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Introduction

Nasopharyngeal carcinoma (NPC) is a distinct type of head 
and neck cancer which originates from nasopharyngeal 
epithelial cells, and is highly prevalent in Southeast Asia 
and Southern China (1,2). Typical characteristics of NPC 
include concealed primary site, poor differentiation, and 

a tendency for early local invasion and metastatic spread 
to the head and neck lymph nodes. Histopathological 
diagnosis of NPC requires an invasive procedure which 
makes it unsuitable for large-scale screening and routine 
examination; moreover, nasopharyngeal biopsy of small or 
deep lesions frequently yields false-negative results (3).
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The rapid advances in molecular biology technology have 
enabled wider use of proteomic approaches. Over the last 
decades, liquid chromatography coupled to tandem mass 
spectrometry (LC-MS/MS) has become the technology of 
choice for high-throughput characterization of proteins 
and proteomes (4). Sequential windowed acquisition of all 
theoretical fragment ion mass spectra (SWATH-MS) is 
an emerging strategy that typically involves digestion of 
non-labeled protein samples with trypsin and analysis of 
the resulting peptides by liquid chromatography coupled 
to a tandem mass spectrometer operating in the so-called 
data-independent acquisition (DIA) mode. Advances in 
SWATH-MS technology have facilitated its application in 
the fields of personalized medicine, biomarker research, 
drug screens, genetic association studies, and systems 
biology (5). Comparative proteomics has helped identify 
a large number of potential biomarkers associated with 
different cancers, such as lung cancer (6), renal cancer (7), 
and NPC (8). Analysis of proteomic changes can accurately 
reveal the changes in body proteins and help identify the 
protein markers of diagnostic and therapeutic relevance.

In the present study, we compared the differentially 
expressed proteins in the nasopharyngeal tissues of NPC 
patients and healthy controls using SWATH-MS and 
performed ingenuity pathway analysis (IPA) to extract 
target proteins and biological pathways. Our objective was 
to identify potential biomarkers which can be used for early 
diagnosis, prognostic assessment, and for designing new 
targeted therapy for NPC.

Methods

Cell culture and tissue samples

The CNE-1, CNE-2 and H1299 cell lines were obtained 
from the China Center of Type Culture Collection 
(CCTCC). Cells were cultured in stable isotope labeling 
of amino acids in cell culture (SILAC) medium (Thermo 
Fisher, USA) supplemented with 73 mg/L Lys8, 42 mg/L  
Arg10, and 10% dialyzed fetal bovine serum (FBS, Life 
Technologies, USA).

Nasopharyngeal tissue specimens of 30 patients with 
NPC and 30 aged-matched healthy controls were collected 
from the Department of Otolaryngology. All tumor tissue 
specimens were histologically confirmed and retrieved from 
the Department of Pathology at the First Affiliated Hospital 
of Jinan University (Guangzhou, China). The present 
study was approved by the hospital Ethics Committee. 

The enrolled patients provided informed consent to 
participate in this study. All patients had primary tumor and 
were newly-diagnosed and untreated. Further, laboratory 
tests (routine blood tests, biochemical, chest X-ray, 
electrocardiogram, and B-ultrasound) were performed to 
rule out interference of other concomitant diseases.

Fresh nasopharyngeal mucosal tissue specimens were 
rinsed twice with cold phosphate buffer saline (PBS) and 
placed in an Eppendorf tube. Tissue samples were snap 
frozen in liquid nitrogen directly after excision, and stored 
at −80 ℃.

Super-SILAC standard and protein sample preparation

CNE-1, CNE-2, and H1299 cells were cultured in SILAC 
medium. The medium was changed after every two days. 
Marking test was performed after 10 generations of 
cultivation. Cells were lysed with SDS buffer [4% SDS 
and 100 mM Tris/HCl (pH 7.6), 100 µL/1×106 cells] for 
10 min in boiling water at 95 . These were sonicated for 
60 s (amplitude 20%, interval 5 s), and cell pellets obtained 
after centrifugation at 16,500 ×g for 10 min. The protein 
concentration in the supernatant was measured using the 
BCA kit (Thermo Fisher, USA).

Processing of the tissues for protein estimation

The samples were from cold storage (−80 ℃) and allowed 
to thaw at room temperature. A surgical blade was used to 
separate the target cells from the surrounding tissue. PBS 
washes (2×) were performed to remove excess of blood. The 
sample was shredded with scalpel and placed into a mortar 
previously cooled with liquid nitrogen, and then ground 
into powder in the liquid nitrogen environment. The 
grounded tissue was subsequently subjected to lysis.

Sample lysis

Each 20 mg wet weight tissue was lysed with 200 µL of SDS 
buffer for 30 min on ice (vortex shake for 1 min, interval  
10 min) and centrifuged at 16,500 ×g for 10 min. The 
protein concentration in the supernatant was measured 
using the BCA kit.

Ultrafiltration tube enzymatic hydrolysis, isolation and 
purification with SAX stage tip

Peptide separation and purification were performed 
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according to the procedure described elsewhere (9) and 
the technology roadmap (Figure 1) will give a clearer 
explanation.

Mass spectrometry analysis

The sample was analyzed by LC-MS/MS for a duration of 
4 h (120 min + 90 min + 30 min), as the mode is shown in 
Table 1.

Each sample was eluted and corrected once. The protein 
database was selected from the UniProt Human and Epstein-
Barr virus databases (downloaded on November 6, 2014).

Results

LC-MS/MS

A total of 3,974 proteins were detected from the 30 NPC 
tissues, which conformed to the confidence conditions (at least 
1 peptide with 95% confidence score, unused score >1.3, and 
FDR <1%, verified by critical false discovery rates). A total of 
4,703 proteins were detected from 30 normal nasopharyngeal 
tissue samples. A total of 3,550 identical proteins (Tables 2,3) 
were observed of which 1,814 proteins were up-regulated and 
1,746 proteins were down-regulated in NPC tissues.

SWATH-MS

Thirty NPC and 30 normal nasopharyngeal protein samples 
were subjected to SWATH-MS (AB SCIEX, USA). The 
results were analyzed using the MaxQuant (AB SCIEX, 
USA) software. A total of 1,415 proteins were found to 
meet the confidence conditions. The content of confidence 
proteins in each sample is shown in Tables 4 and 5.

IPA pathway analysis

The comparative data tool and interactive Venn diagram 

Table 1 Analyzing mode

Mode Analyzer

ProteinID-Bul-120 min LC-MS/MS

SWATH-120 min SWATH-MS

ProteinID-Bul-90 min Elution

Autocal-2 uL-30 min Correction

LC-MS/MS, liquid chromatography coupled to tandem mass 
spectrometry; SWATH-MS, sequential windowed acquisition of 
all theoretical fragment ions mass spectrometry.

NPC protein samples

Bioinformatics Analysis

Proteolysis and swath 
analysis

NPC tissues

Proteolysis and mass 
spectrometry analysis

CNE-1, CNE-2, and H1299 cells

3 Super-SLACE standard cell lines

Super-SLACE standard protein

Verify accuracy

1:1 mix1:1 mix

SLACE labeled
lysislysis

lysis

NPC tissues
Nasopharyngitis 
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NPC protein samples Nasopharyngitis 
protein samples
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Bioinformatics Analysis

Proteolysis and mass 
spectrometry analysis
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3 Super-SLACE standard cell lines

CNE-1, CNE-2, and H1299 cells
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1:1 mix
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1:1 mix
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Figure 1 Processing of the tissues.
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Table 4 Content of confidence proteins detected by SWATH-MS in normal nasopharyngeal tissue samples (partial data)

Protein C1 C2 C3 C4 C5 …

Q09666 3,432,328 2,455,664 2,039,570 10,809.2 1,840,391

P35579 7,354,728 4,588,434 1.6E+07 49,017.7 3,181,416

Q15149 1,276,620 249,562 1,212,375 88,058.4 87,662.4

P21333 1,997,568 740,188 2,233,986 37,837.1 92,363.5

P13647 2.5E+07 3.6E+07 1.8E+07 976,931 3.3E+07

…

SWATH-MS, sequential windowed acquisition of all theoretical fragment ions mass spectrometry.

Table 5 Content of confidence proteins detected by SWATH-MS in NPC tissue samples (partial data)

Protein N1 N2 N3 N4 N5 …

Q09666 1,370,274 2,178,366 2,631,980 3,332,224 5,665,845

P35579 1,815,488 2,437,102 6,019,342 8,255,914 7,352,259

Q15149 222,778 225,434 292,301 3,092,402 1,086,874

P21333 102,282 595,178 753,666 1.1E+07 3,068,637

P13647 1.6E+07 2.3E+07 2.1E+07 8,076,338 1.1E+07

…

SWATH-MS, sequential windowed acquisition of all theoretical fragment ions mass spectrometry; NPC, nasopharyngeal carcinoma.

Table 3 Comparison of co-confidence protein content in NPC tissue and normal nasopharyngeal tissue (down-regulated most)

Normal tissue H:L NPC tissue H:L NPC/normal ↑ 1, ↓ −1

P31323 0.01 P31323 0.88800931 0.011261143 −1

O95197 0.01 O95197 0.968087196 0.010329648 −1

Q5T5Y3 0.968716025 Q5T5Y3 100 0.00968716 −1

Q9P015 0.954339981 Q9P015 100 0.0095434 −1

Q86YV0 0.094613113 Q86YV0 10.05469036 0.009409848 −1

…

NPC, nasopharyngeal carcinoma.

Table 2 Comparison of co-confidence protein content in NPC tissue and normal nasopharyngeal tissue (up-regulated most)

Normal tissue H:L NPC tissue H:L NPC/normal ↑ 1, ↓ −1

Q9UHJ6 78.66655731 Q9UHJ6 0.01010315 7,786.339638 1

Q9Y3D3 78.66655731 Q9Y3D3 0.109218903 720.2650379 1

Q13422 6.447723866 Q13422 0.01010315 638.1894622 1

Q15067 2.477478027 Q15067 0.01010315 245.2183752 1

P51159 78.66655731 P51159 0.324296415 242.576093 1

…

NPC, nasopharyngeal carcinoma.
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Figure 2 Comparison of the results of LC-MS/MS and SWATH-
MS. Blue color represents the proteins detected by SWATH-MS; 
the red and green represent proteins detected by LC-MS/MS in 
normal nasopharyngeal tissue and NPC, respectively. LC-MS/
MS, liquid chromatography coupled to tandem mass spectrometry; 
SWATH-MS, sequential windowed acquisition of all theoretical 
fragment ions mass spectrometry; NPC, nasopharyngeal carcinoma.

Molecular and Cellular Functions

Name p-value #Molecule

Cell Death and Survival 3.28E-40 - 6.80E-04 443

Cellular Growth and Proliferation 8.68E-40 - 7.19E-04 432

RNA Post-Transcriptional Modification 2.57E-30 - 4.79E-04 89

Cellular Movement 1.83E-22 - 6.63E-04 250

Protein Synthesis 2.98E-22 - 5.72E-04 178

Figure 3 443 proteins are involved in cell death and survival, 432 proteins are involved in cell growth and proliferation, 89 proteins are 
involved in RNA post-transcriptional modification, 250 proteins are involved in cell movement, and 178 are involved in protein synthesis.

analysis showed that 1,286 of the 1,415 proteins identified 
by SWATH-MS were in agreement with those identified 
by LC-MS/MS (Figure 2). This indicated the reliability of 
results obtained by SWATH-MS.

The protein data obtained by SWATH-MS was imported 
into the IPA software of Ingenuity® Systems for analysis (10). 
Most of these differential proteins were localized in the cells. 
Their main functions were post-transcriptional modification, 
cell growth and proliferation, protein synthesis, cell death, 
and regulation of gene expression (Figure 3); these have 
been implicated in infectious diseases, skin-related diseases, 

nervous system-related diseases, musculoskeletal diseases, 
and inflammatory diseases (Figure 4).

Top disease and bio function analysis

Different proteins form multiple biological function loops 
according to their functions and interactions (Figure 5). It is 
worth noting that EIF2AK2 and mitogen-activated protein 
kinase 1 (MAPK1) show their prominence in this analysis 
and participated in multiple biological networks. These 
function as promoters, mediators of death of immune cells, 
and are involved in replication of important DNA replicons, 
various viral infections, and replication of herpes virus 
(which is implicated in tumorigenesis). Therefore, further 
studies of EIF2AK2 and MAPK1 proteins may help identify 
specific biomarkers for NPC.

Discussion

Carcinogenesis involves a series of genetic alterations which 
cause progressive derangement of the normal mechanisms 
that control cell growth (11). Investigation of protein profiles 
and their interactions and functions at the cellular level has 
evoked increasing attention in recent years. In particular, 
their biological behavior and regulatory mechanisms of 
gene expression in different physiological and pathological 
environments is an emerging area of research. Proteomics has 
been widely studied in various diseases and especially in the 
context of tumors. This has enabled a better understanding 
of the etiology, and the mechanisms of carcinogenesis and 
cancer progression (12). Proteomic approaches are useful for 
the study of human proteome of NPC (13). Many diagnostic 
and predictive biomarkers for NPC have been identified 
using the proteomic approach. However, further studies are 
required to unravel the mechanisms and perform clinical 
validation (8).
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Diseases and Disorders

Name p-value #Molecule

Infectious Disease 2.80E-42 - 6.72E-04 308

Dermatological Disease and Conditions 2.25E-41 - 4.17E-04 244

Neurolocal Disease 1.37E-26 - 6.93E-04 291

Skeletal and Muscular Disorders 1.37E-26 - 6.93E-04 346

Inflammatory Disease 5.95E-24 - 4.17E-04 262

Figure 4 308 proteins are associated with infectious diseases, 244 proteins are associated with dermatological diseases and conditions, 291 
proteins are associated with neurological diseases, 346 are associated with skeletal and muscular diseases, and 262 proteins are associated 
with inflammatory diseases.

MS/MSALL combined with SWATH-MSTM acquisition is a 
powerful technology developed using fast scanning and high 
sensitivity features of the TripleTOFTM 5600+ system. It can 
be used for both qualitative and quantitative analysis (14).

In the present study, we applied the SILAC technique, 
LC-MS/MS and SWATH-MS to identify differentially 
e x p r e s s e d  p r o t e i n s  b e t w e e n  N P C  a n d  n o r m a l 
nasopharyngeal tissues. Further, we used LC-MS/MS to 
confirm the results of SWATH-MS; 92% proteins identified 
by SWATH-MS were also identified by LC-MS/MS. Thus, 
our results demonstrate the feasibility of use of SWATH-
MS for conducting further experiments. The subjective 
analysis and Top Disease and Bio Function analysis of IPA 
bioanalytical software helps reveal the functional network 
map of the differentially expressed proteins, and provides 
more comprehensive and organic understanding for further 
research on NPC. The EIF2AK2 and MAPK1 proteins 
are known to be involved in multiple biological network 
functions and act as promoters. Our findings may help 
identify specific molecular biomarkers of NPC and specific 
functional proteins or facilitate discovery of specific proteins 
for NPC in future research.

EIF2AK2, also known as PRKR, is a eukaryotic 
translation initiation factor 2-alpha kinase 2 (eIF2α). There 
are four kinds of protein kinases of eIF2α in mammalian 
cells. These are composed of three subunits (α, β and γ), 
where phosphorylation of serine at the 51-regulated subunit 
inhibits the activity of eIF2B (15,16). It is an important 
signal node for initiation of translation, and for changing 
the signaling pathways of cell cycle, cell checkpoints, 
energy, and nutrients though regulation of translation. 
EIF2 can combine with ATP, bind double-stranded RNA, 
and activate eIF2α kinase to participate in cell apoptosis, 
translation, phosphorylation, growth, and proliferation; all 

of these processes require eIF2 for initiation of translation. 
Thus, defects in eIF2 are potentially fatal (17,18). These 
are currently known to be associated with a wide range of 
disorders, such as delayed sensitivity, contact dermatitis, 
impaired glucose tolerance, insulin resistance, Alzheimer's 
disease, myelodysplastic syndromes, and different types of 
cancers (breast cancer, leukemia, melanoma, hepatocellular 
carcinoma, and colon cancer) (19,20).

MAPK1 is also known as extracellular signal-regulated 
kinase 2 (ERK2) and has a molecular weight of 41,390 Da.  
It belongs to the MAPKs family, and acts as a major 
transmitter for transduction of extracellular signals into 
the nucleus; it is involved in many cellular responses to 
exogenous and endogenous stimuli and regulates many 
intracellular pathways. MAPK1 plays an important 
regulatory role in physiological processes such as cell 
proliferation and survival by combining with ATP. 
Further, it is involved in DNA binding, kinase binding 
and its activation, binding to transcription factors, and 
transferase activity in response to inflammation, growth, 
and differentiation of cells. The most widely studied 
MAPK pathways include ERK1/2 (for extracellular growth 
factors), p38MAPK, and JNK (for stress) (21). Intracellular 
aggregation of double-stranded RNA activates p38 MAPK 
and JNK, which is found mainly in lung cancer (22), cardiac 
hypertrophy, heart failure, hypertrophy, dedifferentiation, 
Q61 mutant melanoma, melanocarcinoma, amyotrophic 
lateral sclerosis, leiomyomas, renal cancer, renal clear cell 
adenocarcinoma, and epithelial cancer (23-26).

Conclusions

Both EIF2AK2 and MAPK1 proteins play an important 
role in the pathogenesis and progression of NPC.
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The differently expressed proteins EIF2AK2 and MAPK 
play a special role in the biological network. These appear 
to be either specific proteins of NPC or may facilitate the 
discovery of other specific functional proteins of NPC. 
Therefore further research may be necessary to identify the 
pathways and molecular mechanisms underlying NPC.
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