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The Other End of the Rainbow:

Infrared and Skin

Aton M. Holzer', Mohammad Athar' and Craig A. Elmets’

Although infrared radiation (IRR) is ubiquitous in the terrestrial milieu, its
effects on human skin have until now been largely ignored. Recent studies
suggest an important role for infrared A (IRA) radiation (760-1440 nm) in
dermal inflammation, photoaging, and photocarcinogenesis. In this issue,
Calles et al. identify and analyze the IRA-induced transcriptome in human
dermal fibroblasts. Their work paves the way for new research directions in
IRA photobiology and raises important clinical questions regarding photo-
protection and IRR-based dermatotherapy.
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Introduction

The refraction of light into its constitu-
ent colors was first described in the
eleventh century by the scientist and
polymath Ibn al-Haytham (Alhacen)
and was fully developed in Sir Isaac
Newton’s description of the electro-
magnetic spectrum in 1671. In 1800,
astronomer William Herschel pub-
lished his discovery of “calorific rays”

beyond the red part of the visible spec-
trum. He found that refraction of light
through a prism separated out a set
of electromagnetic rays—later known
as infrared radiation (IRR)—that pro-
duced an increase in temperature on a
thermometer beyond that recorded in
the visible spectrum (Mahmoud et al.,
2008). Although IRR has been known
to science for 210 years (1 year longer
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than has UVR), the impact of IRR on
cutaneous pathology has received far
less attention than its UV and visible
counterparts. With the publication of
the study by Calles and co-workers
(2010, this issue), this may begin to
change. These investigators exposed
human dermal fibroblasts to infra-
red A (IRA) radiation and analyzed
the IRA-induced transcriptome using
microarray technology. The changes
observed differed in several respects
from those induced by UVR, and
Calles et al. identified a number of
candidate genes that could contribute
to photoaging and carcinogenesis.

Unna (1894) first described a pho-
todistributed dermatosis in sailors
that he called Seemanshaut, a local-
ized photoaging that he attributed to
prolonged sun exposure. Early in the
following century, Hyde (1906) and
Dubreuilh (1907) published the first
evidence linking human skin can-
cer to sunlight. Subsequent studies
in mice isolated wavelengths in the
ultraviolet spectrum (280-400 nm)—
in particular, within UVB (280-320
nm)—as most proficient in causing
nonmelanoma skin cancer (Findlay,
1928; Freeman, 1978). As such, pho-
toprotection strategies have focused
almost exclusively on limiting expo-
sure to UVB and, increasingly, to UVA
(320-400 nm).

Nonetheless, UVR constitutes only
7% of the solar energy that reaches
the skin; 39% lies in the visible light
spectrum (400-760 nm). But the most
considerable fraction of solar ener-
gy (54%) consists of IRR (Kochevar
et al., 1999), which comprises IRA
(760-1440 nm), IRB (1440-3000 nm),
and IRC (3000 nm—1 mm). Of these,
only IRA—30% of the IRR that reaches
the human body—penetrates deeply
into the skin, and 65% of that portion
reaches the dermis (Schroeder et al.,
2010). Thus, IRA is well positioned to
exert effects at that level.

Infrared radiation in clinical and
experimental dermatology

Until recently, chronic exposure to
IRR (when administered below the
threshold for inducing thermal injury)
was recognized as the cause of only
one skin disorder, erythema ab igne,
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a reticulate hyperpigmentation classi-
cally seen on the legs of those sitting
too close to hearth fires. This constel-
lation of epidermal atrophy, pigment
incontinence, collagen degeneration,
and dermal elastosis has seen a reviv-
al of late with the increased populari-
ty of laptop computers. When allowed
to rest on the legs for prolonged peri-
ods of time, these devices can also
produce this uncommon dermatosis.
Additionally, IRR was reported as
causative in one case of keratosis
lichenoides chronica (Vernassiere et
al., 2004). IRA is present in the light
produced by some tanning beds, and
it has been implicated in the poten-
tiation of UVR-induced damage in
murine dermis (Kligman, 1982). On
the other hand, IR pretreatment has
recently been observed to reduce
UVB-induced DNA damage in
murine epidermis, apparently by
stimulating nucleotide excision repair
(Jantschitsch et al., 2009). Moreover,
IRR is employed in cosmetic derma-
tology for the treatment of rhytides
and skin laxity because of its abil-
ity to stimulate the production of der-
mal type | and Il collagen and elas-
tin (Tanaka et al., 2009b), and it has
found clinical or investigative thera-
peutic utility in such skin conditions
as scleroderma (Meffert et al., 1990),
acne vulgaris (Orringer et al., 2007),
wounds (Horwitz et al., 1999) and
burns (Ezzati et al.,, 2009), and (in
mice) in the treatment of melanoma
(Dees et al., 2002).

But therapeutic uses may come at a
price (Schieke et al., 2003). As men-
tioned previously, IRA wavelengths
are much longer than those within
the UV spectrum; therefore, they can
penetrate deeply into the skin, mak-
ing specific chromophores and der-
mal fibroblasts, which are critical for
structural integrity and dermal elastic-
ity, prime targets. Indeed, IRA-induced
activation of mitogen-activated pro-
tein kinase (MAPK) signaling pathways
upregulates matrix  metalloprotei-
nase-1 (MMP-1) expression in dermal
fibroblasts. MMP-1 has been shown to
be important for photoaging as well as
for UV carcinogenesis. IRA-induced
MMP-1 expression is due at least
in part to retrograde mitochondrial

signaling, which results in the produc-
tion of free radicals in the skin (Darvin
et al., 2007; Schroeder et al., 2008). In
this regard, it has been proposed that
the terminal enzyme of the mitochon-
drial respiratory chain, cytochrome c
oxidase, is an infrared chromophore
(Karu et al., 2008).

IRA penetrates
deeply into skin to
reach chromophores
that activate

unique molecular
targets, ultimately
producing unique
biologic effects.

Characterizing IRA-induced

gene regulation

The current study extends our under-
standing of IRA-induced gene regula-
tion in several exciting new directions.
First, by assessing the IRA-induced
transcriptome in cultured human
fibroblasts and employing a selection
algorithm to filter out interindividual
differences, Calles et al. (2010) suc-
ceeded in identifying 599 differentially
regulated gene transcripts that can be
stratified into four primary categories:
genes related to (i) extracellular matrix
(ECM) homeostasis, (ii) calcium ion
homeostasis, (iii) stress signaling, and
(iv) apoptosis-related signaling. In
each category, the differences in gene
expression between irradiated and
unirradiated fibroblasts shed new light
on [RA-triggered pathways.

Among the genes of the extracellular
matrix, MMP-1 is upregulated, but
its compensatory tissue inhibitor of
MMP-1 is not, creating an imbalance
in favor of ECM degradation and sup-
porting a role for IRA in photoaging.
Additionally, proteins involved in cell
adhesion and migration—fibronectin
1, VCAM-1, cadherin CDH10, and
two integrin genes—were found to be
downregulated by IRA irradiation, sug-
gesting that IRA might impair wound
healing processes. These data must be
reconciled with the in vivo experimental
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data (summarized by Peplow et al.,
2009) that support the salutary effects
of infrared laser photobiomodulation in
murine wound healing. Of course, laser
irradiation, focused at specific wave-
lengths (typically at the shorter end of
the IRA spectrum), could be expected
to demonstrate differences in gene
transcription from IRA lamps emitting
throughout the entire IRA spectrum,
and the differences in transcriptomes
at different specific IRA wavelengths
would be an interesting subject for fur-
ther study. Dosage may also play a role,
because reduced stimulation—and
even inhibition—of wound healing has
been noted at higher doses in two stud-
ies (reviewed in Peplow et al., 2009).

Interestingly, one gene tran-
script that is upregulated is colla-
gen | (COLTAT), consistent with the
murine in vivo findings of Tanaka et al.
(2009a), who observed the preferential
induction of softer collagen I, resulting
in increased dermal resiliency, after
[RA irradiation of photoaged skin.

With respect to calcium ion
homeostasis, the current study identi-
fies 18 relevant IRA-modulated genes.
Included among these are key play-
ers in calcium-induced signaling that
are diminished in photoaging—the
Na/K ATPase and key proteins in the
phosphoinositol signaling pathway.
At the same time, a constellation of
upregulated genes appears to reflect
the intracellular changes catalyzed by
mitochondrial retrograde signaling in
the context of oxidative stress.

The work of Calles et al. (2010)
extends our knowledge in the realm of
stress signaling as well. Previous work
has shown that IRA activates the MAPK
pathway (Schieke et al, 2003; Shibata
et al, 2009). By employing inhibitors
of the three main components of this
pathway, the authors report that several
stress-related genes activated by IRA
are dependent on the extracellular sig-
nal-related kinase-1/2, p38, and c-Jun
N-terminal kinase pathways.

The antiapoptotic and prolifera-
tive STAT3, an important mediator
of tumor-promoting  inflammation
(Yu et al., 2009), is one of the stress-
related genes that is upregulated by
IRA. STAT3 is an important mediator
of tumor-promoting inflammation (Yu
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etal., 2009), and this may help explain
the role of chronic IRA in skin can-
cer. On the other hand, the 1L-12/23
p40 subunit (/L-12B gene) was found
to be upregulated by IRA. Both IL-12
and IL-23 have been found to trigger
nucleotide excision repair in keratino-
cytes and to stimulate apoptosis. These
cytokines also have been found to be
effective in preventing UVR-induced
immunosuppression  and  inhibit-
ing UVR-induced regulatory T cells
(Majewski et al.,, 2010; Schwarz et
al., 2005). Cyclobutane pyrimidine
dimers and UVR-induced immuno-
suppression are key factors in skin
cancer initiation and promotion, and
the upregulation of IL-12 and IL-23 in
the dermal milieu by IRA may begin
to explain the reported beneficial
effects of IRA on UVR damage in vivo
(Jantschitsch et al., 2009).

Finally, Calles et al. elucidate the
complex role of IRA in apoptosis, dem-
onstrating downregulation of proapop-
totic BAX and upregulation of survival
proteins FASTK and TNFRSF6B on the
one hand and upregulation of proapo-
totic BAD via reactive oxygen spe-
cies (ROS) induction of the P13K/AKT
pathway on the other. As the authors
note, this may help to explain the dif-
ferential effects on apoptosis reported
by others, depending on whether IRA
irradiation  precedes  apoptogenic
UVB irradiation (in which case it is
antiapoptotic) or is applied alone (in
which case it is proapoptotic). Future
studies are warranted to delineate the
mechanics of these effects more fully.

Future directions at bench and bedside
Calles et al. (2010) open the door for
further research into the biological
actions of IRR on the skin. This form
of radiant energy penetrates deeply
into the skin, reaches a distinct set of
chromophores, activates a unique set
of molecular targets, and, as a con-
sequence, produces unique biologic
effects on the skin. The changes in
genes well known for their roles in
photoaging and photocarcinogen-
esis by IRA radiation are relevant to
investigative dermatology, and these
findings will guide studies in in vivo
models. As noted above, differential
effects on gene expression at different

wavelengths within the IRA spectrum
should be defined, and the intra-
cellular IRA chromophores should be
identified.

Calles and co-workers’ findings
are relevant to both prevention and
therapy. As Schroeder et al. (2010)
have noted, sun protection strategies
must be reconsidered. Current sun-
screens have not been evaluated for,
and are unlikely to possess, efficacy
against IRA. Topical application of
antioxidants has been shown to abro-
gate IRA-induced MMP-1 production
(Schroeder et al., 2008), and this may
be a viable anti-IRA strategy.

Although UVR effects on kerati-
nocytes and IRR effects on dermal
fibroblasts share a number of biologi-
cal end points, there are substantial
differences in gene expression, and
the chromophores that initiate these
processes, as well as the intracel-
lular pathways that are activated by
them, are quite different. This raises
the question of whether there is cause
for concern about the effects of vis-
ible light, which lies between UV and
IR on the electromagnetic spectrum.
Chromophores within the visible spec-
trum are present in skin, and recent
electron spin resonance spectroscopy
studies have demonstrated significant
ROS generation in skin by visible light
(Zastrow et al., 2009).

New data about the effects of IRR
on skin hold the promise of a greater
understanding of cutaneous diseases,
such as photoaging, with the ultimate
goal of more effective preventive and
therapeutic strategies for the functions
in which this form of radiant energy
participates.
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