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Introduction

Nasopharyngeal carcinoma, the cancer of head and 
neck, has been known as one of the most common type of 
nasopharyngeal cancers with poor prognosis (Janvilisri, 
2015; Safavi-Naini et al., 2015). While the incident of NPC 
is not very high in the world, it has been reported with an 
increasing rate in some regions (Safavi et al., 2015). NPC 
while not occur frequently among population around the 
world, it has a significant distribution in distinct areas (Luo 
et al., 2017). Similarly, In Iran, the trend is increasing, 
particularly for men (Safavi-Naini et al., 2015). 

Nasopharyngeal carcinoma is a very complex 
malignancy, there are many contributing phenomenon 
to its etiology (Tao and Chan, 2007). That is, genetic, 
infection such as Epstein-Barr virus (EBV), and 
environment factors, such as the consumption of 
salt-preserved fish are correlated to the risk of NPC (Chen 
et al., 2015). EBV has strong linkage to NPC. In Iran, 
EBV type 1, is dominant in NPC patients (Shahani et al., 
2017). The clinical manifestation of NPC can be lump in 
the neck region, blood-stained post nasal drip, tinnitus, 
hearing impairment, and headache that usually appear in 
late stages. Absence of diagnostic features of NPC in early 
stages can hamper the treatment goals (Yue et al., 2017). 
The only practical treatment for NPC is radiotherapy with 
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or without chemotherapy (Ameri et al., 2017); however, 
20% of these patients has been reported radioresistant 
(Chen et al., 2015). Therefore, a need for optimizing and 
reaching a better treatment options is sensed. Meanwhile, 
molecular approaches can be favorable in this regard due 
to better understanding of mechanisms of any type of 
cancers (Karbalaei et al., 2017). 

Recently, molecular pathogenesis of NPC has also 
been in a great attention (Chou et al., 2008; Ooft et al., 
2017). As mentioned earlier, genetic components play 
indispensable role in different types of malignancies. 
Many genes may correspond to cancer trigger and 
development (Lo and Huang, 2002). Moreover, as it 
is known that proteins are the final functional part of 
normal and abnormal phenotype of a cell; studying at this 
scale, may provide more tangible molecular information 
(Rezaei-Tavirani et al., 2017). In this view, a systematic 
study at the protein levels by the mean of proteomics can 
offer more information (Rezaie-Tavirani et al., 2017). 

In addition to proteomics, one of the widespread used 
new disciplines in molecular studies is protein-protein 
interaction network analysis. This evaluation underlies 
the importance of some the specific proteins that are more 
prominent than the others considering their centrality 
properties. Any changes in these protein may promote 
abnormal connection between proteins and consequently 
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resulting in a disease state (Safaei et al., 2017). In this 
study, proteins from proteomic investigations that are 
extensively applied for biomarker identification of NPC 
(Li et al., 2008; Chen et al., 2015) were considered for 
network evaluation. The introduced proteomic studies 
provided some important proteins related to NPC that may 
serve as useful biomarkers in diagnostic and therapeutic 
feature of disease (Chen et al., 2015). These proteins were 
applied for our network study and analyzed via relevant 
methods. 

Materials and Methods 

As known, one of the proper sources for protein-
protein interaction network analysis is proteome 
investigations (Squires et al., 2017). In this study, protein 
biomarkers identified by proteomic approaches are used 
for protein-protein interaction network construction and 
analysis. There are many conducted proteomic evaluation 
on NPC. A paper published by Ze-Tan Chen et al., (2015) 
reviewed proteomic investigations on NPC. This study 
was conducted in 2015 and several proteins related to cell 
proteomics, mice proteomics, and human body fluids and 
tissues of NPC were gathered. In the present study the 
proteins related to human body fluid and tissue from this 
review article were extracted and combined with the same 
data from proteomic sources related to NPC from 2015 to 
2017. By listing the total extracted proteins, it is possible to 
organize patterns of proteins expression changes in NPC. 

Network construction of these proteins was handled 
via Cytoscape v, 3.5.1. (Shannon et al., 2003). The source 
for network query was STRING DB V 10.5 (http://string-
db.org/), Plug-in. Four different sources are applicable 
through String db including protein query, PubMed query, 
STITCH, and disease query (Szklarczyk et al., 2017). Here, 
the protein query was the chosen source for interaction 

analysis. Two networks of differentially expressed proteins 
with and without neighbor proteins were constructed. The 
number of additional nodes (as neighbor proteins) was 
set to 100 and the combined interaction score for both 
networks was set to 0.5. Furthermore, the network central 
analysis is conducted by Network Analyzer. This analyzer 
is a well-integrated plug-in in Cytoscape (Assenov et al., 
2007). The centrality analysis was done by considering cut 
offs for degree (K), betweenness centrality (BC) based on 
10% of the highest values. The proteins with the highest 
values of degree and betweenness are known as hub and 
bottlenecks, respectively. Those nodes possessing both 
feature are categorized as hub-bottlenecks, which are very 
imperative for a PPI network function (Wu et al., 2009). 

The enrichment analysis of the central proteins of the 
network and differentially expressed ones was followed 
by ClueGO+ CluePedia Cytoscape Plug-in (Bindea et 
al., 2009; Bindea et al., 2013). The criteria for biological 
process analysis for differentially expressed proteins and 
also central proteins of the network are as follow: 

Kappa Score: 0.4, Min level of ontology: 3 Max level 
of ontology: 8, Number of min gene per term: 2 and 3, 
Percentage of min gene per term: 3 and 4, The correction 
method: Bonferroni step down, Enrichment/depletion 
test for the terms: 2-sided enrichment/depletion based on 
hypergeometric method.

The kappa score expresses how much the terms are 
grouped together as clusters. Here, it is assigned 0.4 as 
the default option of CluePedia Panel. 

Results

Proteins presented by proteomic studies are gathered 
from one review article which is discussed about 
proteomic of NPC by Ze-Tan Chen et al., (2015) published 
in 2015 and recent proteomic investigations from 2015 to 

Figure 1. Network Analysis of NPC Proteins, Confidence Score: 0.5. The color changes from dark blue to yellow and 
the changes of node size reflect degree centrality value reduction.  A number of 47 proteins in NPC are shown without 
addition of neighbor proteins with the number of edges of 82. Six proteins are isolated including GSTO1, KRT31, 
ATP1A1, KLKB1, CTSD, and ANXA3. These proteins are not in the interaction when designating confidence score 
of 0.5
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Row Gene Name Protein Name Up-regulated Down-regulated 
1 CP Ceruloplasmin2(Doustjalali et al., 2015) √
2 HSP70 Heat shock 70 kDa protein 2 √ √
3 HSP60, HSPD1 60 kDa heat shock protein √
4 PHB Prohibitin4 √ √
5 KRT 19 Keratin-194 √ √
6 KRT5 Keratin-52(Xiao et al., 2017) √  
7 NME1 nm-23 protein2 √
8 VIM Vimentin3 √ √
9 HSPB1 Heat shock protein beta-15(Cai et al., 2015) √
10 STMN1 Stathmin √
11 KRT 8 Keratin-83 √ √
12 ANXA3  annexin-A3 √
13 ANXA1 annexin-A12 √ √
14 ENO1 α-enolase2 √ √
15 slCAM-1 Intercellular adhesion molecule 1 √
16 CTSG cathepsin G √
17 HNRNPK Heterogeneous nuclear ribonucleoprotein Q √
18 SOD1 Superoxide dismutase 14 √ √
19 LGALS1 Galectin-1 √
20 STMN1 Stathmin 1 √
21 KIT Mast/stem cell growth factor receptor Kit √
22 ATP1A1 Sodium/potassium-transporting ATPase subunit alpha-1 √
23 KRT31 Keratin-31 √
24 SYN1 Synapsin √
25 MAP2K4 SEK1 √
26 H2AFX histone H2AX √
27 KLKB1 KalliKrein √
28 POSTN Periostin √
29 KRT1 keratin-1 √
30 SOD2 Manganese superoxide dismutase (Mn-SOD) √
31 GSTO1 Glutathione S-transferase ω1 (GST ω1)
32 PPIA Cyclophilin A (CYPA) √
33 CA2 Carbonic Anhydrase 2(Luo et al., 2017) √
34 NPM1 Nucleophosmin (Cai et al., 2015) √
35 NCL Nucleolin (Cai et al., 2015) √
36 CALM1 Calmodulin-1(Meng et al., 2017) √
37 RKIP Raf kinase inhibitor protein2 √
38 KRT18 keratin-18 √
39 SFN 14-3-3σ2 √
40 ANXA2 annexin-A2 √
41 GDIA1 Rho GDP dissociation inhibitor (GDI) Β2 √
42 TPI1 triosephosphate isomerase √
43 NM23 NM-23-H1 proteins √
44 C-Jun  Transcription factor AP-1 √
45 HNRPC heterogeneous nuclear ribonucleoproteins C1/C2 √
46 CTSD Cathepsin D2 √
47 AHSG α2-HS glycoprotein(Doustjalali et al., 2015) √

Table 1. The List of Identified NPC Proteins via Proteomic Studies from Human Body Fluid and Tissue. The proteins 
which are added to the list of Chen et al., 2015 are refered to the correspoded references.  If there were several reports 
about individual protein, the number of documents are shown by superscript numbers
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2017. The list of resulted proteins and their expression 
pattern is tabulated in Table 1. 

Network construction of the NPC corresponding 
proteins can provide a new perspective of the malignancy 
features as indicated in Figures 1 and 2. In the first 
network (Figure 1), 47 proteins without neighbor proteins 
are organized in the form of free scale network while in 
the second network (Figure 2) 50 proteins are added as 
neighbors. In the first one, the aim is to investigate the 
manner, which our proteins interact with each other in an 
interacting system while in the second one; it is objective 
to show the behavior of the designated proteins in a whole 
interacting pattern with other adjacent agents. The lists of 
central proteins in the two constructed of NPC Networks 

are tabulated in the Tables 2 and 3. There are five and six 
crucial proteins related to the first and the second networks 
of NPC. The central nodes were selected based on degree 
and betweenness centrality parameters. 

The results of biological process analysis of NPC 
related central proteins (the tabulated proteins in the Table 
3) are shown in Pie chart as depicted in Figure 3. The terms 
were classified based on statistical parameters, which are 
described in the legend of Figure 3. As it is shown in the 
Figure 4, the significant biological processes are positive 
regulation of nitric oxide biosynthetic process, release of 
cytochrome c from mitochondria, response to antibiotic, 
positive regulation of reactive oxygen species metabolic 
process, and protein insertion to membrane. Two proteins 
including ALB and PRDM10 are not in the result based 
on the assigned criteria. 

Row Name Degree BC
1 JUN 12 0.33
2 CALM1 10 0.18
3 HSPB1 9 0.18
4 HSPD1 9 0.12
5 SOD1 9 0.15

Table 2. The List of Central Proteins in the First NPC 
Network. The proteins are ranked based on degree 
values, which are hubs. The cut offs are designated 
by above 10% of the highest values of degree and 
betweenness (BC). Considering 10% of highest values 
for degree and betweenness includes five nodes for each 
that are also common. The cut off based on calculation 
for degree and BC are 9 and 0.12. Here the common 
nodes above the designated threshold is considered as 
the hub-bottlenecks.

Row Name Degree BC
1 TP53 74 0.05
2 PRDM10 67 0.03
3 AKT1 64 0.03
4 ALB 63 0.05
5 HSP90AA1 62 0.03
6 EGFR 58 0.02

Table3. The List of Hub-Bottlenecks Ranked Based on 
Highest Value of Degree. The cut off for degree was 
above 58 and for BC was 0.02 Common proteins are 
known as hub-bottleneck proteins. Considering 10% of 
highest values for degree and betweenness includes ten 
nodes for each that six of which are common. 

Figure 2. Network Analysis of NPC Proteins with Addition of Neighbor Proteins. Nodes number: 97 Edge number: 
1587. Confidence score: 0.5. The color changes from dark blue to yellow and the changes of node size indicate 
degree centrality value reduction. ANXA3 and KRT31 are remained isolated.   
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Discussion

As one of the main contributing factors in NPC onset 
and development is molecular part, the role of these agents 
particularly proteins and their communications worth more 
investigations. In this regard, by defining NPC linked 
biological processes, a wider interpretation of the neoplasm 
underlying mechanisms can be achievable (Khayyer et al., 
2017). Here it is tried to have a comprehensive analysis 
of interactome portrait of NPC related candidate proteins. 
At first the chosen candidate proteins were listed based on 

expression profile as presented in Table 1. As it is shown in 
the Table 1, there are eight proteins which their expression 
patterns are reported both up and down regulated by 
different documents. These proteins are from a paper that 
reviews NPC proteomic studies published in 2015 and 
the recent studies after this year. As it is depicted in this 
table, presence of 16 proteins among studied documents 
is repeated several times (2 to 5 times). These repeatable 
reports may entail on their significant linkage to NPC. It 
can also be interpreted that most of our studied proteins 
are over-expressed in NPC. In figure1, network analysis of 

Figure 3. Pie Chart Biological Process Analysis of NPC Related Proteins from Proteomic Studies. As it is clear, the 
pie chart specify which group is the most highlighted in NPC. These groups are significantly P< 0.05 associated 
with NPC. The light blue colored area is the most highlighted biological process for our studied proteins, which 
is regulation of intrinsic apoptotic signaling pathway. The other ranked bps are regulation of muscle contraction, 
interleukin-12-mediated signaling pathway, regulation of endoribonuclease activity, hydrogen peroxide biosynthetic 
process, response to cadmium ion, positive regulation of protein processing, establishment of skin barrier, sarcomere 
organization, fibrinolysis, epithelial cell apoptotic process, and keratinization. Number of genes per term: 3, percentage 
of genes per term: 4% Kappa score=0.4

Figure 4. Clusters of Biological Process Identification of Central Proteins in the Second Network. The significant 
processes are positive regulation of nitric oxide biosynthetic process, release of cytochrome c from mitochondria, 
response to antibiotic, positive regulation of reactive oxygen species metabolic process, and protein insertion to 
membrane. Two proteins including ALB and PRDM10 are not in the result based on the assigned criteria. Number of 
genes per term: 2, percentage of genes per term: 3% Kappa score=0.4
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the reported proteins in NPC, showed that some proteins 
demonstrate higher centrality values based on degree and 
betweenness centrality comparing to the other elements. 
These five proteins are tabulated in table 2. Among them, 
SOD1, is also referred by many studies that has linkage 
to NPC (see Table 1). So, here, the central values of this 
proteins supports additional possible prominent role of 
this protein in NPC. On the other hand, as it is shown in 
the figure 1, there are six isolated genes including GSTO1, 
KRT31, ATP1A1, KLKB1, CTSD, and ANXA3. After 
adding the neighbor nodes (see Figure 2) the numbers 
of isolated nodes decreases to two genes including 
KRT31 and ANXA3. It can be concluded that these two 
isolated proteins have not impact in construction of NPC 
network and their expression changes are happened under 
regulatory effect of the other genes. Likewise, the other 
four proteins that now are involved in the network, do 
not express high centralities values. Therefore, no six 
individual proteins may have fundamental properties 
in NPC network strength. The central proteins as our 
query proteins in network 1, which are shown in the 
Table 2, are not among the hub-bottlenecks in network 2. 
This implies on the fact that, there is a group of central 
proteins aside from the query proteins which conducting 
our NPC PPI network system. Among ten high ranked 
proteins regarding degree and betweenness centralities, six 
were common that were considered as hub-bottlenecks. 
Evaluating the recognized central proteins including TP53, 
AKT1, ALB, HSP90AA1, and EGFR through literature 
denotes some connections of these proteins to NPC via 
other molecular approaches (Li et al., 2013; Irungu et al., 
2015; Ooft et al., 2015; Sahu et al., 2016). In addition, 
EGFR differentially expression was reported by a cell 
proteomic study (Ruan et al., 2011). Further evaluation 
based on gene ontology, explored some biological process 
corresponding to our up and down regulated proteins. 
These processes are important about their role in the NPC 
onset and development (Mirvish, 1995). In other words, 
alteration and malfunction of them may related to the 
NPC mechanisms. The dominant process of the central 
proteins identified as regulation of intrinsic apoptotic 
signaling pathway as shown in Figure 3 as a part of a pie 
chart. It has been well-known that apoptosis has crucial 
associations with cancer events (Ghobrial et al., 2005). 
The most involved biological process for our differentially 
expressed proteins as revealed in Figure 4, is positive 
regulation of nitric oxide biosynthetic process that may 
play indispensable role in NPC as it is also reported for 
high participation in progression of other tumors of head 
and neck (Choudhari et al., 2013). 

In conclusion, examining networks of NPC reflects 
that, apparently, there are central proteins with relevant 
processes, which may be chief in this malignancy. 
However, this finding needs to be well-investigated 
and analyzed by validation tests before considering for 
prognosis and treatment approaches. 
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