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Abstract
Introduction: The human melanoma is a type of invasive tumor the treatment of which is 
challenging. To better understand the proton irradiation mechanisms as one of the widely applied 
therapy for this type of cancer, bioinformatics analysis of proteomics outcome could be beneficial.
Methods: Protein-protein interaction network analysis of the differentially expressed proteins 
(DEPs) of melanoma BLM (BRO lung metastasis) cells in the treatment of 3 Gy dosage proton 
therapy was performed in this study via Cytoscape V.3.7.2. and its integrated plug-ins. 
Results: Eighteen DEPs were searched for network constructions and limited numbers of query 
+neighbor proteins were found central. The hub-bottlenecks (i.e. central nodes) were GAPDH, 
ACTB, ALB, AKT1, TP53, and EGFR. The fist mentioned proteins were from DEPs. The enrichment 
analysis of these elements identified nitric-oxide synthase regulator activity and the positive 
regulation of the norepinephrine uptake that may be the key to the mechanisms of proton therapy. 
Conclusion: In conclusion, the identified central nodes (EGFR, TP53, ALB, AKT1, GAPDH, and 
ACTB) and the related biological terms are the critical affected genes and biological terms in the 
irradiated melanoma cells. 
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Introduction
The uveal melanoma is a form of melanoma for the 
melanocytes in the eyes.1 This fatal malignancy frequently 
migrates to liver and causes some problems.2 It is known as 
the fast spreading tumor in which the chance of apoptosis 
is very low. One of the first treatment options for this 
type of metastatic tumor is radiotherapy.3 Furthermore, 
a form of improved radiotherapy, i.e. irradiation by a 
proton beam, is a potential tumor treatment method in 
terms of appropriate targeting and dosage spreading.4 
The clinical outcome of this approach implies that the 
survival rate of this treatment is very acceptable and the 
mechanism by which this method works is recognized as 
the reduction of ocular toxic materials. In addition, it is 
estimated that only 7%-10% of these patients treated with 
proton irradiation require eye removal.5 What is more, it 
should be noted that treating Uveal melanoma is one of 
the sensitive procedures due to its location in eyes.6 The 
mechanism behind the effectiveness of this procedure is 

by ceasing the migration of melanoma cells.7 
Understanding the mechanisms by which radiotherapy 

impacts on the tumor efficiently could be better 
recognized by high throughput methods such as 
proteomics.4 Proteomics introduces biomarkers which 
are important in the underlying mechanism of treatment 
procedure. These proteins are differentially expressed in 
the subject receiving the treatment. Further information 
can be revealed by assessing these differentially expressed 
proteins (DEPs) by bioinformatics, in a way that a set of 
DEPs can be introduced for network construction. In a 
protein-protein interaction network analysis, proteins 
are screened for interaction properties. Those with the 
highest values of interaction could be more promising 
with regard to biomarker properties.8-10 Two key criteria 
are usually proposed for network topological evaluation, 
namely degree and betweenness centrality. Proteins with 
the highest amount of these parameters are regarded as 
the central proteins (hub-bottlenecks) of a constructed 
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network. These elements are vital for network strength 
and function. Alterations in their expression could 
cause differentiation in the system of interactions.11 
Consequently, in this study, proteins with differential 
expression in the treatment with proton are investigated 
more in terms of interaction properties to introduce the 
potential ones. 

Methods
In this study, the proteomic evaluation of the BLM cell line 
as a metastatic melanoma cell line (derived from the lung 
embedded in a nude mouse) treated with a proton beam (3 
Gy dosage) and 60 keV and then cultured for 28–35 days 
was conducted. 13 up-regulated and 4 down-regulated 
proteins were detected with the fold change above the 
threshold of 1.5.4 More precisely, 18 proteins were found at 
first; however, one of them, namely LMNB2, had the fold 
change lower than 1.5. We investigated all the 18 proteins 
as a network of protein interaction systems. Cytoscape 
3.7.2 (https://cytoscape.org/) constructed and analyzed 
a network of these candidates as two networks.12 The 
first network consisted of only the 18 proteins, while the 
second network also included the surrounding proteins. 
In addition, STRING database v. 1.5.0 (http://string-db.
org) was the source for network construction. This source 
provided different parts including queries for the disease 
name, the compound, the protein name, and PubMed. A 
kappa score (edge weight for physical interactions; from 0 
to 1) of 0.4 as a default cut-off was considered.13 Centrality 
analysis was based on two common parameters, namely 
degree (K) and betweenness centrality (BC). Proteins 
with high degree values are considered as hubs. Similarly, 
proteins with high values of BC are known as bottlenecks. 
The proteins with high values of both K and BC are called 
hub-bottlenecks. Hub-bottlenecks are the central proteins 
of an interacting network. The Network Analyzer focuses 
on the centrality features of an interacting network.14 
To better understand the hub-bottlenecks, functional 
analysis in terms of biological process detection is carried 
out by ClueGO v.2.5.5.15 This application analyzes gene 
ontology (biological process, molecular functions, and 
cell component) and pathway enrichment. The statistical 
criteria for this analysis are as follows: the number of genes 
per term: 1 and the percentage of genes per term: 2. Other 
considered criteria are: 1. the usage of term fusions and 2. 
showing only the statistically significant terms. Moreover, 
P value was corrected with Bonferroni step down.

Results
Eighteen DEPs were introduced in the Cytoscape and 
an interaction pattern of them was achieved without any 
node addition via the STRING database (see Figure 1).

The next step is to add neighbor proteins to understand 
the full interaction properties of proteins in a whole 
interacting system. Fifty proteins were added to the DEPs 
and a network with 2 central properties is visualized 

in Figure 2. 
In this analysis from white to orange, the betweenness 

values change from lowest to highest. Likewise, the bigger 
the node sizes, the higher the degree amounts in Figure 2. 

The values of centrality parameters are listed in Table 1 
for more clarifications. Proteins are ranked based on the 
degree value. In this procedure, 10% of the nodes with 
the highest degree values and betweenness centrality were 
designated individually and the common nodes were 
assigned as the hub-bottlenecks of the network.

Six hub-bottlenecks were obtained from this analysis 
and the highest value of degree is 55.

The enrichment analysis of hub-bottlenecks produced 
more information related to these elements. Six proteins 
were assessed by ClueGO for the identification of 
biological processes (see Figure 3). 

In Figure 3, nitric-oxide synthase regulator activity and 
the positive regulation of norepinephrine uptake are the 
leading groups associated with the hub-bottlenecks. The 
group P values were corrected with Bonferroni step down 

Figure 1. A Pattern of Interaction Among 18 Differentially Expressed 
Proteins (the confidence cut-off score: 0.4, the number of additional 
nodes: 0)

Figure 2. The Centrality Analysis of the Network of the DEPs Plus the 
Neighbors (18+50 nodes). Bigger node size refers high amount of 
degree value. Color changes (from white to yellow) denote to increase 
betweenness centrality. 
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for the first and second groups as 3.8E-08 and 6.6 E-4 
respectively. 

Discussion
Many investigations about therapeutic methods are 
affected by proteomics technology. Cancer diagnosis 
and treatment are the important fields which are of great 
concern to proteomics Proton treatment is an advanced 
approach for tumor managements. To decipher the 
underlying mechanisms of this method, it is essential 
to analyze the molecular basis of the treated samples. 
Proteomics is a promising study which investigates DEPs 
in a condition of treatment. Here, a set of proteins from a 
proteomics study were chosen for more analysis to get a 
better knowledge of their role in the mechanism of proton 
therapy. Protein-protein interaction network analysis as 
a bioinformatics approach provides the understanding of 
the interaction pattern of the DEPs.16-18 Those proteins 
with higher values of centrality in a network could be 
more promising as a contributor in the mechanism of 
proton irradiation action on melanoma cells. For this 
aim, as mentioned above, 18 proteins were chosen and 
a network of their interactions was constructed in two 

patterns. In the first network, no additional neighbor 
protein was added and this visualization demonstrated 
that the DEPs were in interactions as a component except 
two which remained as individual nodes. This result 
also refers to the importance of interaction concept 
that dysregulated proteins could influence their nearby 
proteins. In other words, neighbor proteins are affected 
by one dysregulated protein. The addition of 50 neighbor 
proteins and the analysis of their centrality indicated 
that there are some proteins with exceptional centrality 
properties. These proteins are called hub-bottlenecks, any 
dysregulation of which could result in a huge alteration in 
network topology.19 

All of the central proteins (EGFR, TP53, ALB, AKT1, 
GAPDH, and ACTB) contribute to the nitric-oxide 
synthase regulator activity. The later one (ACTB) also 
participates in the positive regulation of norepinephrine 
uptake term. 

Since among all the queried proteins, only GAPDH 
is a central protein, it is highlighted as a critical DEP in 
this study. GAPDH is the DEP exposed to the proton 
irradiation. GAPDH is a housekeeping protein; there are 
several documents about the alteration of its level in the 
body associated with different diseases.20-22 It has been 
reported that the deregulation of GAPDH happens in 
various types of cancers such as melanoma, lung cancer, 
prostatic cancer, colorectal cancer, renal cancer, pancreatic 
cancer, breast cancer, glioma, bladder cancer, gastric 
cancer, and liver cancer. In almost all cancers, GAPDH 
is up-regulated to provide a suitable growth condition for 
tumor cells.23 

Dong et al reported that there is an inverse correlation 
between the increment of nitric oxide synthase activity 
and the occurrence of Metastasis in K-1735 cells of 
murine melanoma.24 Another investigation revealed 
that IL8 is regulated by nitric oxide in melanoma cells.25 
An imbalanced relationship between nitric oxide and 
superoxide anion which is resulted from uncoupled 
nitric oxide synthase and affects human melanoma 
development is reported by Gonçalves et al.26 The positive 
regulation of norepinephrine uptake is another term that 
is attributed to the central nodes. There is evidence that 
stress hormones can promote the growth of B16-F10 
melanoma metastases.27 It seems that the central nodes 
and the related biological terms are involved in the nature 
of the melanoma cell line in comparison with the radiation 
effect. It can be useful to consider the supplement 
treatment protocol associated with the radiotherapy.

Conclusion
The findings indicate that EGFR, TP53, ALB, AKT1, 
GAPDH, and ACTB as central proteins are related to 
nitric-oxide synthase regulator activity and the positive 
regulation of norepinephrine uptake; these two biological 
terms have contra-effects on metastasis promotion. 
Therefore, it can be concluded that these terms are 

Table 1. The List of Hub-Bottlenecks of the Protein Interaction Network of 
Melanoma Cells Treated With Proton Radiation

Display Name Degree Betweenness Centrality

GAPDH* 55 0.06

ACTB 50 0.02

ALB 49 0.03

AKT1 46 0.02

TP53 46 0.05

EGFR 43 0.02

Note: The asterisk assigned node is from the query proteins.

Nitric-oxide synthase regulator activity 
85.71%**

Positive regulation of norepinephrine 
uptake 14.29%**

Genes percentage per group

Figure 3. A pie chart view of two clusters of biological processes which are 
related to the hub-bottlenecks. The asterisk sign indicates the statistically 
significant group. The criteria such as min number of genes per term, the 
percentage of genes per term, and the Kappa cut-off score were considered 
as 1, 2, and = 0.5 respectively.
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attributed to the radiation effect and nature of melanoma 
cancer. 
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