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Background: Rosacea is a chronic skin disorder with increasing prevalence and challenging management. 
Photobiomodulation therapy (PBMT) may be a promising adjuvant treatment for rosacea.
Methods: This study investigated the efficacy of PBMT for the treatment of rosacea lesions in a well-
established mouse model using a combination of wavelengths at 590 and 830 nm. Female BALB/c mice were 
randomized into three groups, namely, a negative control (NC) group, a model control (MC) group, and 
a PBMT group. Mice were injected with LL-37 or normal saline for construction of the model and NCs, 
respectively. Mice in the PBMT group were administered PBMT at wavelengths of 590 nm (25 mW) and 
830 nm (50 mW). The severity of erythema, inflammatory cell counts, the expression of key inflammatory 
mediators, and the degree of angiogenesis and immune cell infiltration of the skin lesions were evaluated by 
hematoxylin and eosin (H&E) staining, immunohistochemistry, and immunofluorescence staining. 
Results: PBMT significantly decreased the erythema scores and inflammatory cell infiltration of rosacea 
lesions in mice. Further studies revealed that PBMT downregulated the increased expression of inflammatory 
mediators (S100A9 and p65) and angiogenesis markers (CD31), and attenuated the dysregulation of immune 
cell infiltration [including neutrophils, regulatory T cells (Treg cells), γδ T cells, and macrophages] in mice 
with rosacea. 
Conclusions: This investigation suggested that PBMT can improve the rosacea condition by regulating 
key inflammatory mediators and dysregulating immune infiltration and angiogenesis.
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Introduction

Rosacea is a chronic inflammatory disorder primarily 
affecting the centrofacial region, characterized by 
telangiectasia, transient or persistent erythema, inflammatory 
papules, and pustules (1). Rosacea affects approximately 
5.5% of the global population and can cause disfigurement, 

emotional ramifications, and impairment of quality of life 
(2-6). Unfortunately, the pathophysiology of rosacea is not 
fully understood, and its management remains a challenge. 
Current evidence suggests that neurovascular dysregulation, 
as well as innate and adaptive immune dysregulation, play 
crucial roles in rosacea pathogenesis, and thus, these have 
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become predominant targets of multiple therapies (7).
Most rosacea patients experience repeated recurrences 

and exacerbations, and the management of rosacea remains 
taxing. Since a single factor or drug can hardly maintain the 
stable condition or reduce the recurrences, combination 
therapeutic strategies are often recommended, including 
topical agents, oral medication, injection therapy, and laser 
and light-based therapy. Among these treatments, laser 
and light-based therapy has been an important adjuvant 
regimen, especially for patients with long course, severe 
conditions, and multiple characteristics (8). Pulsed dye 
laser (PDL), potassium titanyl phosphate (KTP) laser, and 
intense pulsed light (IPL) are well-established therapies 
that can diminish erythema and remove telangiectasia in 
rosacea patients (9,10). Notably, although laser and light-
based therapies can help improve the rosacea condition, the 
proper parameters should be set up with caution to prevent 
flares of rosacea and relevant side effects (9). Especially in 
patients with exacerbation rosacea, severe inflammation and 
skin barrier impairment often result in intolerance to the 
high-energy device, making the decision of the treatment 
timepoint rather difficult. Therefore, development of a 
safe and gentle light-based therapy is imperative to help 
achieve optimal outcomes for rosacea patients. Notably, 
photobiomodulation therapy (PBMT) is a kind of low-level 
laser (light) therapy, characterized by low energy and great 
safety profile.

PBMT, a light-based therapy with light emitting diodes 
(LEDs) as illuminants, has been applied to a variety 
of cutaneous disorders, including photoaging, vitiligo, 
psoriasis, acne, and skin scald (11). PBMT is characterized 
by low energy, low cost, easy operation, and is associated 
with a fairly excellent safety profile (12). It is also known for 
its anti-inflammatory, immunoregulatory, differentiation-
promoting, and injury-repairing functions (13). PBMT 
has been shown to promote the proliferation of fibroblasts 
and stimulate keratinocyte migration and differentiation in 
cutaneous tissues (14-19). In addition, clinical observations 
have suggested that PBMT exerts an ideal therapeutic effect 
on sensitive skin by repairing the skin barrier and relieving 
erythema (20). PBMT can also regulate the activation 
of transient receptor potential vanilloid 1 (TRPV1), a 
crucial receptor implicated in the discomforts of rosacea 
(21,22). Notably, although PBMT has been accepted as an 
important adjuvant therapy for various skin disorders, its 
molecular mechanisms and targets have not been completely 
elucidated. Indeed, PBMT may be an effective therapeutic 
treatment for rosacea due to its anti-inflammatory function. 

Therefore, the efficacy of PBMT on rosacea and the 
underlying mechanisms warrant further investigation. 

Herein, bioinformatics analyses were conducted to 
identify the crucial genes, pathways, and immune cells 
implicated in the pathophysiology of rosacea. The effects of 
PBMT at specific wavelengths and energy on rosacea were 
evaluated through in vivo studies. Finally, the underlying 
mechanisms were investigating by examining the effects 
of PBMT on the expression of crucial genes and immune 
cells using bioinformatics analyses. Specifically, we not only 
focused on the inflammatory mediators in the mechanism, 
but also the immune infiltration and angiogenesis, which 
are crucial part of rosacea pathogenesis. This study aimed to 
provide preliminary evidence for the therapeutic potential 
of PBMT on rosacea. We present the following article in 
accordance with the ARRIVE reporting checklist (available 
at https://atm.amegroups.com/article/view/10.21037/atm-
22-3204/rc).

Methods

Identification of differentially expressed genes (DEGs) in 
patients with rosacea

The gene expression data of rosacea tissues and healthy 
tissues were acquired from the Gene Expression Omnibus 
(GEO) of the National Center for Biotechnology 
Information (NCBI) (http://www.ncbi.nlm.nih.gov/geo). 
All the research involving GEO database was conducted 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The GSE65914 dataset, composed of 38 rosacea 
tissues and 20 healthy tissues, was examined in this study. The 
R software version 4.1.1 was used to analyze and visualize 
the expression profile data. The gene expression data were 
first processed through calibration and standardization. 
The DEGs were identified with a threshold of |log2 (fold 
change)| >1 and corrected P value [false discovery rate 
(FDR)] <0.05. Visualization of the DEGs was performed with 
hierarchic clustering heatmaps and volcano maps.

Gene Ontology (GO), Kyoto Encyclopedia of Genes and 
Genomes (KEGG), and gene set enrichment analyses

GO analysis was conducted using the “clusterProfiler” 
package in R software to identify the functions of the 
candidate DEGs. Three different phenotypes of rosacea, 
including erythematotelangiectatic rosacea (ETR), 
papulopustular rosacea (PPR), and phymatous rosacea 
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(PhR), were distinguished for analysis. Enrichment of the 
DEGs in different signaling pathways was investigated 
using the KEGG analysis and gene set enrichment analysis 
(GSEA). A P value <0.05 was set as the cut-off value. Bubble 
plots were generated to visualize the results of the GO and 
KEGG analyses by the “ggplot2” package in R software.

Immune cell infiltration analyses

Single-sample gene set enrichment analysis (ssGSEA) 
and the CIBERSORT algorithm were used to analyze the 
abundances and compositions of immune cell infiltrations 
in rosacea tissues. ssGSEA was conducted to evaluate 
the degree of infiltration of different immune cell types, 
immune-related functions, and immune-related pathways 
in the gene expression profile. The “gsva” package in R 
software was used to calculate the enrichment scores (ES) 
of the marker genes in the expression data. The expression 
matrix of 22 kinds of immune cells in CIBERSORT (http://
cibersort.stanford.edu/) was downloaded. CIBERSORT 
analysis was performed to calculate the composition ratio of 
22 immune cells in rosacea and healthy tissues. Permutation 
analysis was subsequently performed. A P value <0.05 was 
considered statistically significant.

Reagents and equipment

The 37-amino-acid peptide (LL-37 peptide) was purchased 
from InvivoGen, San Diego, CA. The LL-37 powder was 
dissolved in normal saline to generate a LL-37 solution 
with a concentration of 320 μM/L, and stored at 4 ℃. 
4',6-diamidino-2-phenylindole (DAPI) was purchased from 
Abcam (Cambridge, UK). 3,3'-diaminobenzidine (DAB) was 
purchased from ZSGB-BIO Technology, Beijing, China. 
The optical microscope and histological slice scanner were 
obtained from Olympus, Tokyo, Japan. The NIS-Elements 
AR was purchased from Nikon, Japan. The laser scanning 
confocal microscope (Leica s-STELLARIS) was purchased 
from Leica, Germany.

Animal experiments

A protocol was prepared before the study without 
registration. Eighteen female BALB/c mice (6 weeks old 
and weighing 19.89±2.01 g) were obtained from Chengdu 
Dossy Experimental Animals Co., Ltd. (Chengdu, China). 
All animal experiments performed in this study were 
approved by the Animal Ethics Committee of West China 

Hospital (Approval No. 20211133 A), in compliance with 
institutional guidelines for the care and use of animals. The 
mice were given free access to standard food and water. The 
animals were specific pathogen free (SPF) mice with normal 
immune function and without any genetic modifications. 
The mice were acclimated to the experimental conditions 
for one week before experimentation. The mice were 
randomized into 3 groups of 6 mice each, namely, a negative 
control (NC) group, a model control (MC) group, and a 
PBMT group. The randomization was generated using a 
table of random numbers for random grouping. The dorsal 
skin of each mouse was gently shaved 24 hours prior to 
experimentation.

The rosacea-like skin model of mice was induced by 
administration of the LL-37 peptide, as previously described 
(23-32). To induce rosacea-like skin lesions, intradermal 
injections of 50 μL of LL-37 were delivered 4 times every 
12 hours to the shaved dorsal skin of the mice in the MC 
and PBMT groups. Accordingly, intradermal injection of 
normal saline was applied at the same dose and frequency to 
the mice in the NC group. Twenty-four hours after the last 
injection, the skin lesions of all the mice were photographed 
and evaluated by redness scores, as previously described (29). 
The redness scores were evaluated by a researcher who was 
completely blinded to the study design. The mice were 
then sacrificed by deep anesthesia. The full-thickness dorsal 
skin tissues were biopsied for subsequent hematoxylin 
and eosin (H&E staining), immunohistochemistry, and 
immunofluorescence staining.

PBMT protocol

The parameters of the PBMT were as follows: (I) the 
treatment light was a combination of 590 and 830 nm 
wavelengths; and (II) the energy was 25 mW for the 590 nm 
wavelength and 50 mW for the 830 nm wavelength. The 
light source was set 10 cm from the mouse skin. Half an hour 
before the third and fourth injections, as well as 12 hours 
after the fourth injection, the dorsal skin of the mice in the 
PBMT group was treated with PBMT for 5 minutes each 
time. The total irradiation time was 15 minutes for every 
mouse throughout the whole treatment (5 minutes per day, 
3 days). The parameters are summarized in Table 1.

Histological analysis

The skin tissues of mice were fixed in 4% paraformaldehyde 
and embedded in paraffin. H&E staining was performed 

http://cibersort.stanford.edu/
http://cibersort.stanford.edu/
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on prepared sections and visualized under an optical 
microscope at ×10 and ×20 magnification. Six random fields 
of view were captured and the number of dermis-infiltrating 
inflammatory cells in each field was calculated using 
Image-Pro Plus 6.0 software. The counting of infiltrating 
inflammatory cells was conducted by a researcher who was 
completely blinded to the study.

Immunohistochemistry

The expression of p65 and S100A9 in mouse skin tissues was 
detected by immunohistochemistry following the standard 
protocol. Sections were rehydrated and incubated with primary 
antibodies against NF-κB/p65 (ab16502, Abcam, UK) and 
S100A9 (ab92507, Abcam, UK) overnight at 4 ℃. The sections 
were then incubated with goat anti-rabbit secondary antibody 
[Goat AntiRabbit IgG H&L (HRP), ab205718, Abcam, UK] 
for 1 hour at room temperature. Subsequently, sections were 
washed and counterstained with DAB/hematoxylin (ZSGB-
BIO Technology, Beijing, China). Images were captured using 
NIS-Elements AR (Nikon, Japan) and analyzed by Image J 
software with IHC Profiler Plugin. 

Immunofluorescence

The expression of CD31, as well as the infiltration of 
neutrophils, regulatory T cells (Treg cells), γδ T cells, 
and macrophages were detected by immunofluorescence 
staining. Sections were treated with citric acid (ZSGB-
BIO Technology, Beijing, China) for antigen retrieval and 
incubated with primary antibodies overnight at 4 ℃. Tissues 
were then incubated with a secondary antibody (Goat Anti-
Rabbit IgG H&L, Alexa Fluor® 488) for 40 minutes at 
room temperature. Images were captured using a Leica 
s-STELLARIS (Leica, Germany) microscope and analyzed 
with Image J analysis software. The primary antibodies 
against CD31 (ab182981, Abcam, UK), CD66b (ab197678, 
Abcam, UK), GR-1 (68590, Cell Signaling Technology, 
Danvers, MA, USA), CD4 (ab183685, Abcam, UK), Foxp3 
(ab215206, Abcam, UK), CD3 (ab16669, Abcam, UK), 
TCRγδ (ab25209, Abcam, UK), CD80 (ab254579, Abcam, 

UK), and F4/80 (ab6640, Abcam, UK) were used in this 
study. Specifically, DAPI was used to stain the cellular 
nuclei; CD31 was used to mark vascular endothelial cells; 
CD66b and GR-1 were used to mark neutrophils; CD4 and 
Foxp3 were used to mark Treg cells; CD3 and TCRγδ were 
used to mark γδ T cells; and CD80 and F4/80 were used to 
mark macrophages (33).

Statistical analysis

All data were recorded with Microsoft Excel 2019 and 
presented as the means ± standard error of the mean 
(SEM). Data were analyzed with IBM SPSS Statistics 25. 
The comparison of different groups was performed using 
independent t tests, one-way analysis of variance (ANOVA), 
SNK tests, and Dunnett t-tests. All tests were two-sided tests, 
and a P value <0.05 was considered statistically significant.

Results

The DEGs in rosacea and their functional annotation

The GEO dataset (GSE65914) included in this study 
was composed of 38 cases of rosacea lesions (including 
14 cases of ETR, 12 cases of PPR, and 12 cases of PhR) 
and 20 cases of healthy controls. A total of 3,016 DEGs 
between rosacea tissues and healthy tissues were identified, 
which were visualized using a volcano plot (Figure 1A). 
The top-ranked differentially expressed messenger RNAs 
(mRNAs) and long noncoding RNAs (lncRNAs) are 
shown in the hierarchical clustering heatmap (Figure 1B). 
Notably, S100A9 was found to be most upregulated in 
rosacea patients (Figure 1B). The results of GO analysis 
suggested that the DEGs of rosacea were mainly involved 
in leukocyte migration, T-cell activation, regulation of 
vasculature development, regulation of angiogenesis, and 
neutrophil chemotaxis (Figure 1C). KEGG analysis revealed 
that the DEGs were mainly enriched in pathways including 
cytokine-cytokine receptor interaction, chemokine signaling 
pathway, and Staphylococcus aureus infection (Figure 1D). The 
GSEA results showed that the pathways with the top 2 ES of 

Table 1 Parameters of the photobiomodulation therapy protocol 

Wavelength (nm) Power (mW) Distance (cm) Total time (minutes) Total energy (J)

590 25 10 15 22.5

830 50 10 15 45
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rosacea were neutrophil degranulation and the chemokine 
signaling pathway (Figure 1E). Taken together, these results 
highlight the central role of immune activation, inflammatory 
pathways, and angiogenesis in the pathophysiology of 
rosacea.

The immune infiltration of rosacea

A variety of immune cells were found to differentially 

infiltrate rosacea tissues compared with healthy controls 
according to ssGSEA (Figure 2A). The differential 
infiltration of 22 types of immune cells between rosacea 
tissues and healthy controls, based on different subtypes 
(ETR, PPR, PhR), was analyzed by CIBERSORT. Notably, 
there were 4 types of immune cells that were differentially 
infiltrated in all 3 subtypes of rosacea, namely activated 
CD4+ memory T cells, γδ T cells, M1 macrophages, 
and Treg cells (Figure 2B). Specifically, the infiltration 
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Figure 1 Identification and functional annotation of the differentially expressed genes between rosacea tissues and healthy controls. (A) A 
volcano plot showing the upregulated DEGs (red dots) and downregulated DEGs (green dots) of rosacea tissues compared with healthy 
controls. (B) A hierarchical clustering heatmap showing the predominant differentially expressed mRNAs and lncRNAs of rosacea tissues 
compared with healthy controls. The expression of S100A9 was significantly upregulated. (C) A bubble plot showing the enrichment 
of the candidate DEGs by GO analysis. (D) A bubble plot showing the enrichment of the candidate DEGs by KEGG analysis. (E) The 
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of activated CD4+ memory T cells, γδ T cells, and M1 
macrophages was significantly increased in rosacea, whereas 
the infiltration of Treg cells was significantly decreased 
compared with healthy controls. Apart from that, the 

immune infiltration of different subtypes of rosacea (ETR, 
PPR and PhR) was quite different. For instance, initial 
CD4+ T cells were only enriched in the ETR; dendritic cells 
were only enriched in the PPR; and plasma cells were only 
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Figure 2 Immune infiltration analysis of rosacea lesions. (A) A hierarchical clustering heatmap showing the differential infiltration of 
immune cells between rosacea patients (ETR, PPR, and PhR) and healthy controls. (B) The differential infiltration of activated CD4+ 

memory T cells, γδ T cells, M1 macrophages, and Treg cells. In three different subtypes of rosacea, activated CD4+ memory T cells, γδ 
T cells, and M1 macrophages were enriched in rosacea, whereas Treg cells were decreased. *, P<0.05; **, P<0.01; ***, P<0.001. (C) The 
differential infiltration of 22 types of immune cells in 3 different subtypes of rosacea. *, P<0.05; **, P<0.01; ***, P<0.001. PPR, papulopustular 
rosacea; PhR, phymatous rosacea; ETR, erythematotelangiectatic rosacea; HV, healthy volunteers; NK cells, natural killer cells; Th17 cells, 
T helper cells 17; DC, dendritic cells; iDc, immature dendritic cells; Tgd, γδ T cells; aDc, activated dendritic cells; Th1 cell, T helper cells 1; 
Th2 cell, T helper cells 2; pDc, plasmacytoid dendritic cells; TFH, follicular helper T cells; TReg, regulatory T cells; Tcm, central memory 
T cells; Tem, effective memory T cells. 
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enriched in the PhR (Figure 2C). 

PBMT alleviated the inflammatory response and 
angiogenesis of rosacea-like skin in mice

Intradermal injection of LL-37 in mice resulted in rosacea-
like phenotypes, including erythema and inflammatory 
cell infiltration (Figure 3A,3B). Administration of PBMT 
significantly reduced the redness scores of the rosacea-
like lesions (Figure 3C). Compared with the MC group, 
the inflammatory cell counts of the PBMT group were 
dramatically decreased (Figure 3B,3D). Histological analysis 
revealed that there was a disordered arrangement of 
collagen fibers in the MC group compared with the NC 
group. Notably, the dermal collagen fibers appeared to be 
thickened and arranged more orderly in rosacea-like lesions 
after receiving PBMT (Figure 3B). As shown in previous 
studies and our informatics analyses, p65 and S100A9 are 
two key inflammatory mediators of rosacea (31-36). The 
expression levels of S100A9 and p65 were significantly 
upregulated in rosacea-like mouse skin compared to 
NC skin, and this was significantly repressed after 
administration of PBMT (Figure 3E). CD31 is a key 
marker of vascular endothelial cells, and is often used to 
identify and quantify neovascularization. The expression 
of CD31 was reduced after PBMT in rosacea-like skin 
(Figure 3F). These results demonstrated that PBMT 
attenuated the severity of erythema, the inflammatory 
response, and angiogenesis in rosacea-like mouse skin.

PBMT attenuated the dysregulation of immune cell 
infiltration of rosacea-like skin in mice

The bioinformatics analyses identified 4 types of 
differentially infiltrated immune cells in 3 subtypes of 
rosacea, namely activated CD4+ memory T cells, γδ T cells, 
M1 macrophages, and Treg cells. The infiltration of these 
immune cells was evaluated using the in vivo model as an 
important indicator for immune dysregulation. Based on 
previous studies (33,37-39), CD66B and GR-1 were used to 
mark neutrophils (Figure 4A), CD4 and Foxp3 were used to 
mark Treg cells (Figure 4B), CD3 and TCRγδ were used to 
mark γδ T cells (Figure 5A), and CD80 and F4/80 were used 
to mark macrophages (Figure 5B). The results showed that 
the infiltration of neutrophils, γδ T cells, and macrophages 
was increased in rosacea-like skin compared with the NC 
group, while the infiltration of Treg cells was decreased 
(Figures 4,5). Compared with the MC group, the infiltration 

of neutrophils, γδ T cells, and macrophages was decreased 
in the PBMT group, while the infiltration of Treg cells 
was increased (Figures 4,5). The infiltration of neutrophils, 
Treg cells, γδ T cells, and macrophages in the PBMT group 
was similar to that observed in the NC group. Collectively, 
these results suggested that PBMT suppressed immune 
dysregulation by reducing the infiltration of neutrophils, γδ 
T cells, macrophages, and increasing the infiltration of Treg 
cells in rosacea-like mouse skin.

Discussion

Rosacea is a chronic inflammatory disorder characterized 
by recurrent remission and exacerbation. Despite a variety 
of therapeutic options, the management of rosacea remains 
a challenge. Laser and light-based therapies are important 
adjuvant treatments for rosacea patients, and diminish the 
associated erythema and telangiectasia (12). Nevertheless, 
many of these therapies have high energy and may trigger 
the flares of rosacea. PBMT, characterized by low energy, 
as well as anti-inflammatory and immunoregulatory 
properties, may be a better choice for rosacea patients with 
an impaired skin barrier and severe inflammation. The 
present study demonstrated through an in vivo model that 
PBMT attenuated the severity of erythema, inflammatory 
response, immune dysregulation, and angiogenesis in 
rosacea-like mouse skin. The skin is a multi-layer organ, 
composed of various kinds of cells. There are multiple 
interactions and crosstalk among different layers and 
cells. Therefore, an in vivo model may be more suitable to 
simulate the human skin.

Although the pathogenesis and pathophysiology of 
rosacea are not fully understood, innate and adaptive 
immune dysregulation and neurovascular dysregulation are 
known to play crucial roles in rosacea pathogenesis (7). The 
results from our bioinformatics analyses support the current 
understanding and showed that the DEGs of rosacea were 
predominantly enriched in pathways related to infections, 
inflammatory responses, and immunological and vascular 
dysregulation. As a key inflammatory mediator, S100A9 
was found to be most upregulated in rosacea lesions. In 
addition, the infiltration of activated CD4+ memory T cells, 
Treg cells, and M1 macrophages in the three subtypes of 
rosacea were all increased, while the infiltration of γδ T cells 
was decreased. These results indicated that the noted genes, 
pathways, and immune cells may be closely related to the 
pathophysiology of rosacea. To validate this hypothesis, the 
expression of these genes and immune cell infiltration were 
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Figure 3 PBMT attenuated the severity of erythema, the inflammatory response, and angiogenesis in rosacea-like mouse skin in 
BALB/c mice. (A) Photographs of the dorsal skin lesions from the MC, PBMT, and NC groups. (B) H&E staining of skin lesions from 
the MC, PBMT, and NC groups. Scale bar =100 μm. (C) The redness scores of the skin lesions in the MC, PBMT, and NC groups (n=18, 
*, P<0.05; ns, not significant). (D) The inflammatory cell counts of the MC, PBMT, and NC groups based on H&E staining (n=18,  
*, P<0.05). (E) The expression of p65 and S100A9 in skin lesions from the MC, PBMT, and NC groups by immunohistochemistry.  
Scale bar =100 μm. (F) The expression of CD31 in the skin tissue from the MC, PBMT, and NC groups by immunofluorescence staining. 
Scale bar =100 μm. MC, model control; NC, negative control; PBMT, photobiomodulation therapy; H&E, hematoxylin and eosin.
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evaluated using an in vivo model. In agreement with the 
bioinformatics results, parallel dysregulation was detected in 
the in vivo model, namely, significantly upregulated S100A9 
and similar infiltration of the four types of immune cells. 
This finding further confirmed the suitability of this mouse 
model for examining the effects of rosacea in humans. 
Furthermore, this report supports the crucial roles of these 
genes and immune cells in rosacea pathophysiology.

In the present study, PBMT with wavelengths of 590 
and 830 nm ameliorated rosacea-like skin by alleviating 
the severity of erythema and decreasing inflammatory 
cell infiltration. Further investigation demonstrated that 
PBMT significantly downregulated the expression of two 

key inflammatory mediators (p65 and S100A9), decreased 
the expression of CD31, and attenuated the dysregulated 
infiltration of the four types of immune cells (namely, 
neutrophils, γδ T cells, macrophages, and Treg cells) in 
rosacea-like skin. Of note, the S100A9 protein (a member 
of the S100 protein family) is crucial in neutrophil and 
leukocyte recruitment, as well as neutrophil-related 
fibronectin adhesion (34). It was demonstrated that the 
NEAT1/miR-196a-5p/S100A9 axis may have played an 
important role in the dynamics underlying inflammatory 
responses of rosacea (34). Therefore, it may contribute to 
the dysregulated infiltration of immune cells in the rosacea-
like mouse skin. The p65 protein is a crucial molecule 

Figure 4 The infiltration status of neutrophils and γδ T cells in mouse skin tissues from the NC, MC and PBMT groups, as observed by 
immunofluorescence staining. (A) The infiltration status of neutrophils marked by CD66B (green fluorescence) and GR-1 (red fluorescence). 
Scale bar =100 μm. (B) The infiltration status of Treg cells as determined by CD4 staining (red fluorescence) and Foxp3 staining (green 
fluorescence). Scale bar =100 μm. MC, model control; PBMT, photobiomodulation therapy; NC, negative control; Treg, regulatory T cell.
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in the activation of the NF-κB pathway (35), which was 
significantly downregulated by PBMT in this study. A 
previous study also demonstrated that PBMT can regulate 
histone acetylation and NF-κB expression (19). In addition, 
S100A8/A9 can promote the NF-κB pathway by activating 
toll-like receptor 4 (TLR4) through the MyD88-dependent 
pathway, which is downregulated by PBMT in rosacea-
like skin (36). These findings indicated that PBMT may 
alleviate inflammation by inhibiting the NF-κB pathway 
and the downstream inflammatory response (35). The 
results of the present report are in accordance with these 
previous studies. The present study also demonstrated 
that PBMT attenuated the abnormal infiltration of crucial 

immune cells implicated in rosacea pathogenesis. Taken 
together, PBMT may suppress the inflammatory response 
of rosacea by inhibiting immune cell recruitment and 
crucial inflammatory pathways. Furthermore, PBMT 
inhibited angiogenesis in rosacea-like mouse skin. Although 
PBMT has been reported to have multiple benefits, there is 
limited evidence supporting the anti-angiogenesis effect of 
PBMT. Herein, the expression of CD31, a key marker for 
angiogenesis, was significantly downregulated by PBMT in 
rosacea-like lesions. However, the underlying mechanisms 
of the anti-angiogenic function of PBMT warrant further 
investigation. Indeed, the suppression of angiogenesis may 
be partly attributed to its inhibition of the inflammatory 
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Figure 5 The infiltration status of macrophages and Treg cells in mouse skin tissues from the NC, MC and PBMT groups, as observed by 
immunofluorescence staining. (A) The infiltration status of γδ T cells marked by CD3 (red fluorescence) and TCRγδ (green fluorescence). 
Scale bar =100 μm. (B) The infiltration status of macrophages as determined by CD80 (green fluorescence) and F4/80 (red fluorescence) 
staining. Scale bar =100 μm. MC, model control; PBMT, photobiomodulation therapy; NC, negative control; Treg, regulatory T cell.
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response, considering the neuroinflammatory characteristic 
of rosacea. 

Apart from its anti-inflammatory function, previous 
studies have revealed that PBMT can regulate the 
activation of TRPV1, thereby relieving the discomfort, 
including burning, stinging, and itching, associated with 
rosacea (21,22). Moreover, it has been suggested that 
PBMT can promote the growth and proliferation of 
fibroblasts (14-18), and stimulate keratinocyte migration 
and differentiation (19). The histological studies herein 
demonstrated that the dermal collagen fibers were thickened 
and arranged more orderly in rosacea-like lesions after 
PBMT. Therefore, PBMT may improve rosacea lesions by 
mediating epidermal regeneration, repairing the skin barrier, 
and increasing dermal collagens. Notably, a previous study 
demonstrated that LED at 630 and 940 nm downregulated 
the expression of key inflammatory mediators in rosacea, 
as well as protease activity in keratinocytes and rosacea-
like mouse skin (28). The present study further supported 
the conclusion that PBMT can alleviate the inflammatory 
response of rosacea. PBMT downregulated the expression 
of S100A9 and p65, which suggested that PBMT might 
suppress the inflammatory response by inhibiting the NF-
κB pathway. Moreover, the abnormal infiltration of immune 
cells was alleviated by PBMT, indicating that it may alleviate 
inflammation by inhibiting leukocyte recruitment and 
immune infiltration. Furthermore, PBMT may suppress 
angiogenesis, which may also help improve rosacea. Taken 
together, this study demonstrated that PBMT can alleviate 
the inflammation and erythema of rosacea-like skin, and 
may have therapeutic potential in the management of 
rosacea. However, the current evidence is limited to in 
vivo and in vitro studies, and further high-quality clinical 
investigations are warranted to further elucidate the effects 
of PBMT on rosacea.

There were several limitations to this study. First, a 
parameter array was not set up in this study. While the 
parameters of PBMT were fixed, the optimal parameters for 
rosacea remain to be elucidated. Second, clinical evaluation 
was not conducted in this study and the efficacy of PBMT 
in humans requires further investigation. Finally, although 
the method for inducing rosacea-like mouse skin has been 
reported in previous studies, the current model was not 
able to completely simulate the rosacea lesions in humans. 
In summary, the present study may provide candidate 
DEGs and for the subsequent investigation or therapy for 
rosacea. The dysregulated infiltration of the four immune 
cell, demonstrating that they may play an important role 

in the rosacea pathogenesis, which may become potential 
targets for the rosacea therapy (especially immune therapy). 
More importantly, the present study provided preliminary 
evidence for the therapeutic effects of PBMT on rosacea. 
In particular, PBMT inhibited the immune recruitment and 
crucial inflammatory pathways of rosacea, and may exert 
anti-angiogenic and barrier-repairing functions, which may 
improve the condition of patients with rosacea. 
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