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Abstract
Introduction: Radiotherapy as the first-line nasopharyngeal carcinoma (NPC) treatment provides 
different responses including radioresistant and radiosensitive states. In order to investigate the 
molecular basis of radioresistancy, protein-protein interaction network analysis of proteome data 
prior to therapy was performed.
Methods: 20 dysregulated proteins of the patients who were radioresistant were extracted from 
the literature. Cytoscape and its plug-ins were used for the resistant network construction and its 
centrality analysis. Furthermore, ClueGO+ CluePedia application determined the most statistically 
significant biological processes (BP) related to the hubs. 
Results: Fourteen hubs were concluded and no differentially expressed protein (DEP) was among 
these agents. Among the hubs, albumin (ALB) and fibronectin (FN1) were the hub-bottlenecks, and 
the Serpin family was present. What is more, SERPIND1 was the highest degree-valued DEP in the 
network. 
Conclusion: It can be concluded that the central elements of the NPC network could be noteworthy 
for improving the radiotherapy outcome and overcoming its limitations. However, complementary 
studies are required for a better understanding of their major role. 
Keywords: Nasopharyngeal carcinoma; Radiotherapy; Radioresistance; Biomarkers; Protein-protein 
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Introduction
Nasopharyngeal carcinoma (NPC), developing in 
the nasopharynx, is endemic in Southeast Asia and 
recognized as a head and neck malignancy.1 The World 
Health Organization (WHO) grouped NPC into 
keratinizing squamous cell carcinoma, non-keratinizing 
squamous carcinoma, and undifferentiated carcinoma 
subtypes.2 Risk factors associated with NPC are genetics, 
Epstein–Barr Virus(EBV), dietary factors, and smoking.3,4 
Additionally, this type of complex cancer is very malignant 
and heterogenic on a molecular basis.5 It can progress from 
lymphatic nodes to other organs even in the early stages 
of the disease.6 Therefore, early detection of this type of 
cancer is vital for increasing the survival rate by applying 
proper treatment approaches.7 Some of the options of early 
detection are MRI and endoscopy.8 In terms of treatment 

options, National Comprehensive Cancer Network 
suggests such common methods as combined radiotherapy 
and chemotherapy.9 The first line treatment protocol in 
this type of cancer is radiotherapy that induces apoptosis 
in cancer cells. There are different forms of radiation 
therapy such as 2D-radiotherapy, 3D-radiotherapy, and 
intensity-modulated radiotherapy.10 Patients, including 
radiosensitive and radioresistant individuals, respond 
differently to this type of treatment due to variations in 
a molecular basis.6 To establish this difference, molecular 
studies could be the answer. For instance, previous studies 
highlighted that metabolic processes have associations 
with radiotherapy resistance.11 Proteomics as one of the 
molecular approaches is very promising in detecting 
biomarkers in the subject of the study. Further analysis 
of differentially expressed proteins (DEPs) in a network 
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pattern can offer more potential biomarkers considering 
their crucial role on a network basis.12 Centrality analysis 
is mostly done by considering two common parameters 
of degree and betweenness values. Nodes with the 
highest values of these two parameters are considered 
network stability fundamentals.13 In this study, to evaluate 
radioresistance underlying the mechanisms of NPC, the 
network interaction analysis of DEPs in serum between 
radiosensitive and radioresistant patients was executed. 
It can provide the critical possible drug targets in the 
radiotherapy of the patients. 

Materials and Methods
Data of an investigation about NPC patients (male and 
female) without any previous types of treatments which 
were selected for radiotherapy6 was analyzed. These 
patients were diagnosed at either stage Ш or IV, and their 
protein samples were provided from serum prior to the 
designated treatment. The patients were exposed to 70.4 
Gy/2.2 Gy over 32 fractions [PGTVnx], 70.4 Gy/2.2Gy 
over 32 fractions [PGTVnd], 60.8 Gy/1.9 Gy over 32 
fractions [PTV1], and 54 Gy/1.8 Gy over 30 fractions 
[PTV2]), and based on their response to treatment, they 
were grouped into two categories: radiosensitive and 
radioresistant groups. Among the determined proteins via 
quantitative label-free proteomics, 20 of them were altered 
in expression between the groups of radiosensitive and 
radioresistant individuals. That is, among these proteins, 
8 of them were up-regulated and 12 of them were down-
regulated. More details of the methods are described in 
the original document.6 These proteins were subjected to 
a protein-protein interaction network analysis, and two 
networks via the Cytoscape platform (https://cytoscape.
org/) were obtained. The first one contains only the 20 DEPs 

while the second one has additional proteins surrounding 
these query proteins. String db (http://string-db.org/) is 
the application in Cytoscape, and the network query and 
mapping could be conducted through this source.14 The 
confidence score cutoff for both network constructions 
was set to 0.04 as the default option. Furthermore, 
centrality analysis based on degree and betweenness 
centrality was carried out by NetworkAnalyzer.15 A node 
showing the highest numbers of edges acts as a hub agent 
that is important for the network strength. The hub 
identification is calculated based on 20% of the highest 
values of the degree parameter.16 The hubs were annotated 
through a combined plug-in of ClueGO 2.5.8+CluePedia 
1.5.8 for biological processes (BP).17,18 This search tool 
identifies different groups of BP which are related to 
the query hubs. The value of P ≤ 0.01 was designated for 
identifying statistically significant groups of highlighted 
BP terms. The number of genes linked to each group was 
a minimum of 2 and the percentage of gene contribution 
in each group was set to 3. The kappa score cutoff for the 
grouping was also set to 0.5 which was higher than the 
default option. Moreover, the Bonferroni step-down test 
was the corrected P value method.

Results
The interaction network analysis of radioresistant 
proteins of NPC was retrieved via the String db plug-in, 
Cytoscape, as shown in Figures 1 and 2.

The first network is composed of only the main 
query proteins, which indicates that half of the NPC 
radioresistant proteins are not in direct connections. 
These proteins are ITIH1, ERAP1, PODXL, FAM173A, 
CTSF, IGFBP6, NRP1, MINPP1, PPIB, and S100A4.

To construct a network of differentially expressed NPC 

Figure 1. Network Visualization of Query Proteins. The number of nodes: 
20, the number of links: 13, and the confidence score cutoff ≥ 0.5

Figure2. A Network of NPC Radioresistance Proteins and Added Nodes. 
The number of nodes: 70, the number of links: 1470, and the confidence 
score cutoff ≥ 0.5

https://cytoscape.org/
https://cytoscape.org/
http://string-db.org/
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proteins with surrounding proteins, 50 nodes were added 
in Figure 2. 

The pattern of the second network shows three query 
proteins are isolated due to add 50 proteins into the 
network. These nodes are PPIB, CTSF, and FAM173A.

To detect the highest valued nodes of the PPI network, 
20% of the highest amounts of degree calculated by 
NetworkAnalyzer were determined as listed in Table 1.

ALB and FN1 are the highest valued nodes in this PPI 
network with degrees of 60 and 59, and betweenness 
centrality values of 0.05 and 0.02 respectively. In fact, 
ALB has the highest degree in this analysis and is the hub-
bottleneck. The rest of the nodes indicate low amounts 
of BC, which are 0.01. ALB and FN1 are called the hub-
bottlenecks of the interaction network.

None of the nodes listed in Table 1 are from query 
proteins known as differentially expressed ones. The 

highest valued query proteins are F13A1 and PPBP with 
the highest degree of 52 and betweenness centrality 
of 0.01. The rest of the query proteins have the lowest 
amount of these parameters. 

To analyze the gene ontology of hubs with regard to BP, 
identification was handled by ClueGO + CluePedia in 
Figure 3.

Discussion
Radioresistance response is a dilemma in cancer 
treatments for patients of NPC. Understanding 
molecular mechanisms by which some NPC patients are 
radioresistant could be achieved through bioinformatics 
analysis of proteome data. Proteins that are differentially 
expressed in proteomics studies are searched for 
interaction network analysis. Thus, the key proteins can be 
obtained by centrality determination considering degree 
and betweenness parameters. Based on centrality analysis, 
none of the DEPS of NPC patients was among the hubs of 
the network. ALB and FN1 are the hub-bottlenecks of the 
PPI network as they have the highest amounts of degree 
and betweenness centrality. These two nodes may indicate 
the most promising agents of network stability in the NPC 
network. However, further investigation is required to link 
the relations. A literature survey of the hub-bottlenecks 
can provide better recognition of these elements in NPC 
risks and treatments. It has been reported that albumin 
(ALB) has prognostic values in NPC patients without any 
treatments 19. The next protein is FN1 (fibronectin) that 
has been suggested as a radioresistant marker of head and 
neck squamous cell carcinoma.20 Likewise, it may also 
function as a radioresistant factor in NPC. 

On the other hand, the Serpins family (serpin peptidase 
inhibitor) including SERPINA1, SERPING1, and 
SERPINF2 are dispersed as the hubs in this network. 
In fact, Serpins, in general, are connected to cancer 
survival.21,22 Previous studies specify that how introduced 

Figure3. Pie Chart View of Biological Processes in Hubs of NPC Network. The two-star sign shows P ≤ 0.01. Plasminogen activation, peptidase regulator 
activity, blood coagulation, fibrin clot formation, negative regulation of fibrinolysis, negative regulation of blood coagulation, and cysteine-type endopeptidase 
inhibitor are the processes that contribute to the hubs. The first one is the most highlighted one since it has the highest number of terms.

Table 1. The list of Nodes of the PPI Network With Degree (K) and 
Betweenness Centrality (BC) Ranked Based on Degree Values 

Row Display Name K BC

1 ALB 60 0.05

2 FN1 59 0.02

3 SERPINA1 58 0.01

4 KNG1 58 0.01

5 SERPING1 57 0.01

6 HRG 57 0.01

7 VWF 57 0.01

8 AHSG 57 0.01

9 FGA 57 0.01

10 PLG 57 0.01

11 SERPINF2 56 0.01

12 TIMP1 56 0.01

13 F5 56 0.01

14 FGG 56 0.01
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serpins act in different cancer types. SERPINA1 as serpin 
family A member 1 is novel in different types of cancer 
progression, including breast cancer, colon cancer, and 
gastric cancer.23-25 The next one is SERPING1 (Serpin 
Family G Member 1) whose low expression contributes to 
the prostate cancer risk.26 The last serpin family member is 
SERPINF2 (serpin family F member 2) which could show 
some association with hepatocellular carcinoma.27 None 
of the hub serpins was directly reported for NPC based 
on the literature search. SERPIND1 is the query protein 
whose centrality values based on designated parameters 
of degree and betweenness centrality in the network 
are 29 and 0.000369. This protein has also shown some 
relation to ovarian cancer.28,29 Investigations indicates 
that Serpinb3a−/− mice that is equal to SERPINB3 
and SERPINB4 in humans has shown resistance in 
radiotherapy.30,31 In addition, suppression of TP53 is also 
processed by the activation of TRIM21-SERPINB5 that 
consequently results in NPC radioresistance.32 Finally, 
SERPIND1 (serpin family D member 1) was also found 
as an up-regulated protein in the serum of radioresistant 
patients of NPC.6 This expresses that serpins may also have 
a potential role in the radioresistant manner of NPC cases.

In the next step, the gene ontology evaluation of this 
network shows that central nodes are participants of six 
BP. All of the groups are statistically significant, and the 
leading group is plasminogen activation. Consequently, 
dysregulation of these BPs could be conducted in the 
NPC-resistant risk. 

The results show that the topology of the concluded 
network is in a way that fewer query proteins are involved 
in the central part of the network. This finding implies 
the contribution of additional proteins rather than DEPs 
in the resistance type of NPC network. That is, these hubs 
may also have essential roles in NPC pathogenicity, if 
not more valuable. FN1 as the hub-bottleneck especially 
indicates previous associations in radioresistant types of 
head and neck squamous cell carcinoma. 

Conclusion
In summary, the hub agents of the network such as 
ALB, FN1, and Serpin members may be prominent in 
the differentiation of radioresistant NPC patients and 
radiosensitive ones. However, more analysis is essential to 
claim this finding for improving the therapeutic outcome 
of radiotherapy. 
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