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Introduction
As external stimuli, light, ultrasound, and magnetic 
field are able to activate cancerous targets in vivo. The 
NIR laser can be applied as an efficient stimulus to 
mark the cancer thermo-chemotherapy targets.1 NIR 
as a tool of photothermal therapy (PTT) has attracted 
extensive attention as a successful treatment of cancer. 
It has appeared as a noninvasive and effective method.2 
Development of PTT is associated with applying suitable 
particles that are able to penetrate deeply into cancer 
tissue and using the NIR laser to raise the temperature in 

targeted tissue.3 In this regard, researchers try to introduce 
new photodynamic therapy sensitizers to promote the 
usage of NIR as a beneficial method against cancer.4

Both genomics and bioinformatics are applied to 
explore the molecular mechanism of many therapeutic 
methods. There are documents about the genomic study 
of NIR application in medicine.5,6 Bioinformatics as a well-
known technique is used widely to discover the molecular 
mechanism of diseases and methods in medicine.7 It has 
been established that the gene expression profile study is a 
successful approach to exploring the details of the molecular 
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Abstract
Introduction: Photothermal therapy (PTT) by using a near-infrared (NIR) laser, as a successful 
treatment of cancer, has attracted extensive attention of researchers. Its advantages as a 
noninvasive and suitable method have been confirmed. Discovery of the NIR laser molecular 
mechanism at the cellular level via system biology assessment to identify the crucial targeted 
genes is the aim of this study. 
Methods: RNA-seq series of six samples were retrieved from Gene Expression Omnibus (GEO) 
and pre-evaluated by the GEO2R program for more analysis. The significant differentially 
expressed genes (DEGs) were determined and studied via gene expression analysis, protein-
protein interaction (PPI) network assessment, action map evaluation, and gene ontology 
enrichment. 
Results: HSPA5, DDIT3, TRIB3, PTGS2, HMOX1, ASNS, GDF15, SLC7A11, and SQSTM1 were 
identified as central genes. Comparing the central genes and the determined crucial genes via 
gene expression analysis, actin map results, and gene ontology enrichment led to the introduction 
of HSPA5, DDIT3, PTGS2, HMOX1, and GDF15 as critical genes in response to the NIR laser. 
Conclusion: The results indicated that the principle biological process “Endoplasmic reticulum 
unfolded protein response” and HSPA5, DDIT3, PTGS2, HMOX1, and GDF15 are the crucial 
targets of the NIR laser. The results also showed that the NIR laser induces stress conditions in 
the irradiated cells. 
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event in diseases, especially cancers.8,9 Interesting data have 
been produced about the effect of radiation on the cells and 
body via genomic studies. There are many published data 
about gene expression alteration following exposure to IR 
radiation.10,11 The close relationship between genomics 
and bioinformatics has accelerated the simplification of 
complex results of genomics.12

Protein-protein interaction (PPI) network analysis 
is a tool to study a large set of genes to find the crucial 
individuals. In this method genes make connections with 
the neighbor(s) to form an interactome based on their 
specific centrality properties. The central genes, hubs, and 
bottlenecks are critical elements of a PPI network. The 
central nodes control other nodes of the network and also 
the related critical functions.13,14 PPI network analysis is 
applied widely to study biological systems after exposure 
to radiation.15,16 Gene ontology assessment is another 
approach that is applied broadly to identify the altered 
biological processes and biochemical pathways.17 In the 
present study, gene expression data related to the effect of 
the NIR laser on osteosarcoma cells (143B cell line) were 
retrieved from the GEO database, and they were evaluated 
via PPI network analysis and gene ontology assessment to 
explore more details of related cellular molecular events.

Methods
Data Collection
Information about osteosarcoma cells (143B cell line) 
which were treated with near-infrared (NIR) was extracted 
from GSE11393 (https://www.ncbi.nlm.nih.gov/geo/
geo2r/?acc = GSE211393) that was recorded in the GEO 
database. The cells received TPBC-PEG (tetraphenyl 
bacteriochlorin-mono-functional polyethylene glycol) as 
a photosensitizer and were exposed to a laser for 4 minutes 
(160 mV, 735 nm), followed by a 24-hour culture. RNA-
seq data of the cells (GSM6468381-3) were compared with 
controls (GSM6468378-80). The significant differentially 
expressed genes (DEGs) were determined by using the 
FEO2R program.

Pre-evaluation Analysis
To explore the distribution pattern of significant up- and 
downregulated DEGs, we provided a volcano plot. The 
separation of the treated 143B cells from the controls was 
assessed via UMAP analysis. The numbers of DEGs and 
Significant DEGs were visualized via a Venn diagram. 
The relationship between the normalized average of gene 
expression values and the related dispersion parameters 
was assessed via the mean – variance trend. 

Gene Expression Analysis
Gene expression change is a critical property of the studied 
biological samples. In the present study, about 10% of the 
top up and down-regulated DEGs were selected for more 
analysis.

Network Analysis
The significant DEGs were assessed via PPI network 
analysis by using the STRING database and Cytoscape 
software v 3.7.2. The main connected component of the 
PPI network was analyzed via the “Network analyzer” 
application of Cytoscape to find the central nodes. The 
top 10% of nodes based on degree value and betweenness 
centrality were identified as hubs and bottlenecks, 
respectively. The common hubs and bottlenecks were 
introduced as hub-bottlenecks. Expression, activation, 
and inhibition relationships between significant DEGs 
were assessed via CluePedia. The significant DEGs 
were enriched via CluGO to find associated biological 
processes.

Statistical Analysis
Significant DEGs were identified based on the adjusted 
p-value of less than 0.05. Significant DEGs with 
1 ≤ LogFC ≤ (-1) were considered for more analysis. The 
PPI network was constructed by considering confidence 
score = 0.2. Biological processes were determined by 
considering term p-value, term p-value corrected with 
Bonferroni step-down, group p-value, and group p-value 
corrected with Bonferroni step-down less than 0.01.

Results
The distribution of up- and downregulated DEGs is 
visualized in Figure 1. There are many significant DEGs 
that discriminate the 143B cells treated with the NIR laser 
from the controls. UMAP analysis (Figure 2) revealed 
that the treated cells and controls are differentiated 
completely. As shown in Figure 3, there are 4714 
significant DEGs relative to the 17 333 total dysregulated 
genes. Since a 2-fold change is a suitable criterion to select 
the significant DEGs,18 the number of the significant 
DEGs was limited by the application of this parameter. 
The normalized average of the gene expression values and 
the related dispersion parameters (Figure 4) indicates that 
the analysis is acceptable and the statistical parameters 
are defined properly.

The three most downregulated and 16 most upregulated 
genes were selected among the significant DEGs. The 
gene expression change values of the most dysregulated 
genes are shown in Figure 5. 170 significant DEGs 
were included in the STRING database to form the PPI 
network. Among the queried DEGs, 143 genes (including 
7 isolated DEGs and a main connected component of 136 
nodes) were recognized. The main connected component 
of the PPI network is presented in Figure 6. Fourteen 
hubs and 14 bottlenecks were introduced. Finally, 
nine hub-bottleneck genes including HSPA5, DDIT3, 
TRIB3, PTGS2, HMOX1, ASNS, GDF15, SLC7A11, and 
SQSTM1were introduced as central DEGs (see Table 1).

The results of the action map analysis are shown in 
Figure 7. As it is depicted in Figure 7, seven subnetworks 
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are formed. The studied nodes are connected mostly to 
others via activation action. The associated biological to 

significant DEGs are shown in Figure 8. As it is presented 
in Figure 8, 36 biological processes are grouped into 13 

Figure 1. Volcano Plot of Cell Response to the NIR Laser

Figure 2. UMAP of the Gene Expression Analysis of the Treated Cells with 
the NIR Laser Versus the Control

Figure 3. Venn Diagram of the Gene Expression Analysis of the Treated 
Cells with the NIR Laser Versus the Control

Figure 4. Mean – Variance Trend of the Gene Expression Analysis of the 
Treated Cells with the NIR Laser Versus the Control

Figure 5. Top Up- and Downregulated Genes Related to the Gene Expression 
Analysis of the Treated Cells with the NIR Laser Versus the Control

Figure 6. Main Connected Component of the PPI Network. Red to green 
and small to large refer to the increment of degree values and betweenness 
centralities
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clusters. Eight clusters have a single member, while the 
largest cluster include 11 biological processes. The two 
largest clusters and the associated DEGs are shown in 
Figure 9.

Discussion
The effect of IR radiation on the gene expression 

of osteosarcoma cells (143B cell line) has attracted 
researchers’ attention. Apoptosis extracellular matrix, 
stress signaling, and calcium homeostasis are introduced 
as the targets of IR radiation.19 Pre-evaluation of the 
data revealed that the NIR laser has changed the gene 
expression of the treated 143B cells effectively. 4714 
significant DEGs (a large set of genes) were introduced 

Table 1. List of the hub-bottleneck DEGs of the main connected component

Display Name Description Degree Betweenness Centrality LogFC

HSPA5 heat shock protein family A (Hsp70) member 5 40 0.080 2.04

DDIT3 DNA damage inducible transcript 3 35 0.070 2.14

TRIB3 tribbles pseudokinase 3 35 0.057 1.57

PTGS2 prostaglandin-endoperoxide synthase 2 34 0.072 2.16

HMOX1 heme oxygenase 1 31 0.055 1.04

ASNS Asparagine synthetase (glutamine-hydrolyzing) 30 0.045 1.45

GDF15 growth differentiation factor 15 28 0.051 2.39

SLC7A11 SLC7A11 antisense RNA 1 24 0.050 2.19

SQSTM1 sequestosome 1 24 0.059 1.02

Figure 7. Action Map Related to the Gene Expression Analysis of the Treated Cells With the NIR Laser Versus the Control. Green and yellow refer to activation and expression

Figure 8. Biological Processes and Associated Significant DEGs (the red labeled nodes)
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as a response to the NIR laser. Four steps of analyses 
including gene expression, PPI network, action map, and 
gene ontology evaluations were planned to explore the 
crucial genes among 4714 significant DEGs. 

Gene expression analysis is a useful method for assessing 
biological events.20 In the first step, a set of genes including 
NPPB, IGFBP5, RGS4, HSD3BP4, SLC7A11, DDIT4, 
DDIT3, PTGS2, INHBE, SLC7A11-AS1, TCP11L2, 
NUPR1, GDF15, MMP10, RPLP0P2, LURAP1L, 
NMRAL2P, MMP3, and KLHDC7B was identified as 
the top dysregulated genes. Since the central nodes of a 
PPI network are considered as important individuals that 
play critical roles in functions of the studied system,21 
in the second step of the study, the central nodes of the 
PPI network were considered for more investigation. 
An action map includes seven subnetworks: three paired 
nodes, two triples, a pentad, and a component of eight 
nodes. An action map as an efficient method is applied 
to understand the molecular mechanism of diseases.22 In 
the third step of the analysis, the subnetworks that had 
common genes with gene expression analysis or PPI 
network results were selected for more analysis. Based 
on this assessment, the three paired subnetworks and the 
triples including TSLP, IL13RA2, and IL24 that are shown 
in Figure 7 were ignored for further analysis. The remained 
subnetworks include 17 DEGs (see Figure 7). Finally, 22 
genes were determined as the important individual from 
gene ontology assessment. Gene ontology is used as a tool 
to screen genomics data by researchers.22

The assessment indicated that the SQSTM1 central 
node was not included in the other three gene sets. 
Therefore, SQSTM1 was deleted from the critical genes. 
A similar investigation showed that TRIB3, ASNS, and 
SLC7A11 were common with only one gene set, and 
they were ignored for more evaluation. HSPA5, DDIT3, 
PTGS2, HMOX1, and GDF15 remained as the central 
genes that were included in at least 2 gene sets. These five 
central genes were pointed out as the critical genes which 

were targeted by the NIR laser.
Heat shock protein family A (Hsp70) member 5 

(HSPA5) is unreasonably expressed in various tumors and 
closely accompanied by the development and prognosis of 
cancer.23 As it is shown in Figure 7, HSPA5 downregulates 
DDIT3 (the second critical gene). DNA damage inducible 
transcript (DDIT3) is a pro-apoptotic transcription factor 
that is associated with endoplasmic reticulum-stress 
response.24 It is reported that HSPA5 is accompanied by 
protein folding in the endoplasmic reticulum cellular 
compartment.25 The relationship between DDIT3 and 
Growth differentiation factor 15 (GDF15) is shown in 
Figure 7. DDIT3 activates and upregulates GDF15. Based 
on evidence, GDF15 as a cytokine has a significant effect 
on systemic energy metabolism. An investigation indicates 
that GDF15 expression and secretion are often linked to 
mitochondrial stress. Various stress conditions such as 
acute myocardial infarction and intense exercise induce 
GDF15 expression.26. As it is represented in Figure 7, the 
pentad subnetwork is a crucial component which includes 
three critical central genes. This component also 
contains TRIB3 (the central node) which is introduced 
in Table 1. Research showed that TRIB3 changes 
endoplasmic reticulum stress-induced β-cell apoptosis.27

A close relationship between prostaglandin-
endoperoxide synthase 2 (PTGS2) and heme oxygenase 
1 (HMOX1) is seen in Figure 7. The relationship between 
PTGS2 upregulation and increased radio-resistance in 
glioma cells has been evaluated previously.28 The positive 
effect of HMOX1 upregulation as an adaptive mechanism 
on the protection of cells from oxidative damage during 
stress is a well-known role of HMOX1.29 The crucial roles 
of the critical central genes in “endoplasmic reticulum 
unfolded protein response” and “PERK-mediated 
unfolded protein response” biological processes are 
depicted in Figure 9. “Endoplasmic reticulum unfolded 
protein response” as the main group of biological process 
includes 11 biological processes. 

Figure 9. The Two Largest Groups of Biological Processes and Associated Significant DEGs (the red labeled nodes)
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Conclusion
In conclusion, the NIR laser induces considerable 
alterations in the gene expression profiles of the treated 
osteosarcoma cells. HSPA5, DDIT3, PTGS2, HMOX1, 
and GDF15 were introduced as five critical targets of 
the NIR laser in osteosarcoma cells (143B cell line). The 
results showed that “endoplasmic reticulum unfolded 
protein response” is the principal biological process 
group which is affected by the NIR laser. It can be 
concluded that the NIR laser like other types of radiation 
induces stress conditions in the irradiated cells. It can be 
suggested that the efficiency and possible side effects of 
NIR laser application to treat cancer be compared with 
the other radiation methods. 
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