
Commentary
The Translational Basis of Human Cutaneous
Photoaging

On Models, Methods, and Meaning

Alvaro C. Laga and George F. Murphy
From the Department of Pathology, Program in

Dermatopathology, Brigham and the Women’s Hospital,

Harvard Medical School, Boston, Massachusetts

Photoaging is a term coined by Kligman and Kligman1 in
1986 to describe changes that develop after many years
of cutaneous exposure to UV radiation (UVR). It consists
in part of deep furrows (wrinkles), dryness, and alter-
ations in pigmentation. Unlike sunburn and tanning re-
sponses that take hours to days to develop, photoaging
takes many decades; therefore it most often is superim-
posed on chronologically aged skin. Although the patho-
physiological basis for human cutaneous photoaging is
not well understood, a major industry has emerged fo-
cused on its prevention or reversal. By the year 2010, the
anti-aging market is anticipated to account for more than
$16.5 billion dollars in sales.2 Experimental model sys-
tems to better understand the cellular and molecular
alterations that account for photoaging, as well as to
evaluate the efficacy of products designed to prevent or
reverse the related clinical effects and cellular pathology,
are therefore of obvious importance.

Experimental studies of photoaging have been difficult
to design and conduct. Notably, there has been confu-
sion with regard to separating the attributes of photoag-
ing from those that characterize chronological aging. For
example, although both photoaging and chronological
aging are associated with wrinkles, photoaging-induced
wrinkles are regarded by some to be deeper and more
coarse, whereas those associated with chronological ag-
ing are generally more superficial and delicate.3 Interest-
ingly, in at least one seminal study of the human wrinkle,
it was concluded that there was no significant correlative
histopathological abnormality associated with the thin
linear cutaneous indentation that incites such societal
pathos.4

One key histological hallmark of photoaged skin is the
presence of chronic photodamage, usually superim-
posed on alterations associated with chronological ag-

ing. Photodamage in its most basic form consists of the
deposition of abnormal elastin as amorphous, blue-gray
aggregates within the superficial dermis, so-called elas-
tosis. Figure 1 represents a comparison between youthful
skin, skin from an older individual, and photodamaged
skin. Purely chronologically aged skin (eg, the buttock
skin of most octogenarians), on the other hand, shows
dermal and epidermal atrophy without significant elasto-
sis.5,6 Nonetheless, one reason why these two processes
are not clearly separable relates to the frequent superim-
position of changes associated with photoaging onto
those of chronological aging, with the former augmenting
the clinical phenotype of the latter (ie, photodamaged
skin tends to look more chronologically aged than mere
passage of time should produce). To make matters more
complex, there are known variations in pathology induc-
tion that relate to the affected skin site (eg, face versus
trunk), constitutive skin pigmentation, and genetic
background.7
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Figure 1. Comparison between youthful skin (regarded by society as nor-
mal), skin from an older individual showing loss of rete ridges and thinning
of dermal collagen bundles, and photodamaged skin with superimposed
aggregates of amorphous, pale blue-gray elastin in the superficial dermis.
H&E stain. Original magnifications, �200.
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An additional and critical problem in evaluating the
effects of photoaging has been paucity of in vivo models
with structural relevance to the human integument. For
example, although rodent skin has been studied exten-
sively as a surrogate for human skin, it must be remem-
bered that the skin of furred animals did not evolve to
deal with the effects of sun exposure, nor is it entirely
analogous to human skin with regard to structure, func-
tion, or molecular and genomic composition.

In this issue of The American Journal of Pathology
Hachiya and co-workers8 attempt to circumvent this last
experimental hurdle by using a human skin xenograft-
severe combined immunodeficiency (SCID) mouse chi-
meric model to study the photoaging effects of UV radi-
ation B (UVB). The SCID mouse-xenograft model has
been used for several decades to investigate aspects of
human cutaneous disease in grafted sites that impor-
tantly retain most of the critical architectural and cellular
components of human skin.9

The UVR spectrum of sunlight is divided into three
wavelengths: UVA (315 to 400 nm), UVB (280 to 315 nm),
and UVC (100 to 280 nm). UVB is predominantly respon-
sible for the deleterious effects of sunlight in nucleic
acids and proteins, causing the formation of cyclobutane
pyrimidine dimers and pyrimidyne-(6-4)-pyrimidone pho-
toproducts, the defective repair of which is photocarci-
nogenic in humans.10,11 Although the effects of UVA are
less well characterized, there is growing evidence sug-
gesting that UVA induces production of reactive oxygen
species (ROS), which in turn cause DNA damage.12 UVC
is generally regarded as physiologically inconsequential
given that it is primarily absorbed by the ozone layer in
the atmosphere, but such environmental shields may be
a subject of future concern.12 UVB is generally selected
for photoaging studies in view of its established role in
biological processes as diverse as sunburn, the tanning
response, immunomodulation, skin cancer, and the col-
lective alterations that constitute photoaging.10

In their study, Hachiya and colleagues8 exposed hu-
man xenografts derived from Caucasian abdominal skin
to UVB starting at a 1 minimal erythemogenic dose and
escalating thereafter in intermittent doses to a total of
1.65 J/cm2 throughout a 6-week period (five exposures
per week). These doses would be anticipated to produce
clinical erythema in humans (the beginning of sunburn)
and were administered for a small fraction of the total
duration (30 exposures throughout 6 weeks) that normally
would account for clinical photoaging due to life-long
environmental exposure. It has been estimated that
American workers that spend most of their time indoors
receive an annual dose of UVR between 20,000 and
30,000 J/m2 (or 2 to 3 J/cm2). This estimate excludes
vacation time, which may increase the above doses by
up to 30%.11 Thus, photoaging in humans interestingly
appears to require considerably higher cumulative expo-
sure to UVB throughout a much longer time than is re-
produced in this animal model that used human abdom-
inal skin xenografts.

On evaluation of the skin xenografts, however, Hachiya
and co-workers8 found a number of abnormalities of po-
tential relevance to human photoaging. The first con-

sisted of increased skin roughness and furrow formation
that lasted at least 4 weeks and that was quantifiable in
replicas using image analysis technology. Because wrin-
kles resulting from both human chronological aging and
photoaging tend to be permanent if untreated, long-term
follow-up of xenografts for persistence of such furrow
formation will be important in the future evaluation of this
model. It also will be informative to determine how these
surface alterations, as measured by identical imaging
technology, actually compare with environmentally pho-
todamaged human skin (eg, the wrinkled facial skin from
a middle-aged commercial fisherman) as well as site-
and age-matched human skin acutely exposed to erythe-
mogenic doses of UVB.

In addition, they found an alteration in xenograft elas-
ticity, as assessed by calculations of elastic recovery,
viscoelastic properties and intermediate distention, and
the ability to regain shape after deformation. Although
Hachiya and colleagues8 show a number of provocative
abnormalities in the relevant pathways that relate to col-
lagen and elastin synthesis and degradation, these must
also be interpreted in the context of treated xenografts
displaying alterations (eg, overt dermal scarring; see
their Figure 2, C–F) not characteristically identified in skin
biopsies from patients with photoaging. Furthermore, it
must be considered that in their model, the elastic tissue
stains fail to show significant accumulation of relatively
amorphous and clumped elastin deposits (elastosis), as
is typical of clinically photodamaged skin. As with the
data concerning furrow formation (discussed above), rig-
orous side-by-side controls evaluating clinical samples of
chronically photodamaged skin using the same sophisti-
cated techniques would add further credibility to the
observations.

There are a number of additional findings reported by
Hachiya and colleagues8 not further detailed in this Com-
mentary that will require serious scrutiny as the legitimacy
and potential utility of this model is now further evaluated
by others. The authors should be congratulated, how-
ever, on embarking on a model system that obviates the
relevance issues inherent in exposing rodent skin to UVB
as an experimental surrogate for human photoaging. Cer-
tainly, the development and perfection of such a transla-
tionally relevant model for human cutaneous photoaging
would be useful to photobiologists and those interested in
cosmeceuticals alike. If the data of Hachiya and co-
workers8 withstands the scrutiny of further studies, then
the ability to produce authentic wrinkles and attendant
cellular and molecular alterations in a xenograft model
after only 30 UVB treatments administered throughout a
6-week period will also raise intriguing questions as to
why mother nature takes so long to produce a similar
effect!

As we learn more about photoaging through novel and
translationally-relevant approaches like those presented
in this issue of the AJP, we will undoubtedly begin to
solve the mysteries that relate to this ubiquitous and
important phenomenon at molecular and genomic levels
of inquiry, as emphasized by Yaar and Gilchrest.7 Exper-
imental evidence suggests that UVR induces production
of ROS. These ROS can inhibit the enzyme protein-ty-
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rosine phosphatase-�, which hypophosphorylates cell
surface receptors, rendering them inactive. Therefore,
this inhibition results in constitutive activation of cell sur-
face receptors such as the epidermal growth factor re-
ceptor, interleukin-1 receptor, and tumor necrosis factor
receptor,13 which trigger intracellular signaling via stress-
associated mitogen-activated protein kinases (eg, p38
and JNK)14 and ultimately results in the nuclear transcrip-
tion of a complex known as activator protein-1, which is
composed by proteins c-Jun and c-Fos.15

Increased activator protein-1 transcription results in
decreased synthesis of collagens I and III and blocks the
effects of transforming growth factor-�, a known en-
hancer of collagen gene transcription and negative reg-
ulator of keratinocyte proliferation.14,15 Transforming
growth factor-� exerts its effects through activation of the
intracellular signaling proteins SMAD2 and SMAD3, and
its effects are antagonized by the SMAD7 protein, which
interferes with transforming growth factor-�-SMAD2 and -3
signaling.16,17 Furthermore, induction of activator protein-1
transcription increases the levels and activity of metallopro-
teinases (MMP-1, MMP-3, and MMP-9), with consequent
increased breakdown of collagen and extracellular ma-
trix proteins, important steps in wrinkle formation.15

UVR also has deleterious effects on mitochondria. The
electron transport chain (respiratory chain) generates
ROS that may damage mitochondrial DNA. It is estimated
that the constitutive mutation frequency in mitochondrial
DNA is �50-fold higher than in nuclear DNA.18 Of rele-
vance, it has been shown that a segment of mitochondrial
DNA coding for electron transport chain components is
consistently deleted in tissues from older patients. This
deletion, known as the common deletion, has been re-
ported to be up to 10-fold more common in photodam-
aged skin than in nonchronically sun-damaged skin.19

Interestingly, there does not appear to be a correlation
between the extent of the common deletion in photodam-
aged skin with age, but rather with the severity of photo-
damage.20 This has lead some to propose that the com-
mon deletion may be a useful molecular biomarker of
photodamage.20 Decreased mitochondrial function in
photodamaged skin is thought to further contribute to
ROS accumulation and imbalance on cellular energy
production.

Proteins may also be altered as a consequence of
oxidative damage from generation of ROS in photoaged
skin. It has been shown that certain amino acids (ie,
cysteine, methionine, proline) are more vulnerable to ox-
idative damage than others.21 UVR may also result in
cross-linking of dermal proteins such as collagens and
elastin. Oxidative modifications to proteins may result in
loss of function and increased susceptibility to degrada-
tion. Cellular accumulation of oxidized proteins inhibits
proteasomal function, which impedes the cell’s ability to
successfully degrade additional damaged proteins.22

Telomeres, a tandem repeat of short sequence
(TTAGGG), cover the terminal part of chromosomes, pre-
venting their fusion. Because the terminal portion of DNA
cannot be replicated, the last 100 to 200 bases of telo-
meres are lost after each cell division. Eventually, when
telomeres become of a critically short length, cells no

longer divide and enter a state of senescence.23 It has
been proposed that the normal loop configuration of telo-
meres may also be disrupted as a result of UVR-induced
damage, exposing the single-stranded overhang on
their 3� end. This allows interaction between the over-
hang and the Werner protein, which results in activa-
tion of the p53 tumor suppressor protein and other
DNA damage response proteins to induce senescence
or apoptosis.24 This conceptual model may explain
some of the commonalities between chronological ag-
ing and photoaging.7,23

Using clinically relevant models, such as the one pro-
posed by Hachiya and colleagues,8 it is envisioned that
future studies may not only serve to validate their model,
but that they will be useful to uncover the molecular
pathogenic mechanisms of cutaneous photoaging. And
as we progress in this regard, the definition of photoaging
is likely to expand to include pathways not directly in-
volved in the production of the cosmetically alarming
wrinkle. For example, chronically-photodamaged facial
skin shows dramatic depletion of interfollicular Langer-
hans cells responsible in part for intact immunosurveil-
lance and thus potential sentinels that guard against
UVB-induced procarcinogenic mutations.25 Interestingly,
agents such as topical retinoids that reduce the cosmetic
effects of photoaging also may result in dramatic replen-
ishment of Langerhans cells.25 Procarcinogenic muta-
tions that are specifically harbored in long-lived epithelial
and neural crest-derived stem cells may also be viewed
as a form of photoaging, and we are presently on the
cusp of better identifying these cells to study this facet of
cellular pathology induced by chronic sun damage and
thus a likely molecular component of photoaged skin.
Only by identifying methods for experimental evaluation
of intact human skin will this important area of research
be fully exploited, and the study by Hachiya and col-
leagues8 is an important step in this direction.
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