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Abstract
Introduction: The Mechanism of laser therapy and also its safety are 2 important features of the 
application of different types of lasers in medicine. This study aims to investigate the critically 
affected genes after the treatment of squamous cell carcinoma patients.
Methods: The gene expression profiles of 4 squamous cell carcinoma patients that were treated via 
chemoradiotherapy (CRT) plus the laser and 3 similar patients without laser exposure from Gene 
Expression Omnibus (GEO) were downloaded and were screened to find critical genes via network 
analysis. The STRING database, Cytoscape software, and the Clue GO plug-in of Cytoscape software 
were used.  
Results: The genes HSX70 and NCC27 were determined as neighbors and HSPA1B, CLIC1, RAB13, 
PPIF, and LCE3D as hub genes. The over-expression of LCE3D was interpreted as the side effect of 
laser therapy. Apoptosis and the cell cycle were the dominant biological processes regulated by the 
HSP molecules in the laser-treated patients.
Conclusion: The laser affected the main biological processes and simultaneously issued side effects.
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Introduction
The application of high-dose lasers and light devices in 
oncology, dermatology, and other fields of medicine is a 
basic therapeutic procedure. Different types of activities 
like surgery and skin rejuvenation have been established 
by using laser therapy. Photobiomodulation therapy is 
the term that is tied to the clinical application of low-
dose biophotonic which can lead to lessening pain and 
inflammation and also wound healing.1 There are a large 
number of documents about the clinical application of 
low-level laser therapy and photobiomodulation therapy 
to various tissues and organs, indicating the growing 
feature of low-level laser therapy in medicine.2-4 As laser 
therapy application in medicine is rising, its safety and 
effectiveness have also been investigated by researchers 
to approve the related devices and methods.5,6 In this 
regard, the understanding of the molecular mechanism 
of laser therapy is an attractive subject. There are many 

documents about the molecular base of laser effect in 
medicine and biology.7-9 An important feature of the 
molecular mechanism is gene expression regulation 
in the laser-irradiated samples. In such samples, laser 
irradiation affects gene expression and therefore, some 
genes up-regulate and other ones down-regulate.10,11 In 
the case of laser irradiation, a large number of genes may 
get dysregulated. A proper method for screening many 
genes to find the critical one is PPI network analysis.12,13 
In network analysis, all related elements such as genes 
are included in the scale-free connected unit. In this 
mode of connection, each one of the elements or nodes 
is linked to the different kinds and numbers of the 
other nodes and plays a special role in the construction 
of the network. The topological analysis of the network 
provides important information: the identification of hub 
nodes and also bottlenecks.14-16 These critical nodes are 
considered as key elements, which are involved in the 
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studied phenomenon.17 In the present study, the critical 
DEGs of squamous cell carcinoma patients after laser 
therapy are investigated to understand the main affected 
biochemical pathways. 

Methods
The patients who were ≥18 years old and diagnosed 
with the squamous cell carcinoma were studied and 
grouped into 4 patients in the laser group (LG) and 3 
patients in the placebo group (PG). Two repeats of each 
sample were included in the analysis. The patients were 
treated via chemoradiotherapy (CRT) plus a laser and a 
placebo. A diode laser characterized by Lsae III® indium 
phosphide, gallium, and aluminum with emission in λ660 
nm was applied for photobiomodulation therapy. The 
collected buccal smears of the patients on day 1 (before 
CRT) and day 10 of CRT were used for RNA extraction 
and cDNA microarray analysis. More details of the 
procedure are available in the published document of 
Antunes et al.18 Data were downloaded from GEO under 
the title of GSE94833/GPL6244. Statistical analysis was 
done via GEO2R and the samples and controls were 
matched. The top 250 significant DEGs were considered 
for more analysis. The valid DEGs (P value <0.05 and 
fold change >1.5) were imported in the “Universal 
Interaction Database Client” data source and searched via 
the “Search by ID (gene/protein/compound ID)” search 
mode by Cytoscape software v3.7.1. The PPI network 
was constructed by Cytoscape software; the nodes were 
connected in an undirected model of connections.

The network was analyzed by the Network Analyzer 
application of Cytoscape software to determine the 
central nodes. The top nodes based on the degree value 
were determined as hubs. The action map including 
activation, inhibition, binding, expression, catalysis, and 
ptmod was illustrated for hub nodes via the CluePedia 
plug-in of Cytoscape. 

Results
Comparing data requires statistical matching. As it is 
shown in Figure 1, the distribution of gene expression 
profiles is median-centered; therefore, the samples are 
comparable. Among 250 requested differentially expressed 
genes (DEGs), 111 characterized ones were downloaded 
and 16 recognized individuals were significant with fold 
change >1.5 (see Figure 2). The fold change of FAM91A1 
and CRHR1-IT1 was almost 1.5. The results from the 
searched data in the “Universal Interaction Database 
Client” data source are tabulated in Table 1. As it is shown 
in this table, 8 databases which contained different types 
of data were activated. The most found data corresponded 
to the iRefIndex database. This database provides protein 
interaction records from several databases, including 
BIND, BioGrid, DIP, HPRD, IntAct, MINT, MPact, 
MPPI, and OPHID.19 Since the number of records may 
be repeated in the databases, the network including 

Figure 1. Box Plot Comparison Between the Samples. Blue and red colors 
refer to the gene expression profiles of the control group (placebo applied) 
and the laser-treated group respectively. The distribution of gene expression 
amounts for the 4 quarters of genes is illustrated.

Figure 2. Fold Change of 16 Recognized Significant DEGs Relative to the 
Laser-Treated Buccal Samples in Comparison With Controls. Negative fold 
changes refer to down-regulation.
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Table 1. Different Types of Activated Databases in Response to the Searched 
Valid 16 DEGs via the STRING Database

Database Name Records Found

iRefIndex 2499

IMEX 683

IntAct 599

MINT 146

UniProt 74

Reactome-FIs 30

bhf-ucl 4

HPIDb 3
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1447 nodes and 1535 edges organized in 11 connected 
components was created (see Figure 3). Due to a large 
number of nodes, Figure 3 is not informative; therefore, 2 
parts of this figure including the connected components 
except the main connected component are shown in 
Figures 4 and 5 with a suitable resolution. LCE3D and 
PPIF, the two queried DEGs, are highlighted in Figures 4 
and 5 respectively.
The list of queried DEGs with a degree value above 
3 including HSPA1B, CLIC1, RAB13, PPIF, LCE3D, 
FAM91A1, TREX2, SNX12, SFTA2, POLR2J3, and CD175 
is shown in Table 2. As it is presented in Table 2, the degree 

values of DEGs were distributed in four categories: 5-9, 
20-21, 53-79, and 577. We selected the last two classes as 
hub-DEGs and the other elements of the network (except 
the queried ones) that were characterized by a degree 
value above 53 with a human source were considered as 
hub nodes. In this regard, HSX70 and NCC27 with degree 
values of 174 and 61 respectively were identified as hubs. 
Activation, inhibition, binding, expression, catalysis, and 
ptmod actions for hubs revealed that HSX70 and NCC27 
were not recognized by CluePedia and only there were 
binding, catalysis, and ptmod actions between HSPA1B 
and PPIF (see Figure 6). Since HSPA1B was the top hub, it 

Figure 3. PPI Network Including 1447 Nodes and 1535 Edges Organized in 11 Connected Components of the Buccal Laser-Treated Samples Relative to the 
Controls.

Figure 4. A Connected Component From the Right-up Part of Figure 3.
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reacted to the action map, and also its expression change 
was significant; its connections with the other neighbors 
were searched in the STRING database (see Figure 7).

Discussion
Based on the box plot analysis, the distribution of 
gene expression profiles of the samples is statistically 
comparable. In Figure 1, not only bars are median-
centered but also distribution profiles follow a similar 
pattern. Therefore, it is expected that there are a number 
of DEGs that discriminate the profiles. These significant 
valid DEGs which are shown in Figure 2 include 16 
individuals. LCE3D, HSPA1B, and CLIC1 are the DEGs 
that are characterized by most expression changes relative 
to the other DEGs. However, the amount of expression 
change of the studied genes is an important criterion 
in proteomics and their interaction properties are the 
critical feature that should be considered. In the network 
analysis, the topographic aspects of the constructed 
network provide informative data to better understand 

 

LCE3D, HSPA1B, CD177, PPIF, POLR2J3, CLEC18B, FAM91A1, CRHR1-IT1, CDRT1, SNORD32B, TREX2, 
SFTA2, SNX12, RAB13, SPAG11A, CLIC1 

 Figure 5. The connected component which is presented in the down part of Figure 3.

Figure 7. HSPA1B and its first 10 neighbors (https://string-db.org/cgi/
network.pl?taskId=6wJNOXvF3W4E). 

Figure 6. The Action Map of Hub Nodes. There are binding, catalysis, and 
PTMD connections between PPIF and HSPA1B.

Table 2. The List of Queried DEGs With a Degree Value >3

Name Degree

HSPA1B 577

CLIC1 97

RAB13 63

PPIF 54

LCE3D 53

FAM91A1 21

TREX2 20

SNX12 9

SFTA2 8

POLR2J3 6

CD175 5

the role of the network elements in the promotion of the 
studied condition such as disease. The construction of a 
network including 1447 nodes and 1535 edges indicates 
a wide range of interactions around the queried DEGs. 
As it is illustrated in Figures 3-5 and Table 2, the queried 
DEGs are ranked based on the number of linkages with 
the other nodes. HSPA1B as the top hub DEG in Table 2 
is connected to 577 nodes (about 40% of all nodes of the 
network). Considering the significant rank of expression 
change of HSPA1B and the top degree value, it can be 
implied that this chaperon is introduced as a critical gene 
in response to laser treatment. 

HSPA1B is an intronless gene that encodes a 70 kDa 
heat shock protein. This protein and several other HSP 
molecules are known as the heat shock protein family. 

https://string-db.org/cgi/network.pl?taskId=6wJNOXvF3W4E
https://string-db.org/cgi/network.pl?taskId=6wJNOXvF3W4E
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Like the other HSPs, this heat shock protein is involved 
in protein stabilization and folding in the cells. The role 
of HSPA1B in the development of the hepatocellular 
carcinoma, the urinary tract infection, chronic heart 
failure, noncognitive symptoms in late-onset Alzheimer’s 
disease, and several other diseases are investigated and 
discussed in detail.20-25 Based on a report by Schröder 
et al, the heat shock protein 70 genotypes HSPA1B 
and HSPA1L are two important regulators of cytokine 
concentrations and interfere with consequences after 
major injury.26

As it is shown in Figure 7, different types of genes are 
related to HSPA1B. Based on the extracted data from the 
STRING database, DnaJ homolog subfamily A member 
1 plays a role in protein transport into mitochondria via 
its role as a co-chaperone. This protein as a co-chaperone 
for HSPA1B in response to cellular stress protects cells 
against apoptosis. DnaJ homolog subfamily A member 
2 as a co-chaperone of Hsc70 stimulates ATP hydrolysis 
and the folding of unfolded proteins which are mediated 
by HSPA1A/B. Heat shock protein HSP 90-alpha/beta is 
involved in cell cycle control and signal transduction. The 
BAG family molecular chaperone regulator 3, the other 
co-chaperone for HSP70, has anti-apoptotic activity. 
It can be concluded HSPA1B is involved in the critical 
protecting activity in response to stress.

The second top hub that is identified by a degree value 
of 174 is HSX70, a heat shock protein which is involved 
in the response by cells to stress, including hyperthermia, 
hypoxia, and injury.27 The role of this heat shock protein 
in neurodegenerative diseases is also reported.28 This 
protein is not the queried one and is highlighted among 
the neighbor individuals. 

The late cornified envelope-3 D gene (LCE3D) that has 
undergone most expression changes among the queried 
genes is another hub which is characterized by a degree 
value of 53. The correlation between psoriasis which is 
one of the most common inflammatory skin diseases 
worldwide and LCE3D has been investigated and 
reported by researchers.29,30 As Titova et al report, intense 
terahertz (THz) pulse radiation suppresses epidermal 
differentiation complex (EDC) genes such as the SPRR 
family and S100 genes that encode calcium-binding 
proteins and multiple cornified envelope genes. In this 
report, it is expressed that S100A11, S100A12, SPRR1B, 
SPRR2B, SPRR2C, SPRR3, involucrin (IVL), and LCE3D 
are associated with cutaneous squamous cell carcinomas 
and are up-regulated in the patients.31 It can be concluded 
that the up-regulation of LCE3D in the present study is 
related to the side effect of laser therapy. On the other 
hand, treatment with laser radiation not only is ineffective 
in inhibiting cancer but also increases one of the factors 
that are related to cancer. This can be due to the fact that 
the laser is not capable of molecular targeting. 

Chloride ion channel protein (CLIC1) the most down-
regulated gene is the other important DEGthat is appeared 

as hub with a degree value of 97. The over-expression of 
CLIC1 in a gastric carcinoma is reported by Chen et al.32 
Therefore, the intense down-regulation of CLIC1 in this 
study can be related to the treatment procedure. 

Conclusion
The findings revealed that network analysis is a 
useful method to provide detailed information about 
a convoluted complex system such as laser therapy. 
In this study, there was a logical correlation between 
the expression change and the centrality parameter 
of the studied DEGs. Laser therapy suppressed some 
dysregulated genes in the patient but simultaneously 
activated the nasty ones such as the LCE3D gene. It can be 
concluded that there are benefits in the application of the 
laser beside some side effects that should be considered to 
protect the body against possible damage.
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