix metalloproteinase.
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PHOTODAMAGE
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Additional Components Involved in Photodamage

Factors Affecting

Photodamage Role Mechanism or Action

TGF-B Regulates cell differentiation, growth, UVR down-regulates number of
and repair TGF-B type Il receptors?”
Aids the induction of procollagen and Repression of TGF-B binding to its receptor
fibronectin synthesis in the dermis? is seen in ~90% of photoaged skin?’

ROS Causes connective tissue degradation3° UVR generates ROS in the dermis

Neutrophils and
mononuclear cells

Inactivates naturally occurring tissue
inhibitors of metalloproteinases?'

Causes inflammatory response
release of ROS, cytokines, and MMPs*!

Potentially activates certain proteases,
such as MMP-1 and MMP-9%?

and epidermis??

UVB radiation is most damaging to
the epidermis3*34

UVA radiation penetrates to the dermis,
Si ida tres,

d tio:

create mu n NA disrupt
the function of the mitochondria, and
induce MMPs3¢3°

A mutations can persist for

UVR-activated nuclear factor kB drives
neutrophil attraction*®

Estrogen May be involved in the maintenance of
the extracellular matrix through the
increased production of hyaluronic acid
and collagen*##
Smoking Leads to altered wound healing and

cancer advancement?*

Smokers have 4.7 times more risk for
developing facial wrinkles compared
with nonsmokers*

Smoke extract is able to increase MMP
expression in fibroblasts*

Abbreviations: TGF-B, transforming growth factor 8; UVR, UV radiation; ROS, reactive oxygen species; mtDNA, mitochondrial DNA;

MMP, matrix metalloproteinase.
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and then migrate further down toward the dermis.?
There is an observation of a temporal pattern of the
level of MMP expression, such that it seems to be
maximal after multiple UVR exposures.> A hypothesis
regarding MMP-induced collagen fragments states that
photodamage can lead to the further suppression of
collagen synthesis by fibroblasts.?®?! It has been sug-
gested that the presence of damaged collagen may act
in some way to down-regulate collagen synthesis by
cells that are inherently capable of making collagen?®*!
(Tables 1 and 2).

CLINICAL MANIFESTATIONS
Photodamage from UVR leads to physical manifesta-
tions that cause much distress to patients. Photoaging,
which is photodamage superimposed on natural aging,
has characteristic, sharp features that present in the
younger population. Contrastingly, intrinsic aging has
qualities that are more subtle and present in older indi-
viduals. In intsinsi kin s dry and

age manifest
tion, and decreased elasticity and recoil.***! The ski
becomes more lax, atrophic, and susceptible to bruis-

ing.>’glngaddition, the skin ma telangiecta-

hyperplasia of melanocytes is
a hallmark of photodamage.”® Solar elastosis, which
is yellowing and coarsening of the skin, also becomes
evident in fair skin, especially in the temporal region.*®
In darker-skinned patients, the effects of photodam-
age usually are less severe and present at a later age.*®
Melasma is a common pigmentary disorder associated
with sun exposure and is characterized by well-defined
lesions of hyperpigmentation.®® Although melasma is
related to sun exposure, it also is commonly seen in
the young population, who may or may not be greatly
sun exposed.

The wrinkles of photodamage are coarse and usually
on the forehead and periorbital and perioral areas.”®
These wrinkles also are particular because they do not
efface when the skin is stretched, while effacement is
seen in fine wrinkles.”® Other lesions associated with
chronic sun exposure are seborrheic keratoses, spider
nevi, superficial varicose veins, and acne rosacea.”

Clinically, the effects of photodamage can be clas-
sified into 2 distinct types: Milian’s citrine skin type
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and atrophic, telangiectatic phenotype.”” The Milian’s
citrine skin type is described as deep wrinkles,
decreased tautness, leathery skin, blister eruption,
decreased wound healing, and cutis rhomboidalis
nuchae on the back of the neck. The atrophic phe-
notype contains telangiectasias and has relatively less
wrinkle formation.””

PHOTOPROTECTION

Sunscreen Applications and Covariables
Sunscreens provide protection against UVR and are
measured in sun protection factor (SPF). The SPF
refers to the total amount of UVR required to create
1 minimal erythema dose on protected skin consist-
ing of a 2-mg/cm? area divided by the total amount
of UVR required to create 1 minimal erythema dose
on unprotected skin. The application of SPF 30 with
a 2-mg/cm? thickness film distributed evenly over the
body allows maximum protection against the harmful

Q.am) a VA —340 nm)
c i0 d lifestyles
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UVR absorbed by the skin decreases the likelihood of
obtaining AKs, solar elastosis, and squamous cell car-
rotection factor 15 provides excellent

VB_zadiationbyzappli the

before sun exposure to obtain
should cover the back of the neck, the ears, and hair-
less regions of the scalp. Greater protection against
the sun and longer exposure times can be maintained
with higher SPF products, though they must not solely
be relied on. Enhanced cosmetic appearance can be
achieved by applying sunscreen with a high SPF in
combination with topical agents such as lipstick and
makeup that also contain a sunscreen. Clothing also
can protect against the sun and further prevent pho-
todamage. In general, fabric must be tightly woven
to decrease sunlight penetration. Also, a hat with a
4-inch circumference is enough to cover the entire face
and neck.¢"-¢2

From physiologic and pathologic points of view, the
effects of visible light are different from the effects of
UVR. The sensitivity of visible light on the skin can
lead to diseases such as porphyria, solar urticaria,
polymorphous light eruption, and other idiopathic
photodermatoses. A study suggests that visible light
exposure may increase pigmentation in people with
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Fitzpatrick skin types IV to VI.®* Darker-skinned
patients with postinflammatory hyperpigmentation
and melasma must use a protecting agent against
visible light. Inorganic sunscreen agents (iron oxide,
titanium dioxide, zinc oxide) are less susceptible to
sensitivity and have better light-blocking effects than
organic sunscreen agents.%:6

Although sunscreens are the “gold standard” for UVR
protection and consist of chemicals that prevent ery-
thema, reliable skin protection is never attained. Con-
trolled studies®>® testing the efficacy of sunscreen have
shown that the total surface area to which it is applied
actually is less than 0.5 mg/cm? The application
of sunscreen still causes negative biologic effects in
DNA damage, as noticed in thymine dimer formation
and 8-hydroxy-2-deoxyguanosine formation. Also,
suberythemal levels of irradiation cause the p53 gene
induction and UV immunosuppression.®” The ingredi-
ents found in sunscreen contain free radlcals that, when
activated by
can cause
skin from
matic and

in conjuncti
extracellular tissues within the skin. Nonenzymatic
ant10X1dants include liquid-phase L-ascorbic ac1d

GSH) in the cellul

om
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vitamin E and 1000-fold greater than ubiquinol and
ubiquinone.” Notably, people with AKs or basal cell
carcinoma have lower plasma levels of L-ascorbic acid,
a-tocopherol, and GSH.” The application of topical
antioxidants to protect the skin against oxidative stress
is necessary when the skin is exposed to sunlight.
Direct application is the preferred method versus oral
and diet supplementations for targeting specific areas
of the skin that are deficient in antioxidants.

Antioxidants that are naturally used by the body
are considered great for topical use. These include
vitamin C, vitamin E, ubiquinol, and GSH.

Plants also synthesize several antioxidants
(eg, vitamins C and E, flavonoids) to avoid excessive
oxidative damage. Topical flavonoids, such as the
silybin extract of silymarin, have potent photoprotec-
tive properties capable of preventing photodamage to
the skin. Studies have shown that silymarin promotes
antioxidant reactions, which cause tumor inhibition.
Although the mechanisms of action are unknown,
studies have demonstrated considerable efficacy.”>”
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SPF Scale Ratings

The US Food and Drug Administration has imple-
mented new SPF safety ratings (ie, low, medium, high,
highest UV protection). This system is based on results
obtained from both in vitro and in vivo UVA testing.
Two tests determine the protection grade of SPF: the
first measures the resistance to UVA radiation, and
the second measures the overall ratio of tanned to
healthy skin.®

This is the first in a 2-part series on photodamage. Part 2
will appear in a future issue of Cosmetic Dermatology®.
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