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Introduction
Photodynamic therapy (PDT) is an attractive feature of 
light application in medicine. Experts highlight the role 
of light and various types of photosensitizers in PDT as a 
promising approach to treating a wide range of diseases. 
The interaction between light and a photosensitizer 
in the presence of molecular oxygen has made PDT 
a repeatable, non-toxic, and noninvasive method for 
treating tumors and promoting wound healing1 PDT 
displays the unresolved presentation in cancer therapy, 
but some unavoidable disadvantages should be solved. 
Limitations of PDT to treat solid tumors appear as poor 
tumor selectivity, limited light penetration depth, and 
dependency on oxygen presence. Discovering new, 
efficient photosensitizers, along with other efforts and 

protocols, has gone into overcoming these complications.2 
Photosensitizers are the molecules that, after receiving an 
explicit light wavelength, create reactive oxygen species 
via reaction with the molecular oxygen. The result of this 
reaction leads to cell death in targeted tissue.3 Verteporfin 
is a photosensitizer that has been administrated in PDT 
to inhibit deviant choroidal vascularization. This method 
is used as a safe and effective treatment for patients with 
choroidal neovascularization. A combination of this 
therapeutic tool with VEGF inhibition results in effective 
treatment in patients.4 It is reported that verteporfin has 
an anticancer property besides photosensitizer charisma. 
Jeong SB et al. published data about the anticancer activity 
of verteporfin versus non-small cell lung cancer via the 
downregulation of ANO1.5 Kang et al have investigated 
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Abstract
Introduction: Verteporfin as a photosensitizer in photodynamic therapy (PDT) is used to inhibit 
deviant choroidal vascularization. This agent also has an anticancer property. The effective 
treatment of various tumors such as melanoma by using verteporfin is confirmed. In the present 
study, the ability of verteporfin in growth inhibition of MKN45 is investigated via protein-protein 
interaction (PPI) analysis to explore its beneficial role in PDT. 
Methods: The gene expression profiles of the treated MKN45 cell with verteporfin are mined 
from the Gene Expression Omnibus (GEO) database and evaluated via PPI network analysis 
to find the central genes. The central genes are searched in the GeneCards database to find the 
more related genes to gastric cancer. The expression amounts of the top central genes related to 
stomach adenocarcinoma are extracted from the University of Alabama at Birmingham Cancer 
data analysis Portal (UALCAN). 
Results: Among 2356 significant differentially expressed genes (DEGs), 58 hub-bottlenecks were 
determined via PPI network analysis. ERBB2, EGFR, CREBBP, CTSD, PSEN1, HRAS, PIK3R1, 
NRAS, NFKBIA, FOS, CTSB, CALR, NFE2L2, RHOA, CDKN1A, ITGB1, APP, CD44, HSPA5, 
and HMGCR were pointed out as the crucial genes. The expression amounts of ERBB2, EGFR, 
CREBBP, CTSD, and PSEN1 genes which were highlighted as critical genes via the directed PPI 
network were explored for stomach adenocarcinoma. 
Conclusion: In conclusion, the anticancer property of verteporfin was highlighted. This finding 
can improve the efficacy of related PDT.
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the effect of verteporfin on gastric cancer cell growth. 
Based on this document, verteporfin inhibited the studied 
cell growth via overwhelming adhesion molecule FAT1.6 
Investigations indicate that hyaluronic acid nanoparticle/
verteporfin is used as an operative nanomedicine for the 
treatment of uveal melanoma in a mouse model.7

Gastric cancer is known as an important malignancy 
with high load lethality and disease in the world. Targeted 
therapy, chemotherapy, and immunotherapy have been 
developed to treat gastric cancer.8,9.Gene expression 
analysis as an attractive method is used to evaluate the 
treatment efficacy of many drugs and methods. However, 
the results of such experiments have been interpreted via 
bioinformatics. Protein-protein interaction (PPI) network 
analysis is a well-known method for analyzing genomics 
findings. Genes are included in an interactome to form 
a PPI network via edges. The central nodes of the PPI 
network, such as the hub genes, play a critical role in 
the related functions of the network.10-12 Nejad MR et 
al. have studied laser intensity effects on PDT efficacy 
via PPI network analysis. The effect of photosensitizer 
concentration on the efficacy of PDT has been studied by 
Vafaee et al.13,14 In the present study, the gene expression 
profiles of gastric cancer MKN45 cell in the presence 
of verteporfin is extracted from the GEO database 
and analyzed via the PPI network to highlight the 
photosensitizer property of this agent versus its anticancer 
character to inhibit the growth of gastric cancer cells. 
The combination of both anticancer and photosensitizer 
properties of verteporfin can be considered as a potential 
therapeutic method for decreasing the site effect and 
increasing the efficacy of treatment.

Methods
Data Collection and Pre-evaluation Analysis
Data were mined from the GEO database. Verteporfin 
(trade name Visudyne) is a photosensitizer medication 
that is used in PDT. The light wavelength of 689 nm 
stimulates this agent. This substance is applied to treat 
abnormal blood vessels as a photosensitizer via PDT15. 
Data of this gene set are related to the anticancer property 
of verteporfin on MKN45 cells. Data are associated with 
the publication of Kang et al.6 To examine the efficacy 
of verteporfin versus gastric cancer, the MKN45 gastric 
cancer cells were treated and their gene expression 
changes were compared with the cells in the presence 
of DMSO as control individuals. The gene expression 
profiles were studied via microarray. Data were analyzed 
via the GEO2R program to determine the significant 
differentially expressed genes (DEGs). A Uniform 
Manifold Approximation and Projection (UMAP) plot 
was applied to visualize the separation of the treated cells 
from controls. The uncharacterized DEGs were ignored 
from more assessments. The significant DEGs were 
identified based on an adjusted P value < 0.05.

PPI Network Analysis
The significant DEGs were included in the “Protein query” 
of the STRING database via Cytoscape software to form an 
undirected PPI network. The PPI network was analyzed via 
the “Network Analyzer” application of Cytoscape software 
to find the hub genes. The hubs were determined based on 
a degree value cutoff of (mean + 2 (standard deviation)). 
The top 5% of genes were introduced as bottlenecks. The 
common hubs and bottlenecks were determined as hub-
bottlenecks. The hub-bottleneck genes were assessed via a 
directed PPI network to screen the genes. The genes were 
included in the CluePedia plugin of Cytoscape software. 
The nodes were connected via activation, inhibition, 
expression, reaction, catalysis, and post-translation 
modification actions. 

Gene Cards Assessment
The phrase “gastric cancer” was searched in the GeneCards 
database to find the related genes. The extracted genes 
were classified into seven callas of genes based on GIFtS 
value with an interval of 10. The top-ranked group of 
genes was selected based on high scores as gastric cancer-
related genes. The hub-bottleneck DEGs from PPI 
network analysis were searched in this top group of the 
genes of GeneCards to find the common individuals. 

The Cancer Genome Atlas (TCGA) Analysis
Expression of the 5 top gastric cancer-related hub-
bottlenecks was mined from The University of ALabama 
at Birmingham CANcer data analysis Portal (UALCAN) 
(https://ualcan.path.uab.edu/analysis.html) linked with 
The Cancer Genome Atlas (TCGA) database. 

Results
The UMAP plot analysis demonstrated the complete 
separation of the gene expression profiles of the treated 
AGS cells from the controls. As depicted in Figure 1, each 

Figure 1. UMAP Plot of the Treated AGS Cells Via Photodynamic Therapy 
Versus the Individuals in the Presence of DMSO as Controls. Gene 
expression profiles of each sample is compared with three neighbors

https://www.ncbi.nlm.nih.gov/geo/geo2r/?acc=GSE77982‎
https://ualcan.path.uab.edu/analysis.html
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profile is compared with 3 neighbors. The results indicated 
that the treated cells were separated from controlled 
individuals. The assessment showed that 2356 genes 
were dysregulated significantly. After cleaning the data 
(deleting the uncharacterized DEGs), 2120 individuals 
were selected for more investigation. Among the 2120 
significant DEGs, 1778 individuals were recognized by the 
STRING database. The PPI network including 1778 nodes 
and 12 802 edges was constructed. Eighty-five hubs, 85 
bottlenecks, and 58 hub-bottlenecks were identified as the 
main connected component of the network. The 58 hub-
bottleneck genes were included in a directed PPI network. 
Among the 58 queried hub-bottlenecks, 43 individuals 
participated in the main connected component of the 
constructed directed PPI network (see Figure 2). 

A total number of 7014 gastric cancer-related genes 
were mined from the GeneCards database. The genes were 
classified into seven groups (see Figure 3). As depicted in 
Figure 3, the top group includes 644 more related genes. 
There are 20 common genes between the hub-bottlenecks 
and the genes of top group from GeneCards (see Table 1). 
These 20 genes were highlighted as the more related ones 
to gastric cancer hub-bottlenecks. These 20 genes were 
searched among the directed PPI network (see Figure 2). 
The results including two isolated genes and a connected 

component are presented in Figure 4. Gene expression 
amounts for ERBB2, EGFR, CREBBP, CTSD, and PSEN1 
from TCGA in stomach adenocarcinoma relative to 
controls are demonstrated in Figure 5.

Discussion
The significant role of verteporfin as a photosensitizer 
is recorded in the literature.16 Twenty critical genes are 
highlighted as the targets of verteporfin in MKN45 cells. 
The involvement of the top five genes in cancer and the 
effect of verteporfin on their expression are discussed in the 
following part. Erb-b2 receptor tyrosine kinase 2 (ERBB2) 
(previously referred to as HER2) is a member of a family 
of epidermal growth factor receptors which also includes 
EGFRs of ERBB1, ERBB3, and ERBB4.17 Investigations 
indicate that the activation of the ERBB2 receptor signaling 
pathways is accompanied by an enhancement of various 
metastasis-associated properties. This effect is associated 
with an increase in cancer metastasis. Furthermore, the 
upregulation of ERBB2 leads to therapeutic resistance 
in patients.18 ERBB2 appears as a downregulated 
critical gene in our analysis. As depicted in Figure 5, 

Figure 2. The Main Connected Component of the Directed PPI Network 
of the Queried Hub-Bottlenecks. Green, red, yellow, purple, pink, and 
black refer to activation, inhibition, expression, catalysis, post translation 
modification, and reaction, respectively

Figure 3. The Gastric Cancer Related Genes From GeneCards Database. 
The presented grouped are classified based on the GIFtS interval = 10, From 
0 to 70. Data are arranged from left to right ascendingly

Figure 4. The 20 Common Hub-Bottleneck Genes With the Genes of the 
Top Group From GeneCards Database Searched in the Directed PPI in 
Figure 2. Green, red, yellow, purple, pink, and black refer to activation, 
inhibition, expression, catalysis, post translation modification, and 
reaction, respectively

Table 1. The Common Hub-Bottleneck Genes With the Genes of the Top 
Group From GeneCards Database

No. Gene
Rank in GeneCards 

Based on GIFtS
No. Gene

Rank in GeneCards 
Based on GIFtS

1 ERBB2 3 11 CTSB 160

2 EGFR 4 12 CALR 162

3 CREBBP 24 13 NFE2L2 170

4 CTSD 59 14 RHOA 205

5 PSEN1 80 15 CDKN1A 211

6 HRAS 83 16 ITGB1 225

7 PIK3R1 102 17 APP 305

8 NRAS 119 18 CD44 454

9 NFKBIA 143 19 HSPA5 471

10 FOS 152 20 HMGCR 574
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ERBB2 is upregulated in stomach adenocarcinoma. As 
administrated in Table 1, ERBB2 is the top relevant gene 
to gastric cancer. The downregulation of ERBB2 in the 
treated MKN45 cells in the presence of verteporfin refers 
to the anticancer property of this photosensitizer agent. 

The second downregulated critical gene is the EGFR. 
As demonstrated in Figure 5, EGFR is upregulated in 
stomach adenocarcinoma. Following ERBB2, EGFR is the 
most relevant gene to gastric cancer. Its GIFtS and rank in 
GeneCards are 68 and 4, respectively. The overexpression 
of EGFR in certain cancer types has been reported by 
researchers. The involvement of EGFR in the regulation 
of the biological features of cancer progression, such as 

metastasis, proliferation, and drug resistance, has been 
accentuated in the literature. Various medicines targeting 
EGFR inhibition appear as a suitable method for treating 
several types of cancer19. Positive co-expression between 
ERBB2 and EGFR is illustrated in Figure 4. Similar to 
the downregulation of ERBB2, the decrement of EGFR 
expression in the presence of verteporfin is clear evidence 
about its role in controlling the growth of the treated 
cancer cells. 

The third downregulated critical hub-bottleneck 
gene is the CREB binding protein (CREBBP). On the 
basis of the literature, the upregulation and activation 
of cAMP response element-binding protein (CREB) is 

Figure 5. Gene Expression Amounts for ERBB2, EGFR, CREBBP, CTSD, and PSEN1 From TCGA in Stomach Adenocarcinoma (STAD) Relative to Controls. The 
median od data are comparable
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accompanied by tumor growth.20 The association between 
tumor volume and CREBBP expression in patients with 
Grade-3 glioma has been reported by experts.21 LeBlanc 
et al’s investigation demonstrated that targeting CREBBP 
overwhelms chemotherapy resistance in patients with 
acute myeloid leukemia when they were treated with 
azacitidine and Venetoclax.22 TCGA assessment showed 
the upregulation of CREBBP in stomach adenocarcinoma 
(see Figure 5). The suppression of CREBBP in MKN45 
cells highlights the antitumor property of verteporfin. 

Cathepsin D (CTSD) is the fourth downregulated 
gene in the presence of verteporfin. There is a positive 
correlation between the excessive levels of CTSD outside 
lysosomes and the cell membrane and cancer development, 
invasion, migration, and angiogenesis. The association of 
human CTSD downregulation and neurodegenerative 
disorders has been reported in the literature.23 As 
depicted in Figure 5, CTSD is upregulated in stomach 
adenocarcinoma. The downregulation of CTSD in the 
presence of verteporfin refers to the anticancer property 
of the studied photosensitizer. Presenilin1 (PSEN1) is the 
fifth crucial hub-bottleneck that is regulated under the 
effect of verteporfin in MKN45 cancer cells. This gene 
is studied frequently in neurodegenerative diseases such 
as the early onset of Alzheimer’s disease, frontotemporal 
dementia, dementia with Lewy bodies, and Parkinson’s 
disease.24 As depicted in Table 1, the rank of PSEN1 in 
GeneCards is too far from the top three genes.

Conclusion
In conclusion, verteporfin inhibits MKN45 cancer cells 
by suppressing crucial genes such as ERBB2, EGFR, and 
CREBBP, the well-related genes to gastric cancer. Since 
verteporfin is a photosensitizer agent, this antitumor 
property of verteporfin makes it a powerful photosensitizer 
in PDT. This dual character of verteporfin has possible 
advantages such as the augmentation of efficacy in cancer 
therapy and the reduction of side effects. These findings 
open new windows about the application of verteporfin as 
a remarkable photosensitizer in the PDT of cancers.
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