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Abstract
Introduction: Time-dependent effects of laser radiation have been investigated by researchers. An 
understanding of the molecular mechanism of the time course effect of the laser needs molecular 
assessment and function evaluation of the related genes. In the present study, the importance of 
repetition of treatment after 4 weeks and gene expression alteration after 7 days of laser radiation 
versus one day on the human skin was evaluated via protein-protein interaction (PPI) network 
analysis and gene ontology enrichment. 
Methods: The differentially expressed genes (DEGs) were extracted from Gene Expression Omnibus 
(GEO) and assessed via PPI network analysis. The critical DEGs were enriched via gene ontology. 
The related biological processes and biochemical pathways were retrieved from “GO-Biological 
process” and “Kyoto Encyclopedia of Genes and Genomes” (KEGG) respectively. 
Results: The repetition of laser therapy after 4 weeks of the first treatment did not have a 
significant effect on treatment efficacy. Sixty-three significant DEGs and six classes of biological 
terms discriminated the samples seven days after the treatment from individuals one day after the 
treatment. The studied DEGs were organized into two clusters with certain functions. 
Conclusion: Based on the findings after laser therapy, several days are required to complete the 
critical processes such as DNA biosynthesis and skin cornification.
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Introduction
The time-dependent effect of laser radiation in medicine 
is an attractive subject for investigators. There are many 
documents about the effect of time which alters the 
efficacy of the treatment of patients with low-level laser 
therapy. The in vivo and ex vivo investigations revealed 
the important role of time in the effectiveness of laser 
therapy.1,2 Time-dependent events are reported for 
radiotherapy and other fields of radiation. Nagtegaal et 
al reported an evidence about dose-time dependent way 
in radiation.3 Sherrill et al reported a document about the 
considerable alteration of the gene expression of treated 
patients with a fractional laser one day after radiation, 

and these variations remained after one month.4

The important point related to the application of 
therapeutic methods is the molecular mechanism of 
treatment. Many researchers have administrated various 
projects to explore molecular events during the treatment 
of diseases. Gene expression changes are a suitable 
criterion to detect the details of the molecular mechanism 
of the applied therapeutic methods. In such research 
studies, a large number of genes that are up- or down-
regulated have been identified and assessed via suitable 
methods.5,6 Arjmand et al have published an article about 
the post-radiation time effect on the gene expression of 
the treated sample with a UV Laser. They compared the 
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biological effects of 15 and 30 minutes post laser radiation 
times.7

Bioinformatics is a common method for analyzing gene 
expression changes. Hossain et al have discussed a model 
to determine ovarian cancer gene expression patterns 
that are associated with mortality and progression of 
disease via bioinformatics and machine learning.8 Xiao et 
al have studied the gene expression changes of the treated 
sample after laser therapy by using bioinformatics.9 
Protein-protein interaction (PPI) network analysis as a 
bioinformatics trend is used to assess the laser effect on 
the body. Rezaei-Tavirani et al have studied the effect of 
erbium: yttrium–aluminum–garnet laser irradiation on 
the skin via PPI network analysis. The main targeted genes 
by laser radiation are reported in this investigation.10 Tian 
et al have studied molecular response in early glaucoma 
via PPI network analysis. The hub genes are introduced 
and discussed in this report.11 In the present study, the 
gene expression profiles of the treated patients with laser 
radiation one day and seven days after the treatment were 
extracted from Gene Expression Omnibus (GEO) and 
analyzed via PPI network analysis and gene ontology to 
find the main targeted genes, biochemical pathways, and 
biological processes.

Methods
Due to the effect of repetition on the efficacy of treatment, 
the gene expression profiles of the back skins of 14 women, 
which were treated with an ablative fractional laser, were 
extracted from GSE168760, which is recorded in GEO. 
The samples that received one session laser therapy and 
were prepared four weeks later are nominated as 4-weeks 
group. The other group (8-weeks group), received two 
sessions of laser with two four weeks intervals. In the 
first step, the gene expression profiles of the 8-weeks and 
4-weeks samples were compared by GEO2R. The gene 
expression alterations were assessed via volcano plot 
analysis. 

In the second step of the assessment, the gene expression 
profiles of 14 samples seven days after receiving one 
ablative fractional laser (7-day samples) were compared 
with 14 gene expression profiles of the samples provided 
one day after receiving one treatment (one-day samples). 
The feasibility of analysis was assessed via box plot 
evaluation and the investigated profiles were compared 
by the volcano plot. 

250 top differentially expressed genes (DEGs) that 
differentiate “seven-day samples” from “one-day 
samples” were extracted by using GEO2R. To find the 
significant DEGs, the queried DEGs were screened, 
considering P value ≤ 0.05 and (Fold change) ≥ 1.5. To 
construct a PPI network, the significant DEGs were 
imported in the “Protein query” of the STRING database 
by Cytoscape software v 3.7.2. The network was created by 
the recognized significant DEGs and was analyzed by the 

“Network analyzer” application of Cytoscape. The main 
connected component of the network was determined 
and based on degree value visualized. More details of the 
organization of the main connected component elements 
were assessed via cluster analysis. DEGs of cluster-1 and 
cluster-2 were enriched via gene ontology via ClueGO v 
2.5.7. The biological terms were extracted from “Kyoto 
Encyclopedia of Genes and Genomes” (KEGG) and GO-
Biological process. The biological terms were grouped 
based on the kappa score. 

Results
Volcano plot analysis of the gene expression profiles 
of “eight-week samples” versus “four-week samples” 
is shown in Figure 1. As it is presented, there are no 
significant differences between the compared samples. 
The box plot related to the “seven-day samples” versus 
“one-day samples” is presented in Figure 2. All gene 
expression profiles are median center and comparable. 
The gene expression pattern of the evaluated profiles is 

Figure 1. Volcano Plot of “8-Week Samples” Versus “4-Week Samples”

Figure 2. Box Plot of “7-Day Samples” Versus “1-Day Samples” Analysis
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depicted in Figure 3. As it is shown, there are numerous 
up- and down-regulated genes which discriminate the 
“seven-day samples” from “one-day samples”. 

Among 250 top DEGs, 89 individuals were determined 
as the significant DEGs. 86 genes were recognized by the 
STRING database and were included in the PPI network. 
A network including a main connected component 
containing 63 nodes, a pentad sub-network, two-paired 
genes, and 16 isolated DEGs was created. As it is depicted 
in Figure 4, the main connected component is formed 
from two clusters: cluster-1 including 42 nodes and 
cluster-2 containing 21 DEGs. Due to the presence of a 
limited family of genes in cluster-2, the organization of 
nodes in this cluster is shown in Figure 5. The elements of 
both clusters are presented in Tables 1 and 2. 

The result of gene ontology enrichment for nodes of 
cluster-1 is shown in Figure 6. Five groups of biological 
terms including “nucleoside metabolic process”, “positive 
regulation of telomerase RNA localization to Cajal 
body”, “NADH regeneration”, “disulfide oxidoreductase 
activity”, and “ribosomal large subunit biogenesis” are 

related to the elements of cluster-1. The three groups of 
biological terms (“cornification”, “antimicrobial humoral 
response”, and “intermediate filament cytoskeletal 
organization”) that are related to the nodes of cluster-2 
are represented in Figure 7.

Discussion
The efficacy evaluation of laser radiation in medicine 
is an attractive activity. Manuskiatti et al evaluated the 
long-term efficacy of the safety of laser radiation in 26 
Fitzpatrick skin types III and IV patients that received 
a 1064-nm picosecond laser in combination with the 
MLA handpiece for an average of three passes, for 6 
monthly sessions.12 In the present study, the effect of laser 
treatment on patients who received two repetitions at 
28-day intervals was compared with the patients 28 days 
after one-time laser radiation. As it is depicted in Figure 1, 
repetition does not have a significant effect on the gene 
expression profiles of the studied patients. Based on 
Drnovšek‐Olup and colleagues’ report, the application of 
repetitive Er:YAG laser irradiation in human skin deeply 
affects the denaturation and remodeling of skin collagen. 
This finding indicates that repetitive radiation is more 
effective and is associated with less epidermal damage 
compared to standard Er:YAG laser skin resurfacing.13 
It can be concluded that two possible mechanisms have 
occurred in the present analysis. The first event refers to 
the similar patterns of effects of the single and repeated 
doses. The second mechanism is consisted with a 
moderate effect of the second laser radiation. 

Time dependency of the laser effect was studied in 
the irradiated samples after one day and seven days 
of radiation. Based on box plot analysis (Figure 2), the 
gene expression profiles of the irradiated samples are 
comparable. Differences between the gene expression 
profiles of samples seven days and one day after radiation 

Figure 3. Volcano Plot of “7-Day Samples” Versus “1-Day Samples” 
Analysis

Figure 4. Main Connected Component of the PPI Network Related to “7-
Day Sample” Versus “1-Day Sample” Analysis. The nodes are laid out 
based on degree value; blue to red and the increase in node size refer to 
the rise of degree value. The confidence score was considered to be 0.4

Figure 5. Organization of the Main Connected Component Elements 
of Cluster-2. ENO1 is the bridge between cluster-2 and cluster-1. The 
confidence score was considered to be 0.4.
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are depicted in the volcano plot (see Figure 3). Many 
significant up- and down-regulated genes appear in the 
volcano plot. This plot as a useful tool is applied to discover 
differences between the studied gene expression profiles.14 

Table 1. Nodes of Cluster-1

R Display name Degree BtwC Cc Stress FC

1 CCT5 24 0.12 0.43 2332

2 CCT3 21 0.07 0.42 1622

3 ENO1 18 0.49 0.47 7812

4 RAN 18 0.05 0.40 1086

5 PA2G4 17 0.02 0.35 338

6 NME1 16 0.04 0.40 812

7 PHB 16 0.08 0.41 1574

8 RUVBL2 15 0.01 0.35 316

9 TPI1 15 0.03 0.40 728

1 AHCY 14 0.03 0.39 648

2 NHP2 14 0.02 0.34 356

3 NME1-NME2 14 0.02 0.39 524

4 NOP56 13 0.01 0.33 160

5 NPM1 13 0.06 0.39 978

6 SNRPF 12 0.01 0.34 170

7 PKM 11 0.01 0.38 246

8 RPS14 11 0.01 0.33 126

9 SYNCRIP 11 0.00 0.34 126

10 EBNA1BP2 10 0.00 0.33 92

11 PAICS 10 0.00 0.37 122

12 PGK1 9 0.00 0.37 168

13 PRMT5 9 0.03 0.33 382

14 PSMD2 9 0.01 0.37 326

15 ALYREF 7 0.03 0.32 514

16 CFL1 7 0.03 0.36 404

17 PDIA6 7 0.09 0.33 1608

18 RANBP1 7 0.00 0.32 10

19 SNRPA 6 0.00 0.31 24

20 GLTSCR2 5 0.00 0.30 2

21 GSTP1 5 0.00 0.35 44

22 HSPA6 5 0.00 0.32 8

23 PYGL 4 0.00 0.33 0

24 UPP1 4 0.03 0.33 392

25 PDIA4 3 0.00 0.30 118

26 GLRX3 2 0.03 0.25 518

27 MANF 2 0.00 0.25 0

28 NPM3 2 0.00 0.29 2

29 POLD2 1 0.00 0.24 0

30 SH3PXD2A 1 0.00 0.27 0

31 TXNDC17 1 0.00 0.20 0

32 TYMP 1 0.00 0.25 0

33 UHRF1 1 0.00 0.25 0

Note: R, BtwC, and Cc refer to row, betweenness centrality, and closeness 
centrality respectively.

Table 2. Nodes of Cluster-2 

R Display Name Degree BtwC Cc Stress FC

1 S100A7 14 0.25 0.34 4110

2 KRT16 10 0.03 0.27 952

3 PI3 10 0.15 0.33 2498

4 KRT6A 9 0.05 0.27 760

5 SPRR2D 9 0.04 0.27 358

6 SPRR2A 8 0.00 0.27 64

7 SPRR2B 8 0.00 0.27 46

8 SPRR2G 8 0.01 0.27 466

9 SERPINB3 6 0.01 0.27 444

10 SERPINB4 6 0.00 0.27 24

11 LCE5A 5 0.00 0.26 0

12 S100A7A 5 0.00 0.26 12

13 DSG3 4 0.00 0.22 10

14 KRT6C 4 0.00 0.22 16

15 S100A2 4 0.00 0.26 10

16 S100A9 4 0.44 0.40 7008

17 S100A8 3 0.01 0.31 202

18 SLPI 3 0.00 0.26 12

19 DSC3 2 0.00 0.22 0

20 S100A11 2 0.00 0.26 0

21 KRT77 1 0.00 0.21 0

Note: R, BtwC, and Cc refer to row, betweenness centrality, and closeness 
centrality respectively.

Figure 6. Biological Terms Related to the Nodes of Cluster-1. The Kappa 
score was considered to be 0.4
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The assessment revealed that 89 DEGs discriminate the 
gene expression profiles of the two compared groups 
of samples. PPI network analysis led to the highlight of 
63 DEGs which were organized in the main connected 
component of the constructed interactome. Interactome 
networks are applied widely to evaluate diseases.15 As it 
is depicted in Figure 4, the main connected component 
includes two clusters: the major (cluster-1) and the 
minor (cluster-2). Cluster-2 includes S100, SPRR, and 
KRT families of genes plus the other 7 genes which are 
connected to cluster-1 via ENO1 (see Figure 5). The 
nodes of the two clusters are presented in Tables 1 and 2. 
As it is shown in Table 1, ENO1 is the potent bottleneck 
node (it is characterized by BtwC = 0.49) and the third-
ranked hub. 

CCT5 and CCT3 are two top nodes based on degree 
value in cluster-1 (see Table 1). These two hubs are 
related to the “positive regulation of telomerase RNA 
localization to Cajal body” class of biological terms (see 
Figure 6). Investigations indicate that the accumulation 
of human telomerase in Cajal bodies facilitates telomere 
elongation.16 Positive regulation of this process leads to 
more elongation of the telomere. The role of telomeres in 
diseases is discussed in many documents. Yeh et al pointed 
out the role of telomeres in heart disease. Based on this 
document, telomeres are considered therapeutic targets 
in heart disease.17 The important class of the biological 
term, which is related to the nine DEGs of cluster-1 is the 
“nucleoside metabolic process”. Nucleosides are known 
as intermediates of nucleotide metabolism. Nucleotide 
de novo synthesis leads to producing nucleoside 
monophosphates AMP and UMP. These products will 
be processed and included in all purine and pyrimidine 
nucleotides. The important cellular reactions such as the 
synthesis of nucleic acids depend on these products.18

Cornification is the main class of biological terms, 
which is related to the 13 genes of cluster-2. The stratum 
corneum of the epidermis makes the skin a physical 
and permeability barrier. Terminal differentiation of 
epidermal keratinocytes, which is known as cornification, 
leads to the provision of stratum corneum.19 It seems that 
cluster-2 is involved mostly in skin regeneration.

Conclusion
In conclusion, two significant results were pointed out in 
this investigation. First, our findings indicate that the full 
effects of laser application on human skin require several 
days. Second, two classes of genes, which are involved 
in DNA biosynthesis and skin regeneration, are affected 
by laser radiation. ENO1 as a critical gene function as a 
linker between the gene sets that are involved in DNA 
biosynthesis and the individuals that are related to skin 
regeneration. It can be suggested that a standard protocol 
is required for each mode of laser therapy.
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