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Abstract
Introduction: Photodynamic therapy (PDT) is a method based on the application of a photosensitive 
agent and the administration of light irradiation on the treated samples. PDT is applied as an 
effective tool with minimal side effects against tumor tissues. This study aimed to assess the targets 
of critical genes by PDT at the cellular level of cancer to provide a new perspective on its molecular 
mechanism. 
Methods: To assess the effect of PDT, we extracted the differentially expressed genes (DEGs) from the 
gene expression profiles of human umbilical vein endothelial cells (HUVECs) treated with PDT from 
Gene Expression Omnibus (GEO) databases. The queried DEGs were evaluated via a regulatory 
network and gene ontology enrichment to find the critical targets. 
Results: Among 76 queried significant DEGs, 27 individuals were interacted by activation, inhibition, 
and co-expression actions. Thirty DEGs were related to the five classes of biological terms. The IL-17 
signaling pathway and PTGS2, CXCL8, FOS, JUN, CXCL1, ZFP36, and FOSB were identified as the 
crucial targets of PDT. 
Conclusion: PDT as a stimulator of gene expression and an activator of gene activity overexpressed 
and hyper-activated many genes. It seems that PDT introduces a number of genes and pathways that 
can be regulated by anticancer drugs to fight against cancers.
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Introduction
Photodynamic therapy (PDT) is a method which is applied 
to fight against tumor tissues by using a tumor-localizing 
photosensitizing agent and then activating the agent via 
the exposure of a specific light wavelength. PDT effects 
including photochemical and photobiologic processes 
lead to irreversible photodamage to tumor tissues.1 
This method is approved as a therapeutic procedure 
with minimal side effects and an almost non-invasive 
technique in clinics. It can be applied against malignant 
cells via a selective cytotoxic activity.2 The importance of 
PDT in the prevention and treatment of skin cancer has 
been pointed out by researchers.3

Recently, immunogenic cell death (ICD) as a most 

promising way against tumor cells has attracted experts’ 
attention. PDT like other anticancer treatment modalities 
can trigger ICD. Findings indicate that induced ICD by 
PDT in combination with nanotechnology that provides 
a new generation of photosensitizers plays a critical role 
in the inhibition of tumor tissues in future. It seems 
that with the elimination of PDT methods such as 
hypoxic tumor microenvironment, the efficacy of PDT 
will increase significantly in future. Research to achieve 
oxygen-boosted PDT and nanoparticles will make gross 
advances in PDT as an efficient treatment of cancers.4,5 
High efficacy associated with minimal side effects and 
negligible invasiveness of PDT in comparison with the 
other methods of cancer treatment such as radiotherapy 
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and chemotherapy has satisfied scientists to apply PDT 
as a therapeutical method in the field of brain tumors. 
It appears PDT is a suitable method for treating central 
nervous system cancers such as glioblastoma multiforme.6

The alteration of the gene expression profiles of 
the treated sample via PDT has been investigated by 
researchers. Aniogo et al have assessed gene expression 
alteration in a multidrug resistant breast cancer sample 
after treatment via PDT.7 Investigations indicate that 
network analysis is a useful tool to evaluate the alteration 
of gene expression profiles. In such an assessment of a 
large number of differentially expressed genes (DEGs), 
the critical individuals will be introduced as the core 
of the affected genes. The regulatory network focuses 
on the effects of genes on the activity and expression of 
the neighbor genes. The studied genes can be screened 
via regulatory network to find the crucial individuals.8,9 
Mansouri et al. pointed out regulatory relationships 
between EGFR, CDH1, and JUN as a consequence of 
PDT. The regulation of cellular survival, differentiation, 
and proliferation was introduced as the outcome of PDT 
application.10 In the present study, gene expression profiles 
of human umbilical vein endothelial cells (HUVECs) 
which were treated via PDT were extracted from the Gene 
Expression Omnibus (GEO) database and assessed via 
system biology to find the core of molecular events.

Methods
GSE84758 (GPL10558) is recorded as “Transcriptomic, 
(phospho)proteomic, and metabolomic analysis of tumor-
comprising cells treated by photodynamic therapy” in 
the GEO database. GSM2249747, GSM2249769, and 
GSM2249777are related to the HUVEC cells that are 
incubated with LC50 concentration of photosensitizer 
zinc phthalocyanine and irradiated with a 671-nm diode 
laser (CNI, Changchun, China) at a laser power of 500 mW 
with a fluence of 15  J/cm2. These profiles are compared 
with the control gene expression profiles (GSM2249752, 
GSM2249770, and GSM2249776). The full description of 
the methods is presented in the report of Weijer et al.11

Analysis was done via GEO2R program to find the 
significant DEGs that discriminate the treated cells from 
controls. The Venn diagram and the UMAP plot were 
extracted to detect the number of significant DEGs and the 
pattern of profile separation by the DEGs. The significant 
DEGs were imported in the CluePedia application of 
Cytoscape software to find the regulatory relationships 
(including activation, inhibition, and coexpression) 
between the recognized DEGs. The pathways related 
to the significant DEGs were searched from the Kyoto 
Encyclopedia of Genes and Genomes (KEGG) database 
via the ClueGO application of Cytoscape software. 
Findings of regulatory relationships and pathway analysis 
were screened and the prominent individuals were 
assessed based on fold change (FC) and relationships 

between genes and pathways.

Results
Results of GEO2R analysis are shown in Figures 1-2. As it 
is depicted in Figure 1, among the 47 243 studied genes, 80 
individuals are significant DEGs. This finding indicates 
that the expression of about 0.2% of the dysregulated genes 
is altered significantly. The UMAP plot indicates that 
the studied samples are separated into two groups. Four 
DEGs were deleted due to incomplete characterizations. 
Among the 76 imported significant DEGs in CluePedia, 
65 individuals including 36 isolated genes, 2 paired DEGs, 
and a main connected component of 27 nodes were 
recognized. The main connected component is shown in 
Figure 3. As depicted in Figure 3, there is only a single 
inhibition relationship between DUSP1 and HSPA1A 
while most connections are activation type of links 
between the presented nodes. The co-expression bond 
appears as a dominant bridge between the elements of 
the network. Since pathway analysis can provide useful 
information about the characterization of the studied 

Figure 1. Venn Diagram; 80 significant DEGs among 47243 studied genes 
discriminate the studied groups

Figure 2. UMAP Plot; the two studied groups are separated by the 
introduced DEGs
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genes, the results of the enrichment of the 76 significant 
DEGs via the KEGG database are presented in Figure 4. 
The determined five classes of biochemical pathways and 
the involved DEGs are shown in this figure. The IL-17 
signaling pathway including five pathways appears as the 
main class of biological terms. The other four classes of 
the pathway (“Transcriptional misregulation in Cancer”, 
PI3K-AKT signaling pathway”, “MicroRNAs in cancers”, 
and “MAPK signaling pathway”) include a single term. 
To explore more details, we identified the common 
DEGs of two analyses (pathway analysis and regulatory 
examination), as shown in Table 1. The fold change and 
the related biochemical pathways of the common genes 
are also presented in Table 1. As it is depicted in Figure 5, 
RCAN1 which is a common gene is isolated from the 

other critical genes. Therefore, RCAN1 was ignored from 
the common genes and the remaining 15 DEGs were 
selected for more assessment. 

Discussion
Evaluation of PDT efficacy in the treatment of cancers has 
attracted experts’ attention.12 Network analysis is a suitable 
method for discovering the molecular mechanism of the 
applied therapeutic procedures.13 As it is shown in Figure 1, 
80 genes are significantly affected by PDT in the treated 
cells. The affected genes can discriminate the treated cells 
from the control cells (see Figure 2). The present study 
aimed to determine the critical affected genes. Thus, 
among the 8o significant DEGs, 27 individuals were 
highlighted as the genes which are linked to each other 

Figure 3. Regulatory Relationship Between the Main Connected Component of the Significant DEGs Network. Green, Red, and yellow refer to activation, 
inhibition, and coexpression relationships

Figure 4. Pathways and the Related Significant DEGs. The identified DEGs are labeled with red
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with regulatory links. Using regulatory relationships 
between genes has been reported in cancer studies by 
researchers to detect more details of the disease.14 As it is 
shown in Figure 3, co-expression and activation are the 
two prominent actions between the studied genes. This 
finding refers to the positive relationship between the 
functions of the affected genes in PDT.

The introduced DEGs were assessed via gene ontology 
enrichment. The application of gene ontology, especially 

pathway analysis, to the assessment of PDT effects on 
cellular function has been reported by researchers.15 As 
it is presented in Figure 4, 30 queried DEGs are related 
to the introduced biological terms. The IL-17 signaling 
pathway, including 5 biological terms, appears as the 
prominent class of the identified pathways. It has been 
reported that because of the early inflammatory response 
induced by PDT treatment, IL-17 expression increases.16 
A comparison between gene ontology findings and 
regulatory network analysis led to the introduction of 
16 common DEGs. The connection between the 16 
highlighted DEGs (see Figure 5) showed that, except for 
RCAN1, the other 15 genes were connected to each other. 
Since the IL-16 signaling pathway was introduced as the 
critical class of pathways, the genes which were connected 
to this pathway class were selected from among the 15 
common DEGs and were determined as critical genes. 
As shown in Table 1, FOSB, PTGS2, FOS, JUN, ZFP36, 
CXCL1, and CXCL8 can be considered the critical genes 
in response to PDT. The role of HSPA1A can be important 
because it activates CXCL1. As shown in Figure 3, PTGS2, 
CXCL8, FOS, JUN, CXCL1, ZFP36, and FOSB are 
connected to 4, 3, 3, 3, 2, 1, and 0 of the critical genes 
respectively. It seems that prostaglandin-endoperoxide 
synthase 2 (PTGS2) is a crucial gene that is affected by 
PDT. The role of PTGS2 in promoting the growth and 
metastasis of cancers such as colorectal cancer and lung 
cancer is reported by researchers.17,18 Investigations 
indicate that PDT causes alteration in the expression 
of PTGS2.19 The co-expression of PTGS2, CXCL8, and 
FOS in coronary heart disease has been investigated and 
reported by Yang et al.20 Considering the high value of 
fold change for the FOS gene and its activation by four 
neighbors, it can be concluded that the hyper-activation 
of FOS is a key point in the effect of PDT. CXCL8 is up-
regulated extremely, and similar to FOS, it is activated 
by three neighbors. The role of FOS in the induction of 
apoptosis has been a well-known fact since many years 
ago.21 The effect of PDT on the expression of JUN and 
FOS has been confirmed in the primary study about the 
molecular mechanism of PDT.22

Conclusion
In conclusion, PDT acts as a stimulator of gene expression 
and an activator of gene activity. Findings indicated that 
many genes are overexpressed and hyper-activated in 
treated cells by PDT. Analyses revealed that PDT induces 
more activity in PTGS2, CXCL8, FOS, JUN, CXCL1, 
ZFP36, and FOSB. The IL-17 signaling pathway appeared 
as the prominent chemical pathway in response to the 
application of PDT. The findings open new windows about 
the molecular mechanism of PDT. It can be suggested that, 
like PDT, the stimulation of the introduced critical gene 
by drugs be investigated to find a new possible protocol 
to fight against cancers which are not accessible to PDT.

Figure 5. A Network Including the Common DEGs of Pathway Analysis and 
Regulatory Examination

Table 1. The Common Elements of Regulatory Analysis and Pathway 
Enrichment

Gene LogFC Related Pathways

SPRY2 1.784 MicroRNAs in cancers

MCL1 0.873
MicroRNAs in cancers 
PI3K-Akt signaling pathway

FOSB 1.616 IL-17 signaling pathway

BDNF 1.416
MAPK signaling pathway 
PI3K-Akt signaling pathway

DUSP1 1.984 MAPK signaling pathway

MYCN 0.924 Transcriptional misregulation in cancer

SGK1 2.009 PI3K-Akt signaling pathway

HSPA1A 1.342 MAPK signaling pathway

PTGS2 1.424
MicroRNAs in cancers 
IL-17 signaling pathway

DUSP6 0.875
Transcriptional misregulation in cancer 
MAPK signaling pathway

FOS 2.211
IL-17 signaling pathway 
MAPK signaling pathway

JUN 1.411
IL-17 signaling pathway 
MAPK signaling pathway

ZFP36 1.349 IL-17 signaling pathway

CXCL1 1.580 IL-17 signaling pathway

CXCL8 3.230
IL-17 signaling pathway 
Transcriptional misregulation in cancer

RCAN1 1.450 IL-17 signaling pathway 
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