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Abstract
Background: Low-level light therapy (LLLT) is widely used for the photobiomodulation of cell behavior. Recent studies have

shown that LLLTaffects the proliferation and migration of various types of mesenchymal stem cells (MSCs). However, there is

a lack of studies investigating the effect of LLT on enhancing the immunomodulatory properties of tonsil-derived MSCs (T-

MSCs).

Objective: The aim of this study was to investigate the immunomodulatory effects of conditioned media from T-MSCs (T-

MSCs-CM) treated with LLLT in allergic inflammation.

Methods: We isolated T-MSCs from human palatine tonsils and evaluated the ingredients of T-MSCs-CM. The effect of T-

MSCs-CM treated with LLLT was evaluated in a mouse model of allergic rhinitis (AR). We randomly divided the mice into

four groups (negative control, positive control, T-MSCs-CM alone, and T-MSCs-CM treated with LLLT). To elucidate the ther-

apeutic effect, we assessed rhinitis symptoms, serum immunoglobulin (Ig), the number of inflammatory cells, and cytokine

expression.

Results: We identified increased expression of immunomodulatory factors, such as HGF, TGF-β, and PGE, in T-MSCs-CM

treated with LLLT, compared to T-MSCs-CM without LLLT. Our animal study demonstrated reduced allergic symptoms

and lower expression of total IgE and OVA-specific IgE in the LLLT-treated T-MSCs-CM group compared to the AR group

and T-MSCs-CM alone. Moreover, we found that T-MSCs-CM treated with LLLT showed significantly decreased infiltration

of eosinophils, neutrophils, and IL-17 cells in the nasal mucosa and reduced IL-4, IL-17, and IFN-γ expression in OVA-incu-

bated splenocytes compared to the AR group.

Conclusions: The present study suggests that T-MSCs-CM treated with LLLT may provide an improved therapeutic effect

against nasal allergic inflammation than T-MSCs-CM alone.
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Introduction
Stem cells are defined as undifferentiated cells that have the
ability to self-renew, an extensive proliferative potential, and
the ability to give rise to one or more differentiated cell
types.1 Мany researchers have a great interest in tonsil-
derived mesenchymal stem cells (T-MSCs), due to their char-
acteristics such as easier to harvest and more immunomodu-
latory effects.2,3 It is well known that T-MSCs usually
express several immunomodulatory factors, including trans-
forming growth factor-beta (TGF-β), hepatocyte growth
factor (HGF), and prostaglandin E (PGE), which contribute
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to immunosuppression via the MSC-mediated immune
response.4–7 Several previous studies have also shown that
T-MSCs and conditioned media released by T-MSCs
(T-MSCs-CM) have an anti-allergic effect.8,9

To date, wavelengths in the red and near-infrared spec-
trum (600-1300 nm) have been implemented for various pur-
poses, such as providing pain relief, reducing inflammation,
and improving local circulation. Additionally, it has been
proven that extremely low-level lasers can influence the
behavior of cells via photobiomodulation.10–12 Specifically,
for stem cells, several studies have described the positive
stimulatory effects of low-level light on adipose-derived
MSCs.13–15 These reports described how low-level light
therapy (LLLT) positively affects adipose-derived MSCs
by increasing cellular viability, proliferation, and migration,
as well as possibly enhancing immunomodulatory factors
associated with the MSC-mediated immunosuppression
pathway. However, there have been no studies regarding
the effect of LLLT on the immunomodulatory characteristics
of T-MSCs.

Previously, we found that T-MSC-CM exerted an immu-
nomodulatory effect on allergic rhinitis in a mouse model via
the inhibition of T cell activation.9 Therefore, we hypothe-
sized that LLLT treatment would be capable of enhancing
the immunomodulatory effects of T-MSCs-CM on allergic
inflammation. Thus, this study investigates the effects of
LLLT-treated T-MSCs-CM on inflammation in a mouse
model of AR.

Methods

Preparation of CM Treated by LLLT From T-MSCs
The schematic flow of this study is shown in Figure 1A. As
previously described,10–12 tonsil tissues were obtained from
tonsillectomy in humans and we cultured them under stem
cell-enrichment conditions to isolate T-MSCs. In this study,
we performed immunofluorescence staining and flow cytom-
etry to characterize the T-MSCs using CD90-FITC (clone
5E10; BD Pharmingen, San Jose, CA, USA), CD105-PE
(clone 266; BD Pharmingen), CD31 (clone JC70A; Dako,
Glostrup, Denmark), CD34 (clone B1–3C5; Millipore,
Billerica, MA, US), CD45-FITC (clone F10– 89–4;
Abcam, Cambridge, UK.), Alexa Fluor 488 anti-mouse IgG
(Invitrogen, Carlsbad, CA, USA), and Alexa Fluor 594 anti-
rabbit IgG (Invitrogen) (Figure 1B and C). Additionally, we
cultured T-MSCs in RPMI-1640 medium (Gibco, Grand
Island, NY, USA) supplemented with 10% fetal bovine
serum (Gibco), 1% penicillin, and streptomycin (Gibco) at
a density of 2× 104 cells/cm2 in 37 °C condition. The follow-
ing day, the cells were switched to serum-free RPMI-1640
medium. We used the light source as a light-emitting diode
(LED; WON Technology Co., Ltd, South Korea).
Specially, it designed to fit over a standard multi-well plate
(12.5× 8.5 cm) for cell culture with wavelength peaked at

635 nm. The exposure time for the LED array was 10 min
at a power density of 15 mW/cm2 (1 mW× s= 0.001 J) and
it makes an enough energy dose as 9 J/cm2. After three
days, the cell supernatants were collected and centrifuged
to remove cell debris. The supernatant was freeze-dried to
obtain the CM concentration. T-MSCs between passages 4
and 7 were used in all experiments. This study was approved
by the institutional review board of Dankook University
Hospital (2015-005).

Immunofluorescence Analysis
To analyze the expression profiles of immune-related pro-
teins in the T-MSCs, we used the Human Protein Array Kit
(R&D Systems, Minneapolis, MN, USA). Protein (150 ng)
was mixed with 15 μL biotinylated detection antibodies.
We used scanning on an image reader LAS-3000 (Kodak,
Rochester, NY, USA) and quantified using MultiGauge soft-
ware (version 4.0; Kodak) to detect the signals on the mem-
brane film. The positive signals seen on the developed film
can be identified by placing the transparency overlay on
the array image and aligning it with the two pairs of positive
control spots in the corners of each array.

Enzyme-Linked Immunosorbent Assay
Growth factor production in the T-MSCs was assayed using a
commercially available ELISA kit (R&D Systems) according
to the manufacturer’s protocol. Concentrations were
expressed as the amount of growth factor per 104 cells at a
given time.

Experimental Design of Allergic Mouse Model
We aimed to evaluate the anti-allergic effects of T-MSC-CM
treated with LLLT using a mouse model of AR using a pre-
viously established protocol.9 Briefly, in this study, twenty
female BALB/c mice (4 weeks old, 18-20 g; NarabioTech,
Inc., Seoul, Korea) were used and divided into four groups:
(−) Con (phosphate-buffered saline [PBS]-treated, n= 5),
(+) Con (AR model group, n= 5), T-MSCs-CM alone (n=
5), and T-MSCs-CM treated with LLLT (n= 5). We admin-
istrated 20 μL conditioned medium intravenously on from
days 18 to days 23 in the T-MSC groups. All animal exper-
iments were approved by the Committee on the Use and Care
of Animals (DKU-2014–039) and were performed under
strict governmental and international guidelines on animal
experimentation.

Evaluation of Anti-Inflammatory Effect in the Allergic
Mouse Model
To evaluate the frequencies of sneezing and nasal rubbing on
the mouse, after the final OVA (ovalbumin) challenge on day
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28, a blinded observer recorded the frequencies of sneezing
and nasal rubbing for a 20-min period.9 We sacrificed the
mice 24 h after the last OVA challenge, and tissue samples
were collected. The expression levels of total and
OVA-specific immunoglobulin E (IgE) in the serum was
assessed using solid-phase ELISA. Additionally, to evaluated
the histology, we stained samples as follows: hematoxylin
and eosin (H&E) for mucosa lesions, Sirius red for eosino-
phils, anti-neutrophilic antibody (1:50; Abcam) for neutro-
phils, and anti-IL-17 antibody (1:100; LSBio, Seattle, WA,
US) for IL-17 cells. For the assessment of inflammatory
cell infiltration, we observed three different spots under high-
power fields with two independent examiners.

Measurement of Cytokine Profile in Allergic Mouse
Model
To assess the level of cytokines on spleen single-cell suspen-
sions, we assayed the culture supernatant using a sandwich
enzyme-linked immunosorbent assay kit (R&D Systems).
After measuring the optical density at 450 nm, the concentra-
tions of IL-4, IL-5, IL-6, IL-10, IL-17, and interferon (IFN)-γ

were determined by interpolation from a standard curve, and
all data were expressed as nanograms per milliliter.

Statistical Analysis
Experimental values are presented as mean± standard error
of the mean. Statistical differences were determined by the
Mann-Whitney U test using the SigmaStat program
(version 3.0), and P values < .05 were considered significant.
Cohen’s d was calculated for effect size of all comparisons.

Results

Effect of LLLT on T-MSCs
To investigate the effect of LLLT on T-MSCs, we compared
the production of immunomodulatory proteins such as HGF,
TGF-β, and PGE2 in cultured T-MSCs between the LLLT
and non-LLLT groups. We identified increased expression
of HGF, TGF-β, and PGE2 in T-MSCs with LLLT compared
to T-MSCs without LLLT (Figure 2A).

Next, to investigate the optimal wavelength for LLLT,
which induces increased expression of immune-related

Figure 1. (A) Schematic flow of our experiment process; (B) immunofluorescence staining of tonsil derived mesenchymal stem cell

(T-MSCs): T-MSCs stained with CD29, CD90, and CD105 for mesenchymal stem cell identification, with KDR, CD31, and CD34 for

endothelial lineage cell identification, and SMA for smooth muscle cell identification. Scale bar: 200 μm; (C) Flow cytometry analysis of

surface antigen expression on cultured T-MSCs: Isotype antibody (dark gray color) and experimental antibodies (light gray color) were used.
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Figure 2. Enhanced secretion of immunomodulatory factors from tonsil derived mesenchymal stem cell (T-MSCs): (A) HGF-, TGF-β-,
PGE2-positive T-MSCs were presented by immunostaining according to low-level laser therapy. The scale bar indicates 100 μm;

Concentrations of immunomodulatory factors in conditioned media of T-MSCs-CM according to (B) the laser wavelength and (C) the laser

intensity (measured by ELISA, n= 3 in each group, *P < .001).

Figure 3. (A) The protocol for generating the murine model of allergic rhinitis. (B) Symptom scores, such as sneezing and nasal rubbing,

were evaluated for 20 min after OVA challenge. (C) Serum total, OVA-specific IgE, OVA-specific IgG1, and OVA-specific IgG2a levels were

compared among groups. (*P< .05 and **P< .01).
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proteins, we treated T-MSCs at various wavelengths. We
found that the expression of immunomodulatory proteins,
including HGF, TGF-β1, PGE2, and NO was highest at
635 nm illumination (Figure 2B). Moreover, to investigate
the optimal dose of LLLT that induces increased expression
of these proteins, we treated T-MSCs with a series of LED
irradiation doses ranging from 1 to 12 J/cm2 for 24 h.
Significantly higher increased expression of HGF, TGF-β1,
PGE2, and NO was observed with an increase in the dose
up to 9 J/cm2 (Figure 2C). Specifically, LLLT at 635 nm
laser with 9 J/cm2 exhibited significantly increased concen-
trations of immunomodulatory factors as follows; HGF:
316.81± 45.25 pg/mL in control and 513± 40.7 pg/mL in
635 nm laser with 9 J/cm2 (P < .001, Cohen’s d: 4.58),
TGF-β1: 173.21± 17.00 pg/mL in control and 298±
25.2 pg/mL in 635 nm laser with 9 J/cm2 (P < .001,
Cohen’s d: 5.84), PGE: 279.40± 24.9 pg/mL in control and
407± 21.5 pg/mL in 635 nm laser with 9 J/cm2 (P < .001,
Cohen’s d: 6.59), and NO: 1.74± 0.15 pg/mL in control
and 3.9± 0.2 pg/mL in 635 nm laser with 9 J/cm2 (P <
.001, Cohen’s d: 9.94).

Inhibitory Effect of T-MSCs Treated with LLLT
on Mouse Model of AR
To verify the therapeutic effect of T-MSCs-CM treated with
LLLT in AR, we used a murine model of AR (Figure 3A).
This animal model showed that the symptom score (nasal
rubbing and sneezing) was observed as 25.8± 11.6 in the
(−) Con group, 69.4± 4.5 in the (+) Con group, 63.6±
18.0 in T-MSCs-CM alone group, and 40.8± 12.5 in
T-MSCs-CM treated with LLLT group (Mean± SD,
Figure 3B). These findings indicated that the symptom
score was significantly decreased in the T-MSCs-CM
treated with LLLT group, compared to the (+) Con group
and T-MSCs-CM alone group. Additionally, we observed
that serum total IgE and OVA-specific IgE were lower in
the T-MSCs-CM treated with LLLT group than in the (+)
Con group and T-MSCs-CM alone group (Figure 3C).

Moreover, we evaluated the effect of T-MSCs-CM treated
with LLLT on eosinophil, neutrophil, and Th17 cell inflam-
mation in the allergic nasal mucosa. In the T-MSCs-CM
treated with LLLT group, eosinophil infiltration was signifi-
cantly decreased compared with that in the (+) Con group
(Figure 4A and B). The number of infiltrated neutrophils
was also significantly decreased in the T-MSCs-CM treated
with LLLT group compared to the (+) Con group
(Figure 4C and D). Furthermore, the number of stained
Th17 cells was lower in the T-MSCs-CM treated with
LLLT group than in the (+) Con group (Figure 4E and F).
Next, to investigate the changes in eosinophil, neutrophil,
and IL-17 cell infiltration after treatment of T-MSCs with
LLLT, we evaluated the protein expression of nasal cytokine
profiles from OVA-incubated splenocytes (Figure 5). The (+)

Con group showed increased expression of IL-4, IL-5, IL-6,
IL-10, IL-17, and IFN-γ in the nasal mucosa, whereas the
T-MSCs-CM treated with LLLT group showed significantly
reduced expression of IL-4, IL-17, and IFN-γ protein levels,
compared to the (+) Con group.

Discussion
To the best of our knowledge, this is the first study to evalu-
ate the anti-allergic effects of LLLT in a mouse model of AR.
In the present study, we found that T-MSCs-CM treated with
LLLT showed increased expression of HGF, which upregu-
lates the expression of growth factors.16,17, and also
increased expression of TGF-β and PGE2, which are consid-
ered immunomodulatory factors, compared to T-MSCs-CM
without LLLT CM. Additionally, we indicated that a dose
of LLT of 9 J/cm2 was the optimum irradiation dose to min-
imize the thermal effect. The addition of T-MSCs-CM treated
with LLLT induced a significantly lower number of allergic
symptoms, serum total IgE level, and OVA-specific IgE level
than the (+) Con and T-MSCs-CM alone groups. Moreover,
we found decreased infiltration of eosinophils, neutrophils,
and IL-17 cells in the T-MSCs-CM treated with LLLT
group, whereas we could not detect any significant difference
in the infiltration of eosinophils, neutrophils, and IL-17 cells
between the (+) Con and T-MSCs-CM alone groups. Similar
to these findings, we also observed reduced expression of
IL-4, IL-17, and IFN-γ protein levels in T-MSCs-CM
treated with LLLT group, but not in the T-MSCs-CM group.

It has been known that laser radiation could inhibit and
stimulate cellular processes at different intensities.18 Thus,
low-level lasers, such as LEDs, are widely used as alternative
medicines. Specifically, in MSCs, LLLT can change metab-
olism and promote MSC proliferation.13,19 Interestingly, in
this study, we detected a higher expression of several immu-
nomodulatory factors ie TGF-β, PGE2, and HGF in the
T-MSC treated with LLLT group than those in the TMSC
group without LLLT. Previously, several studies have
shown that TGF-β plays an important role in modulating
immunity, and that it could also suppress lymphocyte prolif-
eration when secreted by MSCs and participate in their
immunomodulatory effect on leukocytes.20,21 PGE2 released
by mouse or human MSCs could also reprogram macro-
phages to produce more IL-10, inhibit dendritic cell matura-
tion, and shift the balance of immune responses between Th1
and Th2 cells.22,23 Additionally, HGF could play a signifi-
cant anti-inflammatory role via suppression of dendritic cell
function and induction of IL-10-producing immuno-
cytes.24,25 For these reasons, LLLT of T-MSCs may be
useful for enhancing their immunomodulatory effects.

Although the exact mechanism of action of LLLT is still
unknown, the final pathway of the photobiomodulation
process seems to be a modification of the gene response.
Generally, the measurement of this response can be deter-
mined through the production of proteins that mediate
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inflammatory and healing responses.26 Thus, we decided to
analyze the effect of LLLT on the expression of HGF,
TGF-β, and PGE2.

12,27,28 In this study, we demonstrated
that the increased induction of HGF, TGF-β, and PGE2 pro-
teins occurred at 635 nm. This means that their induction
does not depend on oxygen tension, but involves the activa-
tion of a different regulatory mechanism instead. We thought

that it may be mediated via a mitogen-activated protein
kinase, changes in cellular adenosine triphosphate or adeno-
sine monophosphate levels, and stabilization of the cell
membrane.26

AR is caused by an allergen-induced inflammatory
response. In our animal study, we observed that IL-4, IL-5,
IL-6, IL-10, IL-17, and IFN-γ levels were significantly

Figure 4. The representative images and the number of infiltrated eosinophils (A and B), neutrophils (C and D), and Th17 cells (E and F),

respectively (magnification Χ400). (*P< .05 and **P< .01).

Figure 5. Cytokine profiles from OVA-incubated splenocytes were compared among groups using the enzyme-linked immunosorbent

assay. (*P< .05 and **P< .01).
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increased in AR mice. Additionally, T-MSCs-CM treated
with LLLT showed significant inhibitory effects on allergic
inflammation via suppression of IL-4, IL-17, and IFN-γ
levels in OVA-incubated splenocytes. Similar to a previous
study,9 this study also showed that the T-MSCs-CM-treated
group showed significantly decreased IL-4 expression, com-
pared to the (+) Con group. However, we revealed that
T-MSCs-CM treated with LLLT showed a higher anti-
allergic effect with respect to the decrease in allergic symp-
toms, total IgE, and OVA-specific IgE than T-MSCs-CM
without LLLT. Based on the collective results, administration
of T-MSCs-CM treated with LLLT effectively reduced aller-
gic symptoms and inflammatory parameters in a mouse
model of AR.

Conclusions
We found that T-MSCs-CM treated with LLLT contained
several immunomodulatory factors, including HGF, TGF-β,
PGE2, and NO. Additionally, T-MSCs-CM treated with
LLLT showed increased anti-allergic effects compared to
T-MSCs-CM without LLLT via suppression of eosinophilic,
neutrophilic, and Th17 immune responses. Therefore, these
findings suggest that the administration of T-MSCs-CM
treated with LLLT may provide a better therapeutic effect
in mice with AR compared with T-MSCs-CM alone.
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