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Abstract
Sunlight that reaches the human skin contains solar 
energy composed of 6.8% ultraviolet (UV), 38.9% vis-
ible light and 54.3% infrared radiation. In addition to 
natural near-infrared (NIR), human skin is increasingly 
exposed to artificial NIR from medical devices and elec-
trical appliances. Thus, we are exposed to tremendous 
amounts of NIR. Many studies have proven the effects 
of UV exposure on human skin and skin cancers but 
have not investigated well the effects of NIR exposure. 
Furthermore, many of the previous NIR studies have 
used NIR resources without a water filter or a contact 
cooling. With these resources, a substantial amount 
of NIR energy is absorbed in the superficial layers and 
only limited NIR energy can be delivered to deeper 
tissues. Thus, they could not sufficiently evaluate the 
effects of incident solar NIR. In order to simulate solar 
NIR that reaches the skin, a water filter is essential 
because solar NIR is filtered by atmospheric water. In 
reality, NIR increases the surface temperature and in-
duces thermal effects so a contact cooling is needed 
to pursue the properties of NIR. I clarify that NIR can 
penetrate the skin and non-thermally affect the sub-
cutaneous tissues, including muscle and bone marrow, 
using a NIR resource with a water filter and a cooling 

system. I would like to emphasize the biological effects 
of NIR which have both merits and demerits. Appropri-
ate NIR irradiation induces dermal heating thermally 
and non-thermally induces collagen and elastin stimula-
tion, which results in skin tightening. NIR also induces 
non-thermal DNA damage of mitotic cells, which may 
have the potential application for treating cancer. How-
ever, as continuous NIR exposure may induce photo-
aging and potentially photocarcinogenesis, we should 
consider the effect of, not only UV, but also NIR and 
the necessity for protection against solar NIR. Here, 
this paper introduces the new aspects of the biological 
effects of NIR radiation.
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INTRODUCTION
Various kinds of  ultraviolet (UV) blocking materials, such 
as sunblocks, sunglasses, films and fibers are often used 
to prevent skin damage from UV exposure. Although 
individuals all over the world use various types of  sun-
screens, unwanted biological influences, such as rosacea, 
erythema ab igne, long-term vasodilation[1,2], muscle thin-
ning[3,4] and sagging still occur[5,6]. Most sunscreens can 
only block UV but not visible light and near-infrared 
(NIR)[5].

REVIEW
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Both UV and visible light radiation are attenuated by 
melanin[7], whereas infrared (IR) can penetrate deep into 
human tissue where it can cause photochemical chang-
es[8]. We previously reported that NIR penetrates the skin 
and is absorbed by sweat on the skin surface, water in the 
dermis[1,9-11], hemoglobin in dilated vessels[1,2], myoglobin 
in the superficial muscle[3,4], bone cortical mass and is 
scattered by adipose cells[12]. 

Appropriate NIR irradiation induces dermal heating 
thermally and non-thermally induces collagen and elastin 
stimulation, which results in skin laxity tightening. NIR ir-
radiation also induces non-thermal DNA damage[13,14] and 
cell death by apoptosis[15], as well as the cell death of  can-
cer cells and bone marrow cells[12]. In addition, NIR irra-
diation is used as a therapeutic option for the treatment of  
wound healing disorders[16-18] and malignant tumors[19-22].

However, the necessity to protect cells from NIR in 
order to prevent tissue damage has not been well inves-
tigated. Many studies have proven the effects of  sun and 
UV exposure on the skin but have not investigated well 
the long-term effects of  NIR exposure on human skin 
and skin cancers. Fair skin, with sparse melanin and a thin 
dermis, might allow NIR radiation to penetrate deeper 
into human tissue than dark skin, which has dense mela-
nin and a thick dermis[5,6]. In addition to natural NIR, 
human skin is increasingly exposed to artificial NIR from 
medical devices and electrical appliances[23,24]. Thus, sun-
screens should also protect against NIR[3,5,6,12,23-28] because 
we are exposed to tremendous amounts of  NIR[5]. Our 
preliminary studies suggest that we should consider the 
biological effect of  not only UV, but also NIR[3,5,6,12].

meThODs Of NIR ReseaRCh
Previous in vitro research of NIR 
In the previous studies of  the NIR, lamps emitting wide 
wavelengths of  NIR were used as a NIR source[6,29]. The 
temperature of  the superficial layer of  the culture fluid 
in the laboratory dish will rise immediately by the NIR 
irradiation because NIR is primarily absorbed by water. 
Then, the energy of  NIR will diminish as it penetrates 
deeper and will not reach the target cells in the base 
enough (Figure 1A). Therefore, the previous studies only 
described thermal effects of  NIR and could not find 
various non-thermal biological effects of  NIR[6].

Previous in vivo research of NIR
NIR irradiation is known to induce dermal heating, which 
results in skin laxity tightening[1,9,30-34]. In previous stud-
ies[16,35,36], NIR devices without a water filter or contact 
cooling were used to evaluate photobiological effects on 
the human body.

NIR increases the skin surface temperature and induc-
es perspiration and vasodilation because NIR is primarily 
absorbed by water and hemoglobin. Then, a substantial 
amount of  energy is absorbed in the superficial layers 
of  skin and only limited NIR energy can be delivered to 

deeper tissues (Figure 1B). Therefore, the previous stud-
ies only described superficial and thermal effects of  NIR 
and could not find various non-thermal biological effects 
of  NIR[6].

My research of NIR
Sunlight that reaches the human skin contains solar en-
ergy composed of  6.8% UV light, 38.9% visible light and 
54.3% IR radiation[37]. The IR spectral region is arbitrarily 
divided according to wavelength into sub-regions of  NIR 
(760-3000 nm), middle IR (3000-30 000nm) and far IR 
(30 000 nm-1 mm). NIR radiation from the sun is selec-
tively filtered by atmospheric water[7,38]; thus, most NIR 
radiation that reaches the Earth’s surface readily pen-
etrates the superficial layers of  the skin[3,5,6,12] (Figure 2).

In order to simulate solar NIR that reaches the skin, 
a water filter is essential because solar NIR is filtered by 
atmospheric water. I used a NIR device that emitted a 
spectrum of  NIR irradiation from 1100 to 1800 nm with 
a water-filter that excludes wavelengths between 1400 
and 1500 nm, which are strongly absorbed by water and 
hemoglobin (Figure 3). 

Wavelengths below 1100 nm are preferentially absorbed 
by melanin in the superficial layers of  the skin. Wave-
lengths between 1400 and 1500 nm and those above 1850 
nm are absorbed heavily by water in the superficial layers 
of  the skin, which results in heating and can lead to pain-
ful sensations and burns[20]. Filtering out the wavelengths 
below 1100 nm, around 1450 nm and above 1850 nm en-
abled the delivery of  NIR irradiation to deeper tissues[39] 
and also simulated solar NIR radiation that reaches the 
skin of  humans on the earth’s surface. Therefore, a NIR 
device with a water-filter mimics the natural situation and 
allows the evaluation of  solar NIR radiation that reaches 
the skin. However, the biological effects induced by near 
sub-region of  IR radiation could not be evaluated with 
this NIR device. Further studies in near sub-region of  IR 
are needed.

In reality, NIR increases the surface temperature and 
induces thermal effects so a contact cooling is needed to 
pursue the properties of  NIR. Contact cooling through 
a temperature-controlled sapphire window was used to 
reduce the skin surface temperature and reduce perspira-
tion and blood vessel dilation (Figure 4A). 

These specific wavelengths and the cooling system 
enabled NIR to be delivered to the deeper tissues without 
pain or epidermal burns[39,40], which was evidenced by the 
ability to treat animals and humans without anesthesia 
and without contact burns or other adverse events.

Therefore, I found various non-thermal biological ef-
fects of  NIR[1-6,9-14].

DIsCUssION
Properties of NIR
NIR is an electromagnetic wave that simultaneously ex-
hibits both wave and particle properties and is strongly 
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absorbed by water, hemoglobin and myoglobin[2]. As a 
consequence, NIR irradiation can penetrate the skin and 
affect the subcutaneous tissues, including muscles and 
bone marrow, with both its wave as well as its particle 
properties.

The penetrating 600-1300 nm wavelength region causes 
photochemical changes and affects a large volume and 

depth of  tissue[7]. Actively proliferating cells show in-
creased sensitivity to red and NIR[41,42]. NIR irradiation in-
duces strand breaks and apoptosis[15], as well as cell death 
of  cancer cells and bone marrow cells[12-14]. NIR irradia-
tion is used as a therapeutic option in the treatment of  
wound healing disorders[16-18] and malignant tumors[19-22]. 
While NIR irradiation appears to damage tumor tissue, 
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Figure 1  A schematic of the previous in vitro and in vivo research. A: In vitro research. B: In vivo research. NIR: Near-infrared.

Figure 2  Solar radiation. This graph shows the radiation spectrum for direct light both at the top of the earth’s atmosphere (yellow) and at sea level (red). The sun 
produces light with a distribution similar to that expected from a 5250 ℃ blackbody (gray), which is approximately the temperature of the sun’s surface. As light passes 
through the atmosphere, some is absorbed by gases with specific absorption bands (blue). These curves are based on the American Society for Testing and Materials 
Terrestrial Reference Spectra, which are standards adopted by the photovoltaic industry to ensure consistent test conditions and are similar to the light levels expected 
in North America. Regions for ultraviolet, visible and near-infrared are indicated. Cited and revised from Figure 2 of reference 3.
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Figure 3  The absorption coefficients and wavelength of the near-infrared device. This graph shows the absorption coefficients of melanin (brown), hemoglobin 
(red) and water (blue). The near-infrared (NIR) device used in our study emits a spectrum of NIR from 1100 to 1800 nm (bold red), with filtering of wavelengths be-
tween 1400 and 1500 nm (blue belt) that are strongly absorbed by water and hemoglobin. Cited and revised from Figure 2 of reference 3.

2.5

2.0

1.5

1.0

0.5

0.0

Sp
ec

tr
al

 ir
ra

di
an

ce
 (

W
/m

2 )

200   400   600    800   1000  1200 1400  1600  1800  2000  2200  2400  2600  2800  3000

NIRVisible

Sunlight at top of the atmosphere

5250 ℃ blackbody spectrum

Radiation at sea level

Absorption bands

H2O
H2O

H2O
H2O H2OCO2

O2

O3

Wavelength (nm)

UV

Tanaka Y. Impact of near-infrared in dermatology



it has also been shown to reduce cellular protein damage 
produced by biological oxidants in normal cells[43].

We also reported that NIR irradiation was shown to 
thermally induce the expression of  collagen[9], elastin and 
water-binding proteins[1,9] without scar formation[10]. Fur-
thermore, NIR irradiation non-thermally induced long-
lasting muscle thinning[3], muscle relaxation[4], bone marrow 
damage[12], a cytocidal effect on cancer cells[13,14], stimulation 
of  stem cells[5,12] and DNA damage[13,14] of  mitotic cells[5].

Biological effects of NIR on human skin
The biological effects of  NIR have both merits and de-
merits. The dermis tends to increase the amount of  fluid 
by inducing an increase in collagen, elastin and water-
binding protein in order to protect subcutaneous tissues 
from NIR[1,9]. Pre-exposure of  NIR prevents UV-induced 
toxicity[29,44,45] and this effect is independent of  heat shock 
protein induction and cell division[45]. These findings sug-
gest that NIR irradiation prepares skin to better resist the 
subsequent damage of  UV or NIR.

In contrast, similar to UV, NIR seems to exert biolog-
ical effects on human skin[23]. NIR irradiation was shown 
to cause skin changes similar to those observed in solar 
elastosis and enhanced UV-induced dermal damage[35]. 
NIR irradiation is able to activate mitogen-activated pro-
tein kinases and induce gene transcription and is likely to 
increase collagen degradation[23,24,46]. Epidemiological data 
and clinical reports point to the ability of  NIR to cause 
and enhance actinic skin damage, implying that NIR is 
not innocuous to human skin[23,47,48]. 

The mean facial surface area that is covered with 
wrinkles is significantly smaller in African Americans 
than in Caucasians and characteristics of  age-related peri-
orbital changes seem to occur at a more accelerated rate 
in Caucasians[49]. In addition, fair skin is more sensitive to 
skin aging[50,51]. These findings support the observation 
that fair skin tends to wrinkle and sag earlier in life[52,53] 
because fair skin is thinner and is more susceptible to 
NIR damage to the underlying frontalis, orbicularis oculi 
and platysma muscles than dark skin[5,6]. NIR is attenu-
ated by thick water-containing dermis. Thus, skin with 
sparse melanin and a thin dermis might allow NIR radia-
tion to penetrate deeper into human tissue than skin with 
dense melanin and a thick dermis[5,6].

Repeated exposure to sources of  heat and NIR, such 
as fires and stoves, results in a skin lesion described as 
erythema ab igne[54], which is clinically characterized by a 
reticular hyperpigmentation and teleangiectasia accompa-
nied histologically by epidermal atrophy, vasodilation and 
dermal melanin and hemosiderin deposits. After many 
years, these lesions may develop thermal keratoses, such 
as hyperkeratosis, keratinocyte dysplasia and dermal elas-
tosis, which are similar to the changes that occur in actini-
cally damaged skin[55]. Similar to actinic keratoses, thermal 
keratoses are precancerous lesions that exhibit epidermal 
dysplasia, which may develop into invasive squamous cell 
carcinoma. There are several reports of  carcinomas aris-
ing from heat induced erythema ab igne[47,56,57]. NIR radia-
tion, similar to UV radiation, induces photoaging and po-
tentially photocarcinogenesis[23]. In addition, skin tumors 
in mice appeared faster after irradiation with the full lamp 
spectrum containing UV, visible and NIR compared to 
irradiation with UV alone[58].

Biological effects of NIR on cancer cells
Wavelength of  NIR anticancer therapy: Photodynam-
ic therapy (PDT) is the most common antitumor therapy 
using IR for select forms of  cancer[59]. PDT is based on 
the accumulation of  a photosensitizing agent in tumors 
and uses wavelengths near 800 nm as a photoactivating 
wavelength to achieve maximum penetration depth[19,22,60]. 
This wavelength, however, also has high melanin absorp-
tion, which limits the ability to deliver light to highly pig-
mented tumors[61].

Although wavelengths near 800 nm are the standard 
activators for PDT, other wavelengths have also shown 
treatment promise. Santana-Blank et al[62] reported that 
NIR at 904 nm may have antitumor activity, as shown 
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Figure 4  A schematic of my near-infrared research and cell cycle. A: A 
schematic of my near-infrared (NIR) research; B: A schematic of the cell cycle 
and effects of NIR. NIR cannot penetrate the nuclear envelope due to the 
protection of nuclear lamins in interphase and telophase. NIR may damage the 
chromosomes of mitotic cells in prophase, metaphase and anaphase due to the 
absence of nuclear lamin protection, which results in apoptotic cell death. Cited 
and revised from Figure 15 of reference 5.
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by an increase in cytomorphological changes, as well as 
apoptosis in neoplastic cells. Unlike wavelengths beyond 
1100 nm where melanin absorption is negligible[7], ab-
sorption at 904 nm was significant. This may limit the 
possible uses of  the 904 nm wavelength for certain body 
areas in races with skin that is rich in melanin.

Although many studies have shown the thermal effects 
of  NIR irradiation on cancer cells in the field of  hyper-
thermia, non-thermal effects of  NIR irradiation were not 
investigated in detail. We first reported on the non-ther-
mal effects of  NIR using a specialized broad spectrum 
light source emitting light between 1100-1800 nm (with a 
filter to exclude wavelengths between 1400 and 1500 nm) 
on cancer cells and suggested the possibility of  beneficial 
uses for cancer treatment[13,14]. However, further studies 
are needed to evaluate variations in treatment parameters 
and conditions, which will enable development of  proce-
dures that achieve maximum results while providing the 
greatest margin of  safety.

Biological effects of  NIR on in vivo  cancer studies: 
The histological findings showed tumor shrinkage and 
dying cells in the center of  the tumor mass, which sup-
ports that NIR electromagnetic properties induce these 
biological effects non-thermally. If  the cytocidal effect of  
NIR was induced thermally, the histology would show a 
gradient cytocidal effect from the superficial layer to the 
center of  the tumor and the thermal effect would be re-
duced by the contact cooling (20 ℃) of  the NIR device. 
Due to surface cooling, NIR can penetrate deeper tissue 
and induce a drastic non-thermal cytocidal effect in the 
center of  the tumor mass[13].

A significant reduction in tumor volume and a high 
level of  TUNEL-positive cells in the irradiated group in-
dicated that NIR irradiation induces apoptosis in cancer 
cells. However, the mechanism of  NIR-mediated tumor 
cell death appeared to be different than standard apopto-
sis because high levels of  activated caspase-3 expression 
and ssDNA-positive cells appeared gradually after NIR 
irradiation, although tumor shrinkage happened rapidly. 

On the other hand, NIR irradiation induced the 
stimulation of  CD34-positive bone marrow stem cells in 
our previous study[12] and the frequency of  Ki67-positive 
cells on day 45 was significantly higher than the irradiated 
group on day 9. These results suggest that NIR irradia-
tion may stimulate stem cells.

The immunohistological staining results suggested 
that NIR may induce cell death of  highly proliferative tu-
mor cells, stimulate stem cells and then induce apoptosis 
of  the cells which are unnecessary to promote the devel-
opment of  melanoma. These steps appeared to be a part 
of  the mechanism driving the effects of  NIR on cancer 
cells. 

Biological effect of NIR on molecular structure
NIR is absorbed by water, hemoglobin and myoglobin. 
The NIR spectrum of  biological materials is a result of  
the overtones and combination of  O-H, C-H and N-H 

groups’ bond stretching vibrations[63]. Water is a polar 
molecule with an electrical dipole moment and possesses 
hydrogen bonds. A water molecule will be resonated by 
NIR and absorb NIR due to the O-H intramolecular hy-
drogen bonds and electrical dipole moment[64]. Since T2 
weighted MRI enhances water as well as active proliferat-
ing cancer cells, active proliferating cells may have a rich 
water content, which strongly absorbs NIR[5].

Hemoglobin has four heme-binding subunits, each 
largely made of  α helices, and myoglobin consists of  
eight α helices that are connected through turns with an 
oxygen binding site. The similarity between hemoglobin 
and myoglobin resides in the heme binding sites and α 
helices. Heme is a prosthetic group that consists of  an 
iron atom located in the center of  a large heterocyclic 
organic ring called porphyrin. Our results of  long-lasting 
muscle thinning and vasodilation induced by NIR sug-
gest that NIR might resonate and damage heme. How-
ever, our collagen, elastin and cancer studies suggest that 
NIR may mainly resonate helical structures, α helices and 
DNA. α helices are thought to be resonated by NIR and 
have strong amide bands in the IR spectra, which have 
characteristic frequencies and intensities[65]. Both hemo-
globin and myoglobin are the oxygen-carrying proteins 
and have many α helices. It is possible that NIR induces 
resonance of  α helices in the oxygen-carrying proteins 
and degenerates proteins containing α helices, which re-
sults in damage to the storage and transport of  oxygen. 
This could be one of  the mechanisms of  apoptosis. In 
our previous study, we evaluated the effect of  NIR on 
myoglobin; however, similar effects may also be found 
for hemoglobin[2].

NIR increases the amount of  water retained in the 
dermis by inducing vasodilation and the expression of  
collagen and elastin[1]. Both collagen and elastin possess 
helical structures and hydrogen bonds. Elastin has higher 
absorption properties than that of  water[64]. These find-
ings suggest that we have acquired biological defense 
mechanisms in which induced helical structures and hy-
drogen bonds are resonated by NIR and absorb NIR to 
protect the subcutaneous tissues against NIR.

Similarly, DNA consists of  two long strands in the 
shape of  a double helix, which is stabilized by two forces: 
hydrogen bonds between nucleotides and base-stacking 
interactions among the aromatic bases. Many studies re-
garding DNA and cancer imaging have been performed 
using a NIR spectroscopy since biological molecules such 
as proteins, lipids and nucleic acids provide a unique ab-
sorption spectral pattern and NIR induces the vibration 
of  DNA. IR irradiation alone appears to induce DNA 
strand breaks and apoptosis[15]. DNA will be also resonat-
ed and absorb NIR, which is most likely due to its helical 
structures and hydrogen bonds.

Biological effects of NIR on lamin
The nuclear lamina is a proteinaceous structure located 
underneath the inner nuclear membrane that forms a 
stress-resistant elastic network where it associates with the 

34 October 2, 2012|Volume 1|Issue 3|WJD|www.wjgnet.com

Tanaka Y. Impact of near-infrared in dermatology



peripheral chromatin[66]. It contains lamins and lamin-as-
sociated proteins, including many integral proteins of  the 
inner nuclear membrane, chromatin modifying proteins, 
transcriptional repressors and structural proteins[67-70].

Lamins are type-V intermediate filament proteins 
located in the nucleus, primarily in the periphery, and un-
derlie the nuclear envelope[71]. Lamins have a conserved α 
helical central rod domain and variable head and tail do-
mains[66,72,73]. α helical structures are surmised to absorb 
NIR and protect the nucleus and DNA from NIR.

Lamins play important roles in DNA replication, 
chromatin organization, adult stem cell differentiation, 
aging and tumorigenesis. In addition, mutations in lamin 
lead to laminopathic diseases[66]. Nuclei assembled in vitro 
in the absence of  lamins are more prone to breakage than 
nuclei assembled in the presence of  a full complement of  
lamins[74,75]. Disruption of  the lamins results in abnormal 
mitosis, chromosomal segregation and cell death[76].

During mitosis, lamin molecules are transiently disas-
sembled into monomers[77,78] through phosphorylation[79] 
by the protein kinase p34cdc2[80]. In addition, actively pro-
liferating cells show increased sensitivity to NIR[41,42] and 
IR irradiation induces DNA strand breaks and apopto-
sis[15]. Therefore, these findings suggest that NIR exposure 
appears to damage nuclear lamins and DNA in the mitotic 
phase due to absence of  nuclear lamins protection, which 
results in apoptotic cell death[5]. Thus, NIR induces non-
thermal DNA damage of  mitotic cells in prophase, meta-
phase and anaphase due to the absence of  nuclear lamin 
protection, which may have the potential application for 
treating various forms of  cancer[13,14] (Figure 4B). 

Biological effect of NIR on stem cells
NIR irradiation abruptly induced subcutaneous adipo-
cytes on the panniculus carnosus and CD34-positive cells 
around the subcutaneous adipocytes[12]. Adipose-derived 
stem cells express CD34 in higher percentages than bone 
marrow-derived mesenchymal stem cells[81]. CD34-positive 
human adipose-derived stem cells have a greater replica-
tive capacity compared to CD34-negative cells[82]. These 
results suggest that NIR irradiation may enrich and stimu-
late CD34-positive adipose-derived stem cells to increase 
subcutaneous adipocytes on the panniculus carnosus. 

Optically, fatty tissue can scatter NIR[83] and fatty acids 
are the major NIR absorbing materials in soft tissues[64]. 
The oil in the liquid phase is transparent, whereas the oil 
in the solid phase is highly scattering to NIR[84]. The long-
lasting induction of  subcutaneous adipocytes may protect 
the underlying tissues, including the panniculus carnosus, 
against NIR damage.

NIR irradiation that simulated solar radiation non-
thermally affected the subcutaneous tissues, cortical bone 
and bone marrow[12]. The apoptotic damage to bone 
marrow cells might be minimized by a biological defense 
against NIR irradiation by means of  an increase in sub-
cutaneous and bone marrow adipocytes, as well as corti-
cal bone mass through the enrichment of  CD34-positive 
stem cells at the inner surface of  the bone cortex.

Lamin A and pre-lamin A regulate stem cell main-
tenance and differentiation by influencing key signaling 
pathways in stem cells[66]. Lamin A/C expression seems 
to be reduced or absent in undifferentiated or prolifera-
tive cells but is observed in differentiated or non-prolif-
erative cells, such as quiescent adult stem cells[85]. Lamin 
A regulates stem cell maintenance through a range of  
regenerative signaling pathways, which suggests that the 
regulation of  adult stem cell aging may occur at a number 
of  different pathway steps that intersect with lamin A, 
including adult stem cells, their progenitors and/or stem 
cell niches[85]. These results suggest that NIR radiation 
may stimulate stem cells, including cancer stem cells[5].

CONCLUsION
In order to simulate solar NIR that reaches the skin and 
to pursue the properties of  NIR, a water filter and con-
tact cooling are essential for a NIR source.

Appropriate NIR irradiation induces dermal heating 
thermally and non-thermally induces collagen and elastin 
stimulation, which results in skin laxity tightening. NIR 
also induces non-thermal DNA damages of  mitotic cells 
in prophase, metaphase and anaphase due to the absence 
of  nuclear lamin protection. NIR irradiation might have 
a potential application for treating various forms of  can-
cer, including highly proliferative cells, since the schedule 
reduces discomfort and side effects, reaches the deep 
subcutaneous tissues and facilitates repeated irradiations.

In contrast, solar NIR radiation may also cause un-
expected muscle thinning and stimulation of  stem cells, 

including cancer stem cells, in areas of  the body that are 
exposed to the sun. Although various kinds of  sunscreen 
materials are often used to prevent skin damage from UV 
exposure, these materials cannot block visible light or NIR. 

Therefore, exposed skin should be protected with sun-
screens that block not only UV, but also NIR radiation, 
in order to prevent overlying skin ptosis, photoaging and 
oncogenicity. Additional non-thermal studies are required 
to decipher the biological effects of  NIR in humans.

RefeReNCes
1 Tanaka Y, Matsuo K, Yuzuriha S. Long-term evaluation of 

collagen and elastin following infrared (1100 to 1800 nm) ir-
radiation. J Drugs Dermatol 2009; 8: 708-712

2 Tanaka Y, Matsuo K, Yuzuriha S. Near-Infrared Irradiation 
Nonthermally Induces Long-lasting Vasodilation by Causing 
Apoptosis of Vascular Smooth Muscle Cells. Eplasty 2011; 11: 
e22

3 Tanaka Y, Matsuo K, Yuzuriha S. Long-lasting muscle thin-
ning induced by infrared irradiation specialized with wave-
lengths and contact cooling: a preliminary report. Eplasty 
2010; 10: e40

4 Tanaka Y, Matsuo K, Yuzuriha S. Long-lasting Relaxation of 
Corrugator Supercilii Muscle Contraction Induced by Near 
Infrared Irradiation. Eplasty 2011; 11: e6

5 Tanaka Y, Matsuo K. Non-thermal Effects of Near-Infrared 
Irradiation on Melanoma. In: Tanaka Y, editor. Breakthroughs 
in Melanoma Research. Croatia: InTech, 2011: 597-628

6 Tanaka Y, Kawashima M. The biological effects of near-

35 October 2, 2012|Volume 1|Issue 3|WJD|www.wjgnet.com

Tanaka Y. Impact of near-infrared in dermatology



36 October 2, 2012|Volume 1|Issue 3|WJD|www.wjgnet.com

infrared. Aesthet Dermatol 2012; 22: 100-109
7 Anderson RR, Parrish JA. The optics of human skin. J Invest 

Dermatol 1981; 77: 13-19
8 Karu T. Primary and secondary mechanisms of action of vis-

ible to near-IR radiation on cells. J Photochem Photobiol B 1999; 
49: 1-17

9 Tanaka Y, Matsuo K, Yuzuriha S, Shinohara H. Differential 
long-term stimulation of type I versus type III collagen after 
infrared irradiation. Dermatol Surg 2009; 35: 1099-1104

10 Tanaka Y, Matsuo K, Yuzuriha S. Long-term histological 
comparison between near-infrared irradiated skin and scar 
tissues. Clin Cosmet Investig Dermatol 2010; 3: 143-149

11 Tanaka Y, Matsuo K, Yuzuriha S. Objective assessment of 
skin rejuvenation using near-infrared 1064-nm neodymium: 
YAG laser in Asians. Clin Cosmet Investig Dermatol 2011; 4: 
123-130

12 Tanaka Y, Matsuo K, Yuzuriha S. Near-Infrared Irradiation 
Non-thermally Affects Subcutaneous Adipocytes and Bones. 
Eplasty 2011; 11: e12

13 Tanaka Y, Matsuo K, Yuzuriha S, Yan H, Nakayama J. Non-
thermal cytocidal effect of infrared irradiation on cultured 
cancer cells using specialized device. Cancer Sci 2010; 101: 
1396-1402

14 Tanaka Y, Tatewaki N, Nishida H, Eitsuka T, Ikekawa N, 
Nakayama J. Non-thermal DNA damage of cancer cells using 
near-infrared irradiation. Cancer Sci 2012; 103: 1467-1473

15 Tirlapur UK, König K. Femtosecond near-infrared laser 
pulse induced strand breaks in mammalian cells. Cell Mol Biol 
(Noisy-le-grand) 2001; 47 Online Pub: OL131-OL134

16 Danno K, Mori N, Toda K, Kobayashi T, Utani A. Near-
infrared irradiation stimulates cutaneous wound repair: labo-
ratory experiments on possible mechanisms. Photodermatol 
Photoimmunol Photomed 2001; 17: 261-265

17 Horwitz LR, Burke TJ, Carnegie D. Augmentation of wound 
healing using monochromatic infrared energy. Exploration of 
a new technology for wound management. Adv Wound Care 
1999; 12: 35-40

18 Schramm JM, Warner D, Hardesty RA, Oberg KC. A unique 
combination of infrared and microwave radiation accelerates 
wound healing. Plast Reconstr Surg 2003; 111: 258-266

19 Bäumler W, Abels C, Karrer S, Weiss T, Messmann H, 
Landthaler M, Szeimies RM. Photo-oxidative killing of hu-
man colonic cancer cells using indocyanine green and infra-
red light. Br J Cancer 1999; 80: 360-363

20 Kelleher DK, Thews O, Rzeznik J, Scherz A, Salomon Y, Vau-
pel P. Water-filtered infrared-A radiation: a novel technique 
for localized hyperthermia in combination with bacteriochlo-
rophyll-based photodynamic therapy. Int J Hyperthermia 1999; 
15: 467-474

21 Dees C, Harkins J, Petersen MG, Fisher WG, Wachter EA. 
Treatment of murine cutaneous melanoma with near infrared 
light. Photochem Photobiol 2002; 75: 296-301

22 Orenstein A, Kostenich G, Kopolovic Y, Babushkina T, Malik 
Z. Enhancement of ALA-PDT damage by IR-induced hy-
perthermia on a colon carcinoma model. Photochem Photobiol 
1999; 69: 703-707

23 Schieke SM, Schroeder P, Krutmann J. Cutaneous effects of 
infrared radiation: from clinical observations to molecular 
response mechanisms. Photodermatol Photoimmunol Photomed 
2003; 19: 228-234

24 Schroeder P, Lademann J, Darvin ME, Stege H, Marks C, 
Bruhnke S, Krutmann J. Infrared radiation-induced matrix 
metalloproteinase in human skin: implications for protection. 
J Invest Dermatol 2008; 128: 2491-2497

25 Pujol JA, Lecha M. Photoprotection in the infrared radiation 
range. Photodermatol Photoimmunol Photomed 1992-1993; 9: 
275-278

26 Darvin ME, Haag S, Meinke M, Zastrow L, Sterry W, Lade-
mann J. Radical production by infrared A irradiation in hu-
man tissue. Skin Pharmacol Physiol 2010; 23: 40-46

27 Schroeder P, Calles C, Benesova T, Macaluso F, Krutmann 
J. Photoprotection beyond ultraviolet radiation--effective 
sun protection has to include protection against infrared A 
radiation-induced skin damage. Skin Pharmacol Physiol 2010; 
23: 15-17

28 Meinke MC, Haag SF, Schanzer S, Groth N, Gersonde I, 
Lademann J. Radical protection by sunscreens in the infrared 
spectral range. Photochem Photobiol 2011; 87: 452-456

29 Frank S, Oliver L, Lebreton-De Coster C, Moreau C, Lecabel-
lec MT, Michel L, Vallette FM, Dubertret L, Coulomb B. Infra-
red radiation affects the mitochondrial pathway of apoptosis 
in human fibroblasts. J Invest Dermatol 2004; 123: 823-831

30 Chan HH, Yu CS, Shek S, Yeung CK, Kono T, Wei WI. A pro-
spective, split face, single-blinded study looking at the use 
of an infrared device with contact cooling in the treatment of 
skin laxity in Asians. Lasers Surg Med 2008; 40: 146-152

31 Goldberg DJ. New collagen formation after dermal remod-
eling with an intense pulsed light source. J Cutan Laser Ther 
2000; 2: 59-61

32 Ross EV, Sajben FP, Hsia J, Barnette D, Miller CH, McKinlay 
JR. Nonablative skin remodeling: selective dermal heating 
with a mid-infrared laser and contact cooling combination. 
Lasers Surg Med 2000; 26: 186-195

33 Zelickson B, Ross V, Kist D, Counters J, Davenport S, Spoon-
er G. Ultrastructural effects of an infrared handpiece on fore-
head and abdominal skin. Dermatol Surg 2006; 32: 897-901

34 Bitter PH. Noninvasive rejuvenation of photodamaged skin 
using serial, full-face intense pulsed light treatments. Derma-
tol Surg 2000; 26: 835-842; discussion 843

35 Kligman LH. Intensification of ultraviolet-induced dermal 
damage by infrared radiation. Arch Dermatol Res 1982; 272: 
229-238

36 Kim HH, Lee MJ, Lee SR, Kim KH, Cho KH, Eun HC, Chung 
JH. Augmentation of UV-induced skin wrinkling by infra-
red irradiation in hairless mice. Mech Ageing Dev 2005; 126: 
1170-1177

37 Kochevar IE, Pathak MA, Parrish JA. Photophysics, pho-
tochemistry and photobiology. In: Freedberg IM, Eisen 
AZ, Wolff K, Austen KF, Goldsmith LA, Katz SI, editors. 
Fitzpatrick’s Dermatology in General Medicine. New York: 
McGraw-Hill, 1999: 220-229

38 Gates DM. Spectral Distribution of Solar Radiation at the 
Earth’s Surface. Science 1966; 151: 523-529

39 Davenport SA, Gollnick DA, Levernier M, Spooner GJR. 
Method and system for treatment of post-partum abdominal 
skin redundancy or laxity. United States Patent 20060052847 
Available from: URL: http://www.freepatentsonline.com/
y2006/0052847.html

40 Goldberg DJ, Hussain M, Fazeli A, Berlin AL. Treatment of 
skin laxity of the lower face and neck in older individuals 
with a broad-spectrum infrared light device. J Cosmet Laser 
Ther 2007; 9: 35-40

41 Karu T, Pyatibrat L, Kalendo G. Irradiation with He--Ne laser 
can influence the cytotoxic response of HeLa cells to ionizing 
radiation. Int J Radiat Biol 1994; 65: 691-697

42 Tafur J, Mills PJ. Low-intensity light therapy: exploring the 
role of redox mechanisms. Photomed Laser Surg 2008; 26: 
323-328

43 Kujawa J, Zavodnik IB, Lapshina A, Labieniec M, Brysze-
wska M. Cell survival, DNA, and protein damage in B14 cells 
under low-intensity near-infrared (810 nm) laser irradiation. 
Photomed Laser Surg 2004; 22: 504-508

44 Danno K, Horio T, Imamura S. Infrared radiation suppresses 
ultraviolet B-induced sunburn-cell formation. Arch Dermatol 
Res 1992; 284: 92-94

45 Menezes S, Coulomb B, Lebreton C, Dubertret L. Non-coher-
ent near infrared radiation protects normal human dermal 
fibroblasts from solar ultraviolet toxicity. J Invest Dermatol 
1998; 111: 629-633

46 Kim MS, Kim YK, Cho KH, Chung JH. Infrared exposure 

Tanaka Y. Impact of near-infrared in dermatology



37 October 2, 2012|Volume 1|Issue 3|WJD|www.wjgnet.com

induces an angiogenic switch in human skin that is partially 
mediated by heat. Br J Dermatol 2006; 155: 1131-1138

47 Kligman LH, Kligman AM. Reflections on heat. Br J Dermatol 
1984; 110: 369-375

48 Dover JS, Phillips TJ, Arndt KA. Cutaneous effects and thera-
peutic uses of heat with emphasis on infrared radiation. J Am 
Acad Dermatol 1989; 20: 278-286

49 Odunze M, Rosenberg DS, Few JW. Periorbital aging and 
ethnic considerations: a focus on the lateral canthal complex. 
Plast Reconstr Surg 2008; 121: 1002-1008

50 Guinot C, Malvy DJ, Ambroisine L, Latreille J, Mauger E, Te-
nenhaus M, Morizot F, Lopez S, Le Fur I, Tschachler E. Rela-
tive contribution of intrinsic vs extrinsic factors to skin aging 
as determined by a validated skin age score. Arch Dermatol 
2002; 138: 1454-1460

51 Nagashima H, Hanada K, Hashimoto I. Correlation of skin 
phototype with facial wrinkle formation. Photodermatol Photo-
immunol Photomed 1999; 15: 2-6

52 Rawlings AV. Ethnic skin types: are there differences in skin 
structure and function? Int J Cosmet Sci 2006; 28: 79-93

53 Tsukahara K, Fujimura T, Yoshida Y, Kitahara T, Hotta M, 
Moriwaki S, Witt PS, Simion FA, Takema Y. Comparison of 
age-related changes in wrinkling and sagging of the skin in 
Caucasian females and in Japanese females. J Cosmet Sci 2004; 
55: 351-371

54 Finlayson GR, Sams WM, Smith JG. Erythema ab igne: a his-
topathological study. J Invest Dermatol 1966; 46: 104-108

55 Arrington JH, Lockman DS. Thermal keratoses and squa-
mous cell carcinoma in situ associated with erythema ab igne. 
Arch Dermatol 1979; 115: 1226-1228

56 Hewitt JB, Sherif A, Kerr KM, Stankler L. Merkel cell and 
squamous cell carcinomas arising in erythema ab igne. Br J 
Dermatol 1993; 128: 591-592

57 Jones CS, Tyring SK, Lee PC, Fine JD. Development of neu-
roendocrine (Merkel cell) carcinoma mixed with squamous 
cell carcinoma in erythema ab igne. Arch Dermatol 1988; 124: 
110-113

58 RUSCH HP, KLINE BE. The influence of a rest period on 
the carcinogenicity of ultraviolet irradiation applied in inter-
rupted doses. Cancer Res 1946; 6: 486

59 Dougherty TJ, Gomer CJ, Henderson BW, Jori G, Kessel D, 
Korbelik M, Moan J, Peng Q. Photodynamic therapy. J Natl 
Cancer Inst 1998; 90: 889-905

60 Lobel J, MacDonald IJ, Ciesielski MJ, Barone T, Potter WR, 
Pollina J, Plunkett RJ, Fenstermaker RA, Dougherty TJ. 
2-[1-hexyloxyethyl]-2-devinyl pyropheophorbide-a (HPPH) 
in a nude rat glioma model: implications for photodynamic 
therapy. Lasers Surg Med 2001; 29: 397-405

61 Busetti A, Soncin M, Jori G, Kenney ME, Rodgers MA. Treat-
ment of malignant melanoma by high-peak-power 1064 nm 
irradiation followed by photodynamic therapy. Photochem 
Photobiol 1998; 68: 377-381

62 Santana-Blank LA, Rodríguez-Santana E, Vargas F, Reyes 
H, Fernández-Andrade P, Rukos S, Santana-Rodríguez KE. 
Phase I trial of an infrared pulsed laser device in patients 
with advanced neoplasias. Clin Cancer Res 2002; 8: 3082-3091

63 Weyer LG. Near-infrared spectroscopy of organic substances. 
Appl Spectrosc Rev 1985; 21: 1-43

64 Tsai CL, Chen JC, Wang WJ. Near-infrared absorption prop-
erty of biological soft tissue constituents. J Med Biol Eng 2001; 
21: 7-14

65 Nevskaya NA, Chirgadze YN. Infrared spectra and reso-
nance interactions of amide-I and II vibration of alpha-helix. 
Biopolymers 1976; 15: 637-648

66 Prokocimer M, Davidovich M, Nissim-Rafinia M, Wiesel-
Motiuk N, Bar DZ, Barkan R, Meshorer E, Gruenbaum Y. 

Nuclear lamins: key regulators of nuclear structure and ac-
tivities. J Cell Mol Med 2009; 13: 1059-1085

67 Hutchison CJ, Worman HJ. A-type lamins: guardians of the 
soma? Nat Cell Biol 2004; 6: 1062-1067

68 Mounkes LC, Kozlov S, Hernandez L, Sullivan T, Stewart 
CL. A progeroid syndrome in mice is caused by defects in 
A-type lamins. Nature 2003; 423: 298-301

69 Smith ED, Kudlow BA, Frock RL, Kennedy BK. A-type 
nuclear lamins, progerias and other degenerative disorders. 
Mech Ageing Dev 2005; 126: 447-460

70 Broers JL, Ramaekers FC, Bonne G, Yaou RB, Hutchison CJ. 
Nuclear lamins: laminopathies and their role in premature 
ageing. Physiol Rev 2006; 86: 967-1008

71 Mounkes LC, Stewart CL. Aging and nuclear organization: 
lamins and progeria. Curr Opin Cell Biol 2004; 16: 322-327

72 Stuurman N, Heins S, Aebi U. Nuclear lamins: their struc-
ture, assembly, and interactions. J Struct Biol 1998; 122: 42-66

73 Zaremba-Czogalla M, Dubińska-Magiera M, Rzepecki R. 
Laminopathies: the molecular background of the disease 
and the prospects for its treatment. Cell Mol Biol Lett 2011; 16: 
114-148

74 Sullivan T, Escalante-Alcalde D, Bhatt H, Anver M, Bhat N, 
Nagashima K, Stewart CL, Burke B. Loss of A-type lamin ex-
pression compromises nuclear envelope integrity leading to 
muscular dystrophy. J Cell Biol 1999; 147: 913-920

75 Newport JW, Wilson KL, Dunphy WG. A lamin-independent 
pathway for nuclear envelope assembly. J Cell Biol 1990; 111: 
2247-2259

76 Liu J, Lee KK, Segura-Totten M, Neufeld E, Wilson KL, Gru-
enbaum Y. MAN1 and emerin have overlapping function(s) 
essential for chromosome segregation and cell division in 
Caenorhabditis elegans. Proc Natl Acad Sci USA 2003; 100: 
4598-4603

77 Gerace L, Blobel G. The nuclear envelope lamina is reversibly 
depolymerized during mitosis. Cell 1980; 19: 277-287

78 Yang L, Guan T, Gerace L. Integral membrane proteins of the 
nuclear envelope are dispersed throughout the endoplasmic 
reticulum during mitosis. J Cell Biol 1997; 137: 1199-1210

79 Peter M, Nakagawa J, Dorée M, Labbé JC, Nigg EA. In vi-
tro disassembly of the nuclear lamina and M phase-specific 
phosphorylation of lamins by cdc2 kinase. Cell 1990; 61: 
591-602

80 Nigg EA. Assembly and cell cycle dynamics of the nuclear 
lamina. Semin Cell Biol 1992; 3: 245-253

81 Yoshimura K, Suga H, Eto H. Adipose-derived stem/pro-
genitor cells: roles in adipose tissue remodeling and potential 
use for soft tissue augmentation. Regen Med 2009; 4: 265-273

82 Suga H, Matsumoto D, Eto H, Inoue K, Aoi N, Kato H, Araki J, 
Yoshimura K. Functional implications of CD34 expression in 
human adipose-derived stem/progenitor cells. Stem Cells Dev 
2009; 18: 1201-1210

83 Srinivasan S, Pogue BW, Jiang S, Dehghani H, Kogel C, Soho 
S, Gibson JJ, Tosteson TD, Poplack SP, Paulsen KD. Interpret-
ing hemoglobin and water concentration, oxygen saturation, 
and scattering measured in vivo by near-infrared breast to-
mography. Proc Natl Acad Sci USA 2003; 100: 12349-12354

84 van Veen RL, Sterenborg HJ, Pifferi A, Torricelli A, Chikoid-
ze E, Cubeddu R. Determination of visible near-IR absorp-
tion coefficients of mammalian fat using time- and spatially 
resolved diffuse reflectance and transmission spectroscopy. J 
Biomed Opt 2005; 10: 054004

85 Pekovic V, Harborth J, Broers JL, Ramaekers FC, van Enge-
len B, Lammens M, von Zglinicki T, Foisner R, Hutchison C, 
Markiewicz E. Nucleoplasmic LAP2alpha-lamin A complexes 
are required to maintain a proliferative state in human fibro-
blasts. J Cell Biol 2007; 176: 163-172

S- Editor  Gou SX    L- Editor  Roemmele A    E- Editor  Zheng XM

Tanaka Y. Impact of near-infrared in dermatology


