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Abstract. The incidence of atopic dermatitis (AD) has 
recently increased due to various factors. Its prevalence is 
higher among children and teenagers than in other age groups. 
Numerous methods to treat AD are available, including light 
ray therapy, which has been proposed as an alternative therapy 
for the treatment of AD. The present study aimed to evaluate 
the curative mechanism and optimal energy level of energy 
irradiation from a low‑level laser (LLL) toward AD. AD was 
induced in BALB/c mice with dinitrochlorobenzene (DNCB) 
solution. The mice were divided into six groups, including 
one normal control (n=8), one AD control (n=10) and four AD 
experimental groups with LLL irradiation at 2 J/cm2 (n=10), 
4 J/cm2 (n=10), 6 J/cm2 (n=9) and 8 J/cm2 (n=10). Following AD 
induction, an LLL was applied to the four AD experimental 
groups for 2, 4, 6, and 8 min, for two weeks (14 times in total) 
at a wavelength of 650 nm and an output of 50 mW. The effects 
of irradiation on AD were evaluated using a scratch test, a 
clinical skin severity test, immunoglobulin‑E (IgE) analysis 
and measurements of numerous cytokine levels, including 
interleukin (IL)‑4, IL‑6, tumor necrosis factor (TNF)‑α, and 
interferon‑γ (IFN‑γ), tissue thickness and mast cell count. 
The results demonstrated that serum IgE level in all irradiated 
groups was significantly decreased compared with that of the 
AD control group, and IL‑4 level was significantly decreased 
in all irradiated groups apart from the 8 J/cm2 LLL irradiated 
group. IL‑6 and TNF‑α levels were also significantly decreased 
in all irradiated groups. The results from histological analysis 

revealed diminished epidermal thickness and mast cell counts 
in irradiated mice compared with those mice in the AD 
control group. In summary, these findings suggested that LLL 
irradiation may alleviate symptoms of AD and may be useful 
for restoring cytokines levels and tissues features to normal 
levels.

Introduction

Atopic dermatitis (AD) is a complex disease (1) caused by 
numerous environmental factors, such as stress from various 
types of environmental pollution, immunological factors (2), 
including increased serum immunoglobulin‑E (IgE) levels 
and imbalance between T helper type 1 (Th1) and Th2 cells, 
and genetic factors (3,4). Th2 cells secrete cytokines, 
including interleukin (IL)‑4, IL‑5, IL‑6, and IL‑10, and are 
therefore involved in humoral immunity, while Th1 cells 
secrete interferon (IFN)‑γ and IL‑2, which are involved in 
cellular immunity. In AD, the levels of IL‑4, IL‑6 and tumor 
necrosis factor‑α (TNF‑α) tend to increase, whereas IFN‑γ 
level tends to decrease (5). Furthermore, the number of 
Langerhans cells and activation of mast cells are increased 
in AD (6).

The main treatments for AD include local steroids, anti‑
histamine creams and immunomodulators. Furthermore, 
IFN‑γ‑based drugs and immunosuppressants are typically 
administered. However, previous studies have focused on 
phototherapy, including UV phototherapy and infrared light 
emitting diode therapy (5,7‑11). 

Low‑level laser (LLL) therapy (LLLT), which is a method 
using phototherapy, uses low power (≤500 mW) and produces 
minimal heat. Its therapeutic effect is mainly driven by the 
stimulation of cells with photo‑energy (12,13). In addition, 
unlike sunlight, LLLT has a narrow wavelength bandwidth, 
allowing emission from a specific light source to be directed 
onto a focused and localized area. This technique is therefore 
effective for the treatment of a specific area.

The effects of LLLT in human tissues are mainly driven 
by the absorption of energy by specific photoreceptors, such 
as porphyrin and cytochrome c oxidase. Absorption of energy 
by these receptors promotes intracellular oxygen synthesis, 
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mitochondrial ATP synthesis, chemiosmosis, DNA replica‑
tion and infiltration of Ca2+ into the cell cytoplasm (14). These 
effects subsequently promote cell proliferation and migration, 
increase tissue oxygenation and control cytokine concentra‑
tion, growth factors and inflammation (12,15). Furthermore, 
LLLT treatment increases blood flow to regenerate tissues, 
provides tension to the skin by promoting collagen production 
by fibroblasts, promotes cell division to stimulate cell growth, 
promotes bone regeneration and rearrangement, corrects 
abnormal hormones level and reduces pain (15‑17). Based on 
these effects, numerous studies have reported that laser therapy 
displays some positive effects on several musculoskeletal 
diseases, rheumatoid arthritis, post‑herpetic neuralgia, pain, 
inflammation, edema, cut wounds, nerve damage and neural 
regeneration (18‑26).

Previous studies have examined the use of laser therapy in 
the treatment of AD (18,27‑32). However, these studies used 
different types of laser and dosages and only demonstrated 
that laser therapy is clinically effective against AD. To the best 
of our knowledge, only few studies have thoroughly assessed 
the underlying mechanism of laser therapy therapeutic effect 
and suggested an optimal dosage.

The present study aimed to investigate the effects of LLLT 
on AD using clinical skin severity testing, scratch testing, total 
serum IgE and IL‑4 level evaluation, as well as examined the 
gene expression of various cytokines (IL‑4, IL‑6, TNF‑α, 
IFN‑γ), epidermal thickness and mast cell counts.

Materials and methods

Animals. All experimental procedures and animal handling 
were performed following approval from the animal 
research ethics board of Sahmyook University (approval 
no. SYUIACUC2017‑004). A total of 71 4‑week‑old BALB/c 
mice (weight, 16‑18 g) were purchased from the laboratory 
animal center of Hallym Co. (gyeonggi, South Korea). Mice 
were acclimatized for seven days in the animal room at the 
Center for Neurological Sciences, Sahmyook University. 
Animals had free access to food and water, and the temperature, 
humidity and day‑night cycle were automatically controlled at 
23±2˚C, 55±10% and a 12‑h cycle, respectively.

Sensitization and challenge. The backs of all the mice were 
shaved clean and a 24‑h recovery period was provided for the 
micro‑wounds on the skin to heal. To induce AD, compound 
1‑chloro‑2,4‑di‑nitrobenzene (DNCB; Sigma‑Aldrich; Merck 
KGaA) solution (at 2.5%) was prepared by mixing acetone 
and olive oil in a 3:1 ratio to which DNCB was added. The 
compound DNCB solution (200 µl; volume given on day 1) 
was applied to the backs of the mice to induce immune 
responses. From day 3, 1.0% DNCB solution (150 µl) was 
applied once every three days, and eschar formation and 
more severe scratching were observed by the second applica‑
tion of the solution. The eschars started to fall off after the 
fourth application and had completely disappeared before the 
fifth application when AD was observed. At this time point, 
physical intervention with a LLL was initiated. To prevent 
natural healing while LLLT was performed, 1.0% DNCB 
solution (150 µl) was applied to the backs of the mice once 
every three days (33,34).

LLL irradiation. A diode laser therapy instrument (StraTek 
Co., Ltd.) at a wavelength of 650 nm and power of 50 mW was 
used for LLLT. The laser was emitted at a minimum intensity 
of 2 J/cm2 and a maximum intensity of 8 J/cm2. The scanning 
method was used for laser emission by setting the scanning 
speed to ‘fast’ in order to reproduce the same effect as that of 
a continuous laser emission.

An area of 3 cm2 on the back of each mouse was treated, and 
the energy density (J/cm2) was calculated from the laser output 
(W), duration (sec) and therapeutic area (J/cm2) as follows (35): 
Energy density=(laser output x duration)/therapeutic area.

There were six different groups in total. In the normal 
control group (n=8), only the solvent (acetone and olive oil mix 
in a 3:1 ratio; 200 µl) was applied to the backs of the mice. The 
five experiment groups were the following: One control group 
with induced AD (n=10) and four experimental groups with 
induced AD followed by treatment with LLLT at difference 
energy density [Laser 2 at 2 J/cm2 (n=10); Laser 4 at 4 J/cm2 
(n=10); Laser 6 at 6 J/cm2 (n=9); and Laser 8 at 8 J/cm2 (n=10)]. 
Laser therapy was administered daily for two weeks (14 times 
in total).

Clinical skin severity test. Sensory evaluation is a clinical 
assessment involving physical examination. In total, two 
researchers performed this evaluation, and if there were differ‑
ences, the results was determined via discussion. The outcome 
was represented as the sum of scores from five different 
categories. These five categories include erythema, pruritus 
and dry skin, edema and excoriation, erosion and lichenifica‑
tion. For each category, appropriate evaluation was performed 
and a score was assigned as follows: None (0), weak (1), inter‑
mediate (2) and severe (3). Subsequently, the final score ranged 
from 0 to 15 (36,37).

After five applications of DNCB solution (150 µl), a 
clinical skin severity test of the mice was performed. A total 
of 13 mice with sensory evaluation scores of ≤12 points were 
then excluded.

An LLL was emitted, at a wavelength of 650 nm and power 
of 50 mW, 14 times in total over a 2‑week period. Each group 
were exposed to each particular duration only (for 2, 4, 6 and 
8 min each time/day). Sensory evaluation (clinical skin severity 
test) and a scratch test were performed at the following time 
points: Before therapy and at days 1, 3, 7 and 14 of therapy. 
on day 14 of therapy, the experiment was complete, and the 
mice were sacrificed via cervical dislocation after anesthesia. 
The serum levels of IgE and IL‑4 and the mRNA expression 
of IL‑4, IL‑6, TNF‑α and IFN‑γ were then evaluated. Finally, 
the tissues were stained using hematoxylin and eosin (H&E) 
and toluidine blue to evaluate the tissue condition and mast 
cell count. 

Scratch test. Scratching behavior was observed and the numbers 
of scratching episodes counted for 14 days. Scratching was 
evaluated using a slightly modified version of the traditional 
method, which was performed for 1 h from 30 min before and 
after application of the test substance (37,38). The number of 
scratching movements made by the mice was measured during 
a 60‑min time period before LLLT, a 30‑min time period after 
LLLT, a 30‑min time period after stabilization and a 30‑min 
time period after 24 h on days 1, 3, 7 and 14 of LLLT.
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Measurement of serum IgE and IL‑4 levels. on the last day of 
the experiment, 0.6‑0.8 ml of mouse blood was collected by 
cardiac puncture after euthanasia and left at room tempera‑
ture to allow blood coagulation. The sample was centrifuged 
(‑18˚C) at 1,000 x g for 7 min, and the separated serum was 
stored at ‑80˚C.

IgE and IL‑4 concentrations in mouse serum were measured 
by ELISA. Mouse IgE and IL‑4 ELISA kits (cat. nos. 555248 
and 555232; BD optEIA™; BD Biosciences) were provided 
by BD Pharmingen; BD Biosciences. The ELISA plates were 
coated with coating buffer that contains the capture antibody, 
one day before the experiment. on the day of the experiment, 
the plate was washed with washing buffer containing 0.05% 
Tween‑20 in PBS. The plates were blocked with PBS containing 
10% FBS (cat. no. FBS001‑HI, Sigma‑Aldrich; Merck KGaA). 
After additional washing with the washing buffer, 100 µl of 
standard IgE and mouse serum were added into each well. 
After incubation at room temperature for 2 h, the plate was 
washed, the detection antibody solution was added and the 
plate was incubated at room temperature for an additional 1 h 
for the reaction to occur. After the final wash with washing 
buffer, the substrate solution was added, and the plate was incu‑
bated in the dark. After 30 min, the color was confirmed and 
2 N sulfuric acid was added to stop the reaction. The optical 
density was measured at 450 nm on an ELISA plate reader to 
determine the concentrations of IgE and IL‑4.

Weight of spleen. At the end of the experiment, the mice were 
sacrificed by cervical dislocation and the spleen was extracted. 
The weight of the spleen was evaluated using an Electronic 
Scale (cat. no. CP224S; Sartorius Ag) (33,39) and tissues were 
stored at ‑80˚C.

Reverse transcription‑quantitative (RT‑q)PCR. The mRNA 
expression of IL‑4, IL‑6, TNF‑α, and IFN‑γ was evaluated 
in spleen tissues by RT‑qPCR as previously described (40). 
Spleen tissues stored at ‑80˚C were thawed on ice and homog‑
enized in an e‑tube containing 1 ml Total RNA isolation 
solution (RiboEX™; geneAll Biotechnology Co., Ltd.) using a 
homogenizer. gene extraction solution (geneAll®Hybrid‑R™; 

geneAll Biotechnology Co., Ltd.) was used to extract RNA from 
the tissues. The concentration of extracted RNA was measured 
with a NanoDrop ND‑1,000 Spectrometer (NanoDrop prod‑
ucts), and cDNA was obtained using AccuPower® CycleScript 
RT PreMix (Bioneer Corporation). Samples were stored at 
‑80˚C until further analysis. RT‑qPCR was run using SYBR® 
green (Solgent Co., Ltd.). RT‑qPCR was performed. The 
sequences of the primers used are presented in Table I. The 
relative expression levels were normalized to endogenous 
control and were expressed as 2‑ΔΔCq (41).

Histopathological analysis of mast cells and tissues. As soon 
as mice were sacrificed and at the end of the full protocol, 
mouse skin tissues from the lesions were biopsied from the 
backs of mice. To ensure that skin biopsies were performed 
at identical positions in all mice, the biopsies were collected 
from an area (1.5x1.5 cm2) immediately above the line dividing 
the back of the mouse in half. Fixed tissues in 10% formalin 
(18‑20˚C, 2 days) were embedded in paraffin and 5 µm‑thick 
blocks were prepared. H&E staining was subsequently 

performed to identify edema and measure the epidermal thick‑
ness in different tissues. Toluidine blue staining was also used 
to identify mast cells and to observe any potential infiltration 
of mast cells into the tissues. The number of mast cells that 
were stained by toluidine blue within one square of the grid 
lines (magnification, x40 and x100, HNM005 HiMaxthe®) was 
counted and the value was represented as cell count/mm2 (42). 
When mast cells are activated, substances contained in gran‑
ules, such as histamine, are degranulated, and lipid mediators 
such as cytokines, prostaglandins and leukotriene, are newly 
synthesized and secreted. These substances cause symptoms 
such as vasodilation, extravasation of white blood cells and 
inflammatory reactions (43). Therefore, the current experiment 
observed the number of granulated cells and degranulated 
cells.

Statistical analysis. All data were presented as the means ± 
standard error of the mean. For evaluations involving temporal 
variables, including sensory evaluation and scratch test, 
two‑way mixed repeated ANoVA was used followed by 
Bonferroni post hoc test. one‑way ANoVA followed by 
Dunnett's post hoc test was used to compare the weights of 
the spleen and levels of IgE, IL‑4, IL‑6, TNF‑α and IFN‑γ 
between different groups. P<0.05 was considered to indicate 
a statistically significant difference. All statistical analyses 
were performed using graphPad Prism software version 5.02 
(graphPad Software, Inc.).

Results

Effects of LLLT on the clinical skin severity and scratch tests. 
To understand the effects of LLL irradiation on sensory evalu‑
ation and scratching, mice were evaluated using a clinical skin 

Table I. Sequence of the primers used for reverse transcrip‑
tion‑quantitative PCR.

gene Sequences

IL‑4 
  Forward 5'‑AAgAACACCACAgAgAgTgAgCTC‑3'
  Reverse 5'‑TTTCAgTgATgTggACTTggACTC‑3'
IL‑6 
  Forward 5'‑CAAgAgACTTCCATCCAgTTgC‑3'
  Reverse 5'‑TTgCCgAgTAgATCTCAAAgTgAC‑3'
TNF‑α 
  Forward 5'‑ATgAgCACAgAAAgCATgATC‑3'
  Reverse 5'‑TACAggCTTgTCACTggAATT‑3'
IFN‑γ 
  Forward 5'‑gCCATCAgCAACAACATAAgCgTC‑3'
  Reverse 5'‑CCACTCggATgAgCTCATTgAATg‑3'
gAPDH 
  Forward 5'‑gAggggCCATCCACAgTCTTC‑3'
  Reverse 5'‑CATCACCATCTTCCAggAgCg‑3'

IL‑4, interleukin‑4; IL‑6, Interleukin‑6; TNF‑α, Tumor necrosis 
factor‑α; IFN‑γ, interferon‑γ.
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severity test and a scratch test before LLLT and on days 1, 3, 7 
and 14 of LLLT. From day 7 of LLLT, decrease in the clinical 
skin severity test in the Laser 4 (P<0.01) and Laser 6 groups 
(P<0.001) compared with the AD group was observed. 
Furthermore on day 7 of LLLT mice in the Laser 6 group 
showed significantly reduced scratching compared with the 
atopy group (P<0.01). By day 14, all experimental groups 
exhibited significant decrease in scratching and the clinical 
skin severity test compared with the AD group (P<0.001; 
Fig. 1).

Effects of LLLT on serum IgE and IL‑4 concentrations. We 
measured the serum concentrations of IgE and IL‑4 using 
ELISA in experimental mice with induced AD. In the AD 
control group, IgE concentration was significantly increased 
compared with normal control group (P<0.001). In addi‑
tion, IgE concentration was significantly decreased in the 
experimental groups treated with LLLT compared with AD 
control group (Fig. 2A). Similarly, IL‑4 concentration in the 
AD control group was significantly elevated compared with 
normal control group (P<0.01). Furthermore, IL‑4 level was 
significantly decrease in all experimental groups treated with 
LLLT compared with AD control group (P<0.01; Fig. 2B).

Weight of spleen. The weight of the spleen was measured 
at the end of the experiments to determine the effect of 

LLL on the immunization of laboratory animals caused 
by AD. The results demonstrated that the weight of spleen 
was significantly increased in the AD group compared with 
normal group (P<0.001). In addition, the experimental groups 
Laser 2 (P<0.001), Laser 4 (P<0.001), Laser 6 (P<0.001) and 
Laser 8 J/cm2 (P<0.01) exhibited significantly decreased spleen 
weight compared with AD control group (Fig. 3A).

Effects of LLLT on the mRNA expression of IL‑4, IL‑6, TNF‑α 
and IFN‑γ. The expression levels of IL‑4, IL‑6, TNF‑α and 
IFN‑γ in experimental mice with induced AD were assessed 
using RT‑qPCR. IL‑6 and TNF‑ α expression levels in AD 
group were significantly increased compared with normal 
group. Moreover, IL‑4 expression levels in AD group were not 
significantly increased compared with normal group, but IL‑4 
expression was significantly decreased in all experimental 
groups compared with AD group, except Laser 6 (Fig. 3B). 
IL‑6 and TNF‑α expression was significantly decreased in all 
experimental groups compared with AD group (Fig. 3C and D). 

Effects of LLLT on skin tissue. Changes in epidermal thick‑
ness, structure and number of mast cells in mouse tissues are 
presented in Fig. 4. The epidermal thickness was determined 
in all tissues. The results revealed a significant increase in 
epidermal thickness in the AD control group compared with 
the normal group (P<0.001). Furthermore, all experimental 

Figure 1. Effects of LLLT on the clinical skin severity and scratch tests. (A) Clinical skin severity test. (B) Scratch test. Day 0: Before Low Level Laser 
irradiation; Day 1: At days 1 of Low Level Laser irradiation; Day 3: At days 3 of Low Level Laser irradiation; Day 7: At days 7 of Low Level Laser irradiation; 
Day 14: At days 14 of Low Level Laser irradiation; Normal: Normal control group; Atopy: only induced atopic dermatitis; Laser2 at 2 J/cm2 (n=10); Laser4 at 
4 J/cm2 (n=10); Laser6 at 6 J/cm2 (n=9); and Laser8 at 8 J/cm2 (n=10). *P<0.05, **P<0.01, ***P<0.001 vs. Atopy; #P<0.05, ###P<0.001 vs. Normal.

Figure 2. Effects of LLLT on serum IgE and IL‑4 concentrations. (A) Effects of LLLT on serum IgE concentration. (B) IL4 concentration. Normal: Normal 
control group; Atopy: only induced atopic dermatitis; Laser2 at 2 J/cm2 (n=10); Laser4 at 4 J/cm2 (n=10); Laser6 at 6 J/cm2 (n=9); and Laser8 at 8 J/cm2 (n=10). 
*P<0.05, **P<0.01 vs. Atopy; ##P<0.01, ###P<0.001 vs. Normal.
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groups treated with LLLT exhibited significantly reduced 
epidermal thickness compared with the AD group (P<0.001). 
Furthermore, according to results from H&E staining, the 
AD group showed increased epidermal and dermal thickness, 
as well as markedly increased hyperkeratinization near the 
lesion, compared with the normal group. Furthermore, the 

experimental groups treated with LLLT showed decreased 
epidermal and dermal thickness similar to that of the normal 
group, and the hyperkeratinization was improved.

The total number of mast cells, granulated and degranu‑
lated cells within an area of 1 mm2 of the tissues was 
subsequently assessed in all tissues. The results demonstrated 

Figure 3. Weight of spleen and mRNA expression levels. (A) Effects of LLLT on weight of spleen. Effects of LLLT on mRNA expression levels of (B) IL4, 
(C) IL‑6 and (D) TNF‑α. Normal: Normal control group; Atopy: only induced atopic dermatitis; Laser2 at 2 J/cm2 (n=10); Laser4 at 4 J/cm2 (n=10); Laser6 at 
6 J/cm2 (n=9); and Laser8 at 8 J/cm2 (n=10). *P<0.05, **P<0.01, ***P<0.001 vs. Atopy; ##P<0.01, ###P<0.001 vs. Normal. IL‑4, interleukin‑4; IL‑6, interleukin‑6; 
TNF‑α, tumor necrosis factor‑α.

Figure 4. Effects of LLLT on skin tissue. (A) Changes in epidermal thickness. (B) Number of mast cells in the tissue. (C) Histopathological analyses of mast 
cells and tissues (magnification, x40 x100). Normal: Normal control group; Atopy: Only induced atopic dermatitis; Laser2 at 2 J/cm2 (n=10); Laser4 at 4 J/cm2 
(n=10); Laser6 at 6 J/cm2 (n=9); and Laser8 at 8 J/cm2 (n=10). **P<0.01, ***P<0.001 vs. Atopy; ###P<0.001 vs. Normal.
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that the total number of mast cells in the experimental groups 
treated with LLLT was significantly lower compared with 
that in the AD group (P<0.001). The number of granulated 
cells in the AD control group was slightly higher than that 
in the normal group. The experimental groups treated with 
LLLT presented similar numbers of granulated cells to that 
in the AD group. The number of degranulated cells in the AD 
group was significantly increased compared with the normal 
group (P<0.001). In addition, the experimental groups treated 
with LLLT exhibited a significantly decreased number of 
degranulated cells compared with the AD control group 
(P<0.001).

Discussion

The effects of LLLT on relieving the symptoms of dermatitis 
have been previously demonstrated in clinical settings (17,44). 

The present study attempted therefore to confirm the curative 
effect of a ‘designed’ energy irradiation dose of LLL towards 
AD. 

The wavelength used in the present study was 650 nm, which 
is within the range of suggested wavelengths (630‑660 nm) 
for inflammation therapy (45). It has been reported that LLL 
at 1‑6 J/cm2 is effective against acute and subacute inflam‑
mations, while LLL at 4‑8 J/cm2 is effective against chronic 
inflammations, such as atopic dermatitis and arthritis (35). 
According to the World Association for Laser Therapy, the 
red wavelength doses used for superficial diseases tend to be 
~4 J/cm2 (32). The present study used therefore laser outputs of 
2, 4, 6 and 8 J/cm2.

In the present study, the results from sensory evaluation, 
which evaluates the therapeutic effectiveness by assigning 
scores to different symptoms of AD, demonstrated that after 
7 days of LLLT, the experimental groups treated with LLLT 
exhibited significantly decreased symptoms compared with 
the AD group.

In the present study, a scratch test was performed following 
treatment with LLLT. The results demonstrated that the 
AD group exhibited increased scratching from day 3. All 
experimental groups treated with LLLT exhibited increased 
scratching on day 3, followed by significantly decreased 
scratching on days 7 and 14 compared with the AD group. 
The smallest decrease in scratching was observed in the Laser 
6 group.

In the present study, the onset of AD was confirmed by 
changes in serum IgE and IL‑4 concentrations. In previous 
studies, it was demonstrated that LLLT can suppress the induc‑
tion of AD (1,32,36). In addition, IL‑4 serum concentration in 
mice with induced AD was significantly elevated compared 
with that in mice in the normal group. These findings were 
similar to previous studies, which demonstrated that the level 
of the Th2 cell cytokine IL‑4 is elevated in patients with 
AD (1,6,36). In the present study, except for the Laser 8 group, 
all experimental groups treated with LLLT, showed significant 
reduction in serum IL‑4 concentration compared with the AD 
group. The Laser 4 group exhibited the most efficient reduc‑
tion. These findings indicated that laser therapy was effective 
for relieving symptoms of AD.

As described in previous studies (33,39), the weight of 
spleen in the present study was measured and the immune 

response in mice with AD was analyzed. The results demon‑
strated that mice in the AD groups had increased spleen 
weight. However, the weight of spleen decreased significantly 
in all laser irradiation groups compared with than in the AD 
group, Increased spleen weight is associated with increased 
T lymphocytes. However, a decreased weight means a decrease 
in inflammatory reactions by T lymphocytes (39). Thus, these 
findings suggested that LLLT may have an effect on immunity. 

Subsequently, the expression of some mRNA was assessed 
in spleen tissues. In humans, ~10‑15% of the lymphocytes in 
the blood, ~20‑25% of the lymphocytes in the lymph nodes 
and ~40‑45% of the lymphocytes in the spleen cells are B 
cells (46); the spleen has therefore the largest amount of 
lymphocytes. If taken from the blood, cytokines, represented 
by white blood cells, may also be sensitive to differences 
in blood collection or sample manipulation methods (47). 

Quantitative analysis of cytokine mRNA expression levels 
suggests that these cytokines can be considered as potential 
sensitive markers for determination of the state of immune cell 
activation (48). In present study, total RNA was extracted from 
the spleen tissues of each group, and the mRNA expression 
of IL‑4, IL‑6 and TNF‑α (factors of Th 2 immune response) 
and IFN‑γ (factor of Th1 immune response) was evaluated. 
Th1 and Th2 cells maintain immune balance, where IL‑4 
suppresses the Th1 type reaction and IFN‑γ suppresses the Th2 
type reaction (1). T‑cells in patients with AD have decreased 
ability to produce IFN‑γ and are highly reactive to IL‑4, 
which is thought to be the main reason for immune response 
by type Th2 cells in AD (1). The present study assessed the 
mRNA expression of IL‑4, IL‑6, TNF‑α and IFN‑γ (data not 
shown) after LLLT treatment. The expression levels of IL‑4, 
IL‑6 and TNF‑α were significantly increased in the AD group, 
which has been previously described (3‑6). Since IL‑4 is the 
cytokine responsible for IgE release in AD, patients with 
AD exhibit elevated levels of IL‑4. In addition, increased 
IL‑6 and TNF‑α levels in AD have been reported in several 
studies (1,6,8,9,45,49,50). Subsequently, the increased mRNA 
expression of these cytokines described in the present study 
indicated that AD was successfully induced. Furthermore, 
following LLLT treatment, the expression level of IL‑4 was 
significantly decreased in all experimental groups except for 
the Laser 6 group. Among these groups, the Laser 4 group 
exhibited the lowest IL‑4 mRNA expression. In addition, the 
IL‑6 expression level was decreased in all experimental groups 
treated with LLLT, with Laser 4 group presenting the lowest 
IL‑6 expression level. Furthermore, the mRNA expression 
of TNF‑α in all experimental groups treated with LLLT was 
significantly decreased compared with that in the AD group. 
once again, the Laser 4 group showed the lowest expression 
level of TNF‑α. Atopic dermatitis is caused by abnormal acti‑
vation of IL4, the Th2 cytokine (1). These findings suggested 
that LLLT may suppress the immune response from Th2 cells, 
subsequently reducing the inflammatory response in AD.

The current study also measured the expression of IFN‑γ 
and observed lower expression level of IFN‑γ; however, the 
difference was not significant. Since IFN‑γ is the cytokine that 
induces immune responses from Th1 cells (51), these findings 
indicated that AD treatment with LLLT for two weeks was not 
sufficient to correct the immune imbalance between Th1 and 
Th2 cells. 
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The epidermal thickness of AD lesions was assessed by 
H&E staining. The results showed a significant reduction in 
epidermal thickness in the experimental groups treated with 
LLLT, particularly in the Laser 4 group that exhibited the 
greatest reduction, compared with the AD group. Furthermore, 
the number of mast cells after toluidine blue staining in the AD 
groups was significantly increased compared with the normal 
group. In addition, the number of degranulated cells in the AD 
control group was significantly higher than in all experimental 
groups treated with LLLT. This observation was due to the 
larger number of mast cells in this group. These findings 
suggested that LLLT may be considered as an effective treat‑
ment option for AD.

The wavelength of LLL used in this study (650 nm) could 
effectively recover inflammation Although 1.0% DNCB 
solution was frequently applied to prevent natural healing of 
AD, all experimental groups treated with LLLT exhibited 
decreased IL‑4, IL‑6, and TNF‑α levels. Immunomodulation 
by the Th1 and Th2 cells might have accounted for the elevated 
IFN‑γ expression level in the AD group compared with that in 
the other experimental groups treated with LLLT. However, 
the present results indicated that gene expression of IFN‑γ 
in the AD control group did not differ from that in the other 
experimental groups treated with LLLT (data not shown). 
Therefore, the AD improvement observed in this study did 
not result from immunomodulation by the Th1 and Th2 cells, 
but rather from the intracellular activity promoted by LLLT 
to induce recovery of inflammation and skin restoration (52) 
and to reduce the mRNA expression of IL‑4, IL‑6 and TNF‑α. 
Future investigation on immunomodulation by the Th1 and 
Th2 cells is therefore required.

The findings from the present study suggested that LLLT 
may be considered as an effective treatment for AD since it 
may promote intracellular activation to reduce the release 
of inflammatory cytokines from Th2 cells. Furthermore, 
comparisons of the different treatment group outcomes 
suggested that the 4 J/cm2 laser output was more effective at 
improving the symptoms of AD and reducing the levels of 
cytokines compared with other output values.

The present study evaluated the changes in clinical skin 
severity and scratching for 14 days. Further investigation will 
therefore investigate IgE and IL‑4 levels evolution over time. 
IgE was evaluated because it is directly related to inflamma‑
tion. Furthermore, histamine is released when allergy antigens 
bind to IgE antibodies that bind to obese cells. Increased IgE 
leads to histamine release, causing inflammatory reactions. 
Histamine is one of the organic substances that the body 
secretes for rapid defense against external stimulation (stress). 
In other words, it is a substance that causes inflammation, in 
which the wound swells red and causes pain (53). Therefore, 
IgE overproduction may be associated with the release of high 
levels of histamine. The present study identified how LLL 
irradiation affects IgE and cytokines (IL‑4, IL‑6 and TNF‑α) 
in the skin that caused atopic dermatitis. Future investigation 
will therefore examine the release of histamine in this model.

Since the number of experimental animals used in this 
study was relatively low, Clinical research, including a large 
number of animal trials, will be needed. Taken together, 
the findings from the present study may help determining 
clinically appropriate energy outputs for LLLT against AD.
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