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Abstract
Introduction: The development of therapeutic methods implies an understanding of the molecular 
mechanism of the applied methods. Due to the widespread use of UV radiation and cold physical 
plasma in medicine, the molecular mechanism of these two methods is compared via gene ontology. 
Methods: Data were derived from Gene Expression Omnibus (GEO). The differentially expressed 
genes (DEGs) which discriminate the cells treated with UV radiation versus indirect cold physical 
plasma were analyzed via gen ontology enrichment. The related biochemical pathways were 
extracted from the “Kyoto Encyclopedia of Genes and Genomes” (KEGG). 
Results: Among the 152 queried DEGs, 18 critical genes including SOC1, LDLR, ALO5, PTGS2, TNF, 
JUNB, TNFRSF1A, CD40, SMAD7, ID1, SMAD6, SERPINE1, PMAIP1, MDM2, CREB5, GADD45A, 
E2F3, and ETV5 were highlighted as the genes that victimize the two methods. 
Conclusion: NOTCH1 and TNF as the main genes plus SEREPINE1, KLF, and BDNF were introduced 
as the significant genes that are involved in the processes which discriminate cold physical plasma 
administration and UV-radiation as the two evaluated therapeutic methods. 
Keywords: Chemical pathway analysis; Cold physical plasma; UV-radiation; Gene expression 
change; Gene ontology.
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Introduction
The promotion of therapeutical methods in medicine, 
especially in fighting against cancers, is the main aim 
of experts. Radiation is a field that has developed and 
progressed quickly in recent years. Using different sources 
of radiation in medicine has been raised, so the varieties 
of lasers, UV producers, and cold physical plasma sources 
are common tools in clinics. In this regard, therapeutic 
procedures have become more efficient.1-5

Environmental ultraviolet radiation is tied to human 
life. It is counted as a risk factor for skin cancer, probably 
via the oxidative stress mechanism.6 On the other hand, it 
is a therapeutic tool that has attracted experts’ attention. 
Laikova et al have published a document which pointed 
to anticancer drugs such as mutations, UV-radiation, and 
antisense oligonucleotides.7 

Non-thermal atmospheric pressure plasma is a partly 
ionized gas comprising moderately slow ions and fast 

electrons.8 Tabares and Junkar published a review about 
the application of cold physical plasma in medicine. The 
authors emphasized the application of cold physical 
plasma for surface treatments.9 Also, Harley et al have 
discussed the challenges of physical plasma application 
as an anticancer agent.10 As it has been reported, reactive 
oxygen and nitrogen species is introduced as the key 
suppliers for the efficacy of cold atmospheric pressure 
plasma against cancer cells.11

The molecular mechanism detection of anticancer 
drugs is an important activity that is performed 
continuously. Therefore, there are many reports about 
the genomic response of living organisms to anticancer 
drugs and the applied radiations. The findings are 
presented as a large set of differentially expressed genes 
(DEGs) which discriminate the irradiated samples from 
the control individuals.12,13 Gene ontology and pathway 
analysis can be applied to explore the prominent roles of 
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the assessed genes. Onik et al have used gene ontology 
to find the mechanism by which UV-radiation causes 
the quality promotion of early ripening apple fruit.14 The 
Kyoto Encyclopedia of Genes and Genomes” (KEGG) 
database (https://www.kegg.jp) integrates various 
biological items branded into system, genomic, chemical 
and health information. KEGG is a suitable source of 
biochemical pathways.15 In the present study, the gene 
expression profiles of human melanocytes exposed to 
indirect cold physical plasma versus the cells irradiated 
by UV radiation were downloaded from GEO and 
analyzed via gene ontology to find the different molecular 
mechanisms of the two compared methods.

Methods
Genomics data were downloaded from Gene Expression 
Omnibus (GEO) (https://www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc = GSE157824). As it is described in the 
recorded data, the gene expression changes of human 
skin melanocytes under indirect cold physical plasma 
and UV radiation were investigated to find the impact of 
cold atmospheric plasma on the treated cells. Microarray 
analysis was done after 2-hour incubation. GSM4775512-
GSM4775517 as the samples exposed to the indirect cold 
physical plasma and GSM4775518-GSM4775521 as the 
UV-irradiated cells were selected to be examined. 

The 250 top significant DEGs were downloaded by the 
GEO2R program. Since all gene expression amounts were 
characterized by P value < 0.001 and fold-change > 2, the 
selected 250 DEGs were considered for more analysis. 
The detected spots were characterized by spot ID, and 
then the name of genes was mined from “Expression 
Atlas” (https://www.ebi.ac.uk/gxa/home). Among the 
queried 250 DEGs, 152 individuals were deciphered.

To evaluate the relationship between the P value and 
the fold change, we assessed the gene expression profiles 
of the cells which were exposed to indirect cold physical 
plasma versus the UV-irradiated cells via volcano plot 
analysis. 

Since the CleuPedia application of Cytoscape software 
enables researchers to provide a regulatory relationship 
between the queried DEGs, the decoded genes were 
included in CluePedia. Activation, inhibition, and 
expression actions were selected as the directed edges 
between the evaluated nodes of the constructed network. 
The isolated DEGs were deleted and the remained DEGs 
that were distributed in different clusters were analyzed. 

Related biochemical pathways for the decoded 
genes were searched via ClueGO version 2.5.7 from 
KEGG_08.05.2020. The biochemical pathways were 
grouped based on the kappa score.

Results
To assess the pattern of gene expression, we evaluated 
the data by the volcano plot (see Figure 1). Displaying 

an unstandardized signal such as the log (fold change) 
versus the noise-adjusted/standardized signal is known 
as the volcano plot.16 152 DEGs including 39 down-
regulated and 113 up-regulated genes were decoded. 
The 152 queried DEGs were included in the CluePedia 
application of Cytoscape software to determine regulatory 
relationships between the assessed genes. 148 DEGs were 
recognized by CluePedia. Among the recognized DEGs, 
108 genes remained isolated and 4 individuals were 
paired. All the clusters of the DEGs without the isolated 
individuals are shown in Figure 2. Inhibition, activation, 
and expression relationships between the evaluated genes 
are shown in this figure.

To access the related biochemical pathways, we included 
152 decoded DEGs in ClueGO. Under the P value < 0.05 
and “Medium Network Specificity” conditions, 5 groups 

Figure 1. The Volcano Plot of the Gene Expression Profiles of the Exposed 
Cells to Indirect Cold Physical Plasma Versus UV-Irradiated Cells. The 
colored dots refer to up- and down-regulated genes

Figure 2. Regulatory Relationships Between the Queried 152 Decoded 
Genes (148 Recognized Genes). 108 isolated DEGs are deleted. Green, 
red, and yellow refer to activation, inhibition, and expression actions
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of biological groups were detected. The introduced 
biochemical pathways and the related DEGs are shown 
in Figure 3. As it is depicted in Figure 3, 18 DEGs were 
connected to the identified biological terms.

Discussion
Developing the application of cold atmospheric plasma 
due to the noninvasive nature of this method implies more 
investigations into its molecular mechanism.17 The “Box 
plot” as a statistical technique is used to determine the 
patterns that may be concealed in a group of numbers. By 
using this statistical method, comparing the data groups 
via visually summarizing the data is possible. The highest 
and lowest levels of data, the approximate quartiles, and 
the median of point data are presented in the illustrated 
“box plot”. The probable outlier data will appear in the 
box plot. Experiments have revealed that the application 
of the “box plot” makes the interpretation of data easy.18 
The gene expression profiles of the compared cells (the 
exposed cells to indirect cold physical plasma versus the 
irradiated cells by UV radiation) in Figure 1 indicate 
that there are many up- and down-regulated genes. It 
can be concluded that the two assessed methods are 
discriminated by many dysregulated genes. This finding 
points to the different molecular mechanism which is 
governed by the two methods. 

Singh et al published a document about the application 
of differential gene regulatory networks to evaluate disease 
conditions. The promotion of this method is highlighted 
in this investigation.19 Regulatory relationships between 
the queried DEGs are shown in Figure 2. As it is depicted 
in this figure, among the 148 recognized genes, 40 
individuals participated in the 5 clusters and the other 
genes were isolated. The main connected component is 
constructed from 27 DEGs and the second sub-network 
is formed from five genes. Four DEGs are organized in a 
cluster and the two paired ones also appear. Activation 
and expression are the two prominent relationships 
between the evaluated genes. 

Pathway analysis is a common way to detect the 
molecular mechanism of diseases.20 Pathway analysis 

revealed the differences between both methods in 
signaling pathway activation. Five groups of pathways 
were identified as the related biological terms for the 
148 queried genes. However, 18 genes including SOC1, 
LDLR, ALO5, PTGS2, TNF, JUNB, TNFRSF1A, CD40, 
SMAD7, ID1, SMAD6, SERPINE1, PMAIP1, MDM2, 
CREB5, GADD45A, E2F3, and ETV5 among the queried 
DEGs were involved in the determined pathways. The 
combination of data from Figures 2 and 3 indicates that 
among the 18 introduced genes, 14 individuals (78%) 
are common genes. 11 common DEGs (79%) including 
SOC1, PTGS2, TNF, TNFRSF1A, CD40, SMAD7, ID1, 
SMAD6, SERPINE1, PMAIP1, and ETV5 are organized 
in the main connected component. It seems that this 
cluster is the core of genes, discriminating the induced 
molecular mechanism of “indirect cold physical plasma” 
from “UV-radiation” at the cellular level. As it is depicted 
in Figure 2, NOTCH1, TNF, SEREPINE1, KLF, and 
BDNF are characterized by 9, 8, 5, 5, and 5 first neighbors, 
respectively. 

Neurogenic locus notch homolog protein 1 (Notch 
1) is a member of the NOTCH family (the highly 
conserved transmembrane receptors). This family is 
involved in many important physiological events such 
as growth, differentiation, and apoptosis in normal 
cells. The dysregulation of NOTCH1 in many cancers 
such as leukemias, breast cancer, and brain cancer 
is reported by investigators.21 Tumor necrosis factor 
(TNF) which is characterized by a connection to 8 first 
neighbors in Figure 2 is a critical cytokine. It is pointed 
out that TNF is involved in both physiological and 
pathological processes.22 The dual role of TNF in breast 
cancer is highlighted by Cruceriu et al.23 The expression 
relationship between TNF and NOTCH 1 is presented in 
Figure 2. TNF in the dual administration up- and down-
regulates NOTCH1. This complex relationship between 
TNF and NOTCH1 depends on the body condition. 

Conclusion
There are essential differences between the molecular 
mechanism of UV radiation and cold physical plasma 
treatment. It seems that the top discriminators of the 
mentioned differences are the function of NOTCH1 and 
TNF. However, SEREPINE1, KLF, and BDNF also appear 
as the prominent elements which can discriminate the 
molecular mechanism of the two assessed methods.
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Figure 3. The Related Biochemical Pathways to the Queried 152 Decoded 
Genes (148 Recognized Genes). The red-labeled circles refer to the DEGs
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