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Abstract. Radioresistance is the major cause of poor prognosis 
in nasopharyngeal carcinoma (NPC). To identify and char-
acterize the secretome associated with NPC radioresistance, 
we compared the conditioned serum-free medium of radiore-
sistant CNE-2R cells with that of the parental radiosensitive 
CNE-2 cells using isobaric tags for relative and absolute quan-
titation (iTRAQ) with liquid chromatography-electrospray 
tandem mass spectrometry (LC-ESI-MS/MS) quantitative 
proteomics. Before proceeding to quantitative proteomics, we 
investigated the survival curves of CNE-2R and CNE-2 cells 
by colony formation assay, and the CNE-2R survival curves 
were significantly higher than those for CNE-2. In total, 
3,581 proteins were identified in the quantitative proteomics 
experiments, and 40  proteins exhibited significant differ-
ences between the CNE-2R and CNE-2 cells. Twenty-six 
of the 40 proteins were secreted by classical, non-classical, 
or exosomal secretion pathways. To verify the reliability 
of iTRAQ quantitative proteomics, we applied western 
blotting (WB) to study the secretory protein expression of 
fibrillin-2, CD166, sulfhydryl oxidase 1 and cofilin-2, which 
are involved in cell adhesion, migration and invasion. The 
WB results showed that fibrillin-2 (p=0.017) and sulfhydryl 
oxidase 1 (p=0.000) were highly expressed in the CNE-2 cells, 
while CD166 (p=0.012) and cofilin-2 (p=0.003) were highly 
expressed in the CNE-2R cells, which was in accordance with 
iTRAQ quantitative proteomics. Finally, a phenotypic subset 
of CD166-positive NPC cells was verified by immunocyto-
chemistry. In summary, we defined a collection of secretory 
proteins that may be relevant to the radioresistance in NPC 

cells, and we determined that CD166, which is widely used as a 
positive marker of cancer stem cells, is expressed in NPC cells.

Introduction

Nasopharyngeal carcinoma (NPC) is a highly malignant 
carcinoma characterized by local invasion and early distant 
metastasis (1). NPC is endemic in regions such as Southeast 
Asia, Southern China, Hong Kong and Taiwan, where the 
annual incidence rate is ~25-fold higher than that in the 
Western world (2-4). Radiotherapy is the main treatment for 
NPC. During the past decades, there have been advances 
in radiotherapy techniques, dose escalation and the use of 
chemotherapy; however, ~20% of NPC patients have local 
recurrence following radiation, and a common cause of local 
recurrence with poor survival in NPC is radioresistance (5,6). 
Therefore, identifying molecules secreted from the NPC envi-
ronment into the body fluid that could be used as clinically 
predictive biomarkers for radioresistance is vital. Knowing the 
biomarkers for radioresistance and modifying the therapeutic 
approach individually will be important in mitigating NPC 
disease burden and mortality.

Proteomic approaches have been widely used for the 
analysis of malignant diseases, particularly in the field of 
plasma/serum tumor marker identification (7-10). Thus, the 
topic of NPC proteomics has been analyzed in numerous 
studies over the past decade. For example, Juan et al  (11) 
used a xenotransplantation model to explore tumor-associated 
serum proteins derived from mouse or human origin through 
their separation and identification by 2-dimensional gel 
electrophoresis (2-DE) and mass spectrometry (MS), finding 
that a panel of proteins serves as screening biomarkers 
for early cancer detection. Wu  et  al  (12,13) in 2005 and 
2008 used MS to identify secreted proteomes in early NPC 
diagnosis and showed that the proteins fibronectin, Mac-2 BP, 
PAI-1 and Prx-II may be potential markers for the diagnosis 
of NPC. In addition, Chang et al  (14) identified candidate 
NPC serum biomarkers via cancer cell secretome and tissue 
transcriptome analysis, finding that serum levels of cystatin A, 
cathepsin B, manganese superoxide dismutase and matrix 
metalloproteinase 2 were higher in NPC patients than these 
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levels in healthy controls. However, these strategies were 
limited, as the mouse xenotransplantation model and human 
body fluid all had individual limitations. Use of the mouse 
xenotransplantation model was aborted due to substantial 
mouse protein content, and human body fluid was limited 
due to its formidable heterogenicity. Thus, cell lines were 
considered to be more valuable in proteomic studies due to 
their low complexity and variability of proteins with which to 
explore NPC-related proteins (15).

CNE-2 is a low-differentiated NPC epithelioid cell line 
derived from a primary tumor biopsy in China in 1980 (16). Its 
establishment has been applied to a multitude of NPC-related 
studies. For example, Li et  al  (17) combined 2-DE with 
MALDI-TOF MS for analysis of the proteins in CNE-2 cells 
and its strongly metastatic subclone S-18 and for the functional 
characterization of HSP27 in the metastasis of NPC. CNE-2R, 
a radioresistant NPC cell line, was established from CNE-2 
cells that had undergone 400 cGy 60Co γ-radiation repeated 
16 times for a total dose of 64 Gy for 1 year (18). The isobaric 
tags for relative and absolute quantitation (iTRAQ) approach 
is a gel-free labeling method for use in complex samples, 
and is currently the main approach in quantitative proteomic 
analysis. This scenario is complemented by the in-gel labeling 
method of classic 2-DE analysis  (19). Herein, we applied 
iTRAQ quantitative proteomics to this experiment, a qualita-
tive and quantitative analysis more accurate than traditional 
2-DE that could prove truly beneficial to the understanding of 
radioresistance for nasopharyngeal carcinoma (20).

In the present study, we presented an investigation of the 
differential secretome associated with NPC radioresistance 
using the iTRAQ system and liquid chromatography-elec-
trospray tandem mass spectrometry (LC-ESI-MS/MS). This 
approach allows the simultaneous comparison of multiple 
peptides via measuring the peak intensities of reporter ions in 
tandem MS/MS spectra (19). Finally, a collection of secretory 
proteins may provide a resource and strategy for the further 
investigation of NPC related to radioresistance.

Materials and methods

Cell culture. The CNE-2 cell line was purchased from the 
Cancer Hospital of Shanghai Fudan University. The radio-
resistant cell line CNE-2R was constructed by subjecting 
the CNE-2 cell line to fractionated radiation in our previous 
study (18). CNE-2 and CNE-2R cells were cultured in RPMI-
1640 medium with the addition of 10% fetal bovine serum 
(FBS) (both from Gibco, USA), penicillin (100 U/ml) and 
streptomycin (100 µg/ml), and were cultured in a humidified 
5% CO2 atmosphere at 37˚C as previously described (21).

Colony formation assay for radiosensitivity. Aliquots 
consisting of 200, 200, 400, 600, 1,000, 5,000 and 
10,000 CNE-2 and CNE-2R cells were plated into seven 6-well 
plates and individually exposed to doses of 0, 1, 2, 4, 6, 8 and 
10 Gy with 6 MV X-rays from an Elekta linear accelerator 
(Precise 1120; Elekta Instrument AB, Stockholm, Sweden) 
with a dose rate of 220 cGy/min. After irradiation, the cells 
were cultured for 10 days in a 5% CO2 atmosphere at 37˚C. 
The colonies were fixed with carbinol and stained with 0.1% 
Giemsa (both from Solarbio, Beijing, China). The number of 

surviving colonies (defined as any colony with ≥50 cells) was 
counted. All experiments were repeated 3 times. The dose 
responses were analyzed using a linear-quadratic relation-
ship model (LQ model): (y = exp[-(αx+βx2)]. The GraphPad 
Prism 5.0 software was used to create fit curves, where α and 
β are radiobiological parameters.

Cell cultures and preparation of conditioned media. CNE-2 
and CNE-2R cells were seeded in ten 75 cm2 culture flasks 
with 10 ml conditioned media each and cultured at 37˚C until 
the cells grew to 60-70% confluency (22,23). All cells were 
then washed 3 times with phosphate-buffered saline (PBS) 
to remove any adherent serum and cultured in RPMI-1640 
phenol red-free medium without FBS (conditioned media) for 
2 h. Afterwards, all cells were again washed 3 times with PBS 
to remove any adherent serum. All cells were then cultured in 
conditioned media for 24 h. Post starvation, the conditioned 
media from each cell line were collected and centrifuged 
at 1,000 x g for 10 min followed by 3,000 x g for 10 min 
to remove any cells or debris. The supernatant was filtered 
using a 0.22-µm filter, and one protease inhibitor tablet was 
added/50 ml (Complete Protease Inhibitor Cocktail; Roche, 
Mannheim, Germany). The supernatant was subsequently 
precipitated using acetone, then alkylated and the pellet was 
dissolved in 200  µl 0.5  M tetraethylammonium bromide 
(TEAB). The protein concentration was measured using the 
Branford assay kit (Pierce, Rockford, IL, USA). The proteins 
in the supernatant were stored at -80˚C for further analysis.

Trypan blue dye exclusion assay. Trypan blue dye exclusion 
assays and cell counting were used to determine viable cell 
numbers (24). CNE-2 and CNE-2R cells were seeded into 
75 cm2 culture flasks and cultured at 37˚C until the cells grew 
to 60-70% confluency. After washing 3 times with PBS, the 
cells were incubated in conditioned media for 2 h, then washed 
with PBS 3 times again and incubated in 10 ml conditioned 
media for 24  h. The supernatant and adherent cells from 
the CNE-2 and CNE-2R cell lines were quantified using the 
trypan blue exclusion method, where cells were diluted with 
0.4% trypan blue dye (Sigma-Aldrich, St. Louis, MO, USA) 
in a 1:1 ratio and counted using a Neubauer hemocytometer 
under a phase-contrast microscope (IX71; Olympus, Beijing, 
China). The experiments were performed in triplicate.

SDS-PAGE. Based on the concentration results, 5  µg of 
protein samples from CNE-2 and CNE-2R cells was obtained 
and mixed briefly in equivalent loading buffer at 95˚C in a 
heat block for 5 min. One sample was loaded/well, in dupli-
cate. Then, 12 µl of marker standard was loaded onto this gel, 
and electrophoresis was performed for 2 h at 120 V. The gel 
concentration was 10%. When electrophoresis was completed, 
the gel was dyed with dyeing buffer for 2 h and then destained 
using destaining buffer 3 times for 30 min each time.

Protein digestion, iTRAQ labeling and SCX chromatography. 
Total protein (100 µg) was obtained from the CNE-2 and 
CNE-2R solutions and digested with Trypsin Gold (Promega, 
Madison, WI, USA) at a protein:trypsin ratio of 30:1 at 37˚C 
for 16 h. After trypsin digestion, the peptides were dried 
by vacuum centrifugation, restored in 0.5  M TEAB and 
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processed according to the manufacturer's protocol for iTRAQ 
reagent (AB Sciex Inc., Foster City, CA, USA). In brief, one 
unit of iTRAQ reagent was thawed and reconstituted in 24 µl 
isopropanol. Peptides of the CNE-2 cell line were labeled 
with iTRAQ reagents 119 and 121, while CNE-2R peptides 
were labeled with 113 and 115. The peptides were incubated 
at room temperature for 2 h, pooled and dried by vacuum 
centrifugation. Finally, SCX chromatography was performed 
using an LC-20AB HPLC pump system (Shimadzu, Kyoto, 
Japan). The peptide mixtures were restored with 4 ml buffer A 
(25 mM NaH2PO4 in 25% ACN, pH 2.7) and loaded onto a 
4.6x250 mm Ultramax SCX column containing 5-µm parti-
cles (Phenomenex, USA), which were eluted at a rate of 1 ml/
min with a gradient of buffer A for 10 min, 5-60% buffer B 
(25 mM NaH2PO4, 1 M KCl in 25% ACN, pH 2.7) for 27 min 
and 60-100% buffer B for 1 min. Afterwards, the system was 
maintained in 100% buffer B for 1 min, and then equilibrated 
with buffer A for 10 min before the next injection. This elution 
process was monitored by measuring the absorbance at 
214 nm, and fractions were collected every 1 min. The eluted 
peptides were pooled into a total of 20 fractions, desalted with 
a Strata-X-C18 column (Phenomenex) and vacuum-dried.

LC-ESI-MS/MS analysis based on TripleTOF 5600. Each 
fraction was resuspended in buffer A (5% ACN, 0.1% FA) 
and centrifuged at 20,000 x g for 10 min. The final concentra-
tion of peptide was 0.5 µg/µl on average. Next, 10 µl of the 
peptide supernatant was loaded on a 2-cm C18 trap column 
in an LC-20AD Nano HPLC (Shimadzu) by autosampler. 
Afterwards, the peptides were eluted onto a 10-cm analytical 
C18 column (inner diameter, 75 µm) packed in-house. The 
samples were then loaded at 8 µl/min for 4 min, and a 35-min 
gradient was run at 300 nl/min starting from 2 to 35% B (95% 
ACN, 0.1% FA), followed by a 5-min linear gradient to 60%, 
and then by a 2-min linear gradient to 80%, maintained at 
80% B for 4 min, and finally returned to 5% in 1 min. Data 
were collected using a TripleTOF 5600 System fitted with a 
NanoSpray III source (AB Sciex, Concord, ON, Canada) and 
a pulled quartz tip as the emitter (New Objectives, Woburn, 
MA, USA), using an ion spray voltage of 2.5 kV, curtain gas 
of 30 psi, nebulizer gas of 15 psi, and an interface heater 
temperature of 150˚C. The MS was operated with RP ≥30,000 
FWHM for TOF MS scans. For IDA, survey scans were 
obtained in 250 msec, and 30 product ion scans were collected 
if a threshold of 120 counts/sec was exceeded, with a 2+ to 
5+ charge-state. The total cycle time was fixed to 3.3 sec. The 
Q2 transmission window was 100 Da for 100%. Four time 
bins were summed for each scan at a pulse frequency value of 
11 kHz through monitoring of the 40 GHz multichannel TDC 
detector with four-anode channel ion detection. A sweeping 
collision energy setting of 35±5  eV coupled with iTRAQ 
adjusted rolling collision energy was applied to all precursor 
ions for collision-induced dissociation. Dynamic exclusion 
was set to 1/2 of peak width (15 sec), and the precursor was 
refreshed from the exclusion list.

Data analysis. Raw data files obtained from the Orbitrap 
were converted into MGF files using Proteome Discoverer 1.2 
(PD 1.2; Thermo), (5600 MSConverter) and the MGF files 
were searched. Protein identification was performed using the 

Mascot 2.3.02 search engine (Matrix Science, London, UK) 
against a database containing 15,508 sequences. For protein 
identification, a mass tolerance of 0.05 Da was permitted for 
intact peptide masses and 0.1 Da for fragmented ions, with 
allowance for one missed cleavage in the trypsin digests. 
Gln->pyro-Glu (N-term Q), oxidation (M) and iTRAQ8plex 
(Y) were the potential variable modifications, and carbamido-
methyl (C), iTRAQ 8-plex (N-term) and iTRAQ8‑plex (K) were 
the fixed modifications. The charge states of peptides were set 
to +2 and +3. Specifically, an automatic decoy database search 
was run in Mascot by choosing the decoy checkbox, in which 
a random database sequence is generated and detected for raw 
spectra alongside the real database. To reduce the likelihood 
of false peptide identification, only peptides with significance 
scores greater than ‘identity’ (≥20) at the 99% confidence 
interval according to a Mascot 2.3.02 probability analysis 
were computed as identified. For every confidently identified 
protein, identification involved at least one unique peptide. For 
protein quantitation, it was necessary for a protein to contain 
at least two unique peptides. The quantitative protein ratio was 
weighted and normalized by the median ratio in Mascot 2.3.02. 
We considered ratios with p-values <0.05 and fold-changes 
of >1.2 as significant. In addition, Gene Ontology (GO) was 
used to describe molecular functions, cellular components 
and biological processes. Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway was used to draw pathway maps 
representing our knowledge of the molecular interaction and 
reaction networks.

Western blot analysis. The conditioned media of CNE-2 and 
CNE-2R cells with protease inhibitor tablets (Roche Applied 
Science, Mannheim, Germany) were concentrated to an 
approximate volume of 300 µl using 3 kDa cut-off Amicon 
Ultra-15 centrifugal filters (Millipore, Bedford, MA, USA) 
at 5,000 x g and 4˚C. CNE-2 and CNE-2R cells were lysed 
with radioimmunoprecipitation assay (RIPA) lysis buffer 
(Beyotime Institute of Biotechnology, China) for 30 min and 
then centrifuged at 12,000 x g at 4˚C for 20 min, to obtain 
the cell extracts. Equal amounts of protein were separated by 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(for fibrillin-2, 6%; for CD166 and sulfhydryl oxidase 1, 10%; 
for cofilin-2, 15%) before transfer onto polyvinylidene fluoride 
membranes (Millipore). The membranes were blocked with 
5% non-fat dried milk for 1 h at room temperature with gentle 
shaking. Immunodetection was performed by incubating at 
4˚C with antibodies against fibrillin-2 (diluted 1:150; Santa 
Cruz Biotechnology, Santa Cruz, CA, USA), CD166 (diluted 
1:1,500), sulfhydryl oxidase  1 (diluted 1:1,000), cofilin-2 
(diluted 1:1,000) (all from Abcam, Cambridge, MA, USA), 
and glyceraldehyde‑3-phosphate dehydrogenase (GAPDH) 
(diluted 1:5,000; ProteinTech Group, Chicago IL, USA) as a 
loading control. After washing and incubating with fluores-
cently labeled goat anti-mouse/rabbit IgG secondary antibody 
(diluted 1:15,000; Cell Signaling Technology, Inc., Beverly, 
MA, USA), the fluorescence intensity was detected using an 
Odyssey Infrared Imaging System (Odyssey version 3.0.X; 
LI-COR Biosciences, Lincoln, NE, USA).

Immunocytochemistry. In each well of a 24-well plate, 
3,000 cells were inoculated at 37˚C. When cell fusion reached 
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60-70%, the cells were washed 3 times with 2 ml PBS and 
fixed for 20 min in 4% paraformaldehyde at room temperature, 
followed by 3 more washes with PBS. The cells were then 
blocked for endogenous peroxidase activity with 3% H2O2 
for 15 min at room temperature, followed by 3 washes with 
PBS and blocked for 20 min with 5% BSA in PBS. The cells 
were incubated with anti-CD166 primary antibodies (diluted 
1:100; Abcam) at 4˚C overnight. PBS was used for negative 
controls. After washing 3 times, the cells were then incubated 
with biotin‑labeled goat anti-rabbit antibody for 12 min at 
room temperature and subsequently incubated with strepta-
vidin-conjugated horseradish peroxidase (HRP) (both from 
Zhongshan Inc., Zhongshan, China) for 12 min. Cells were 
treated with diaminobenzidine (DAB) (Zhongshan Inc.) for 
4 min and counterstained with hematoxylin for 20 sec. Images 
were captured under a phase-contrast microscope (IX71).

Statistical analysis. Data are expressed as means ±  stan-
dard deviations. Comparisons of parameters between the 
two groups were performed with the Student's t-test using 
SPSS 16.0 (SPSS, Inc., Chicago, IL, USA). A value of p<0.05 
was considered to indicate a statistically significant result.

Results

Radiation sensitivity of the CNE-2 and CNE-2R cell lines. We 
observed the survival curves of the CNE-2 and CNE-2R cell 
lines by colony formation assays. The radiation dose‑responses 
of the different cells are shown in Fig. 1A. There were fewer 
surviving colonies of CNE-2R cells than CNE-2 at doses of 0 
or 1 Gy, while there were more surviving CNE-2R colonies 
than CNE-2 colonies at doses of 2-10 Gy. GraphPad Prism 5.0 
software was used to analyze the fit curves shown in Fig. 1B. 
The CNE-2R survival curves were significantly higher than 

the survival curves for CNE-2. The radiobiology parameters 
are shown in Table I. Parameters α and α/β of the CNE-2 cells 
were higher than these parameters for the CNE-2R cells (α, 
p=0.003; α/β, p=0.010), where α is regarded as a parameter 
that reflects the intrinsic radiosensitivity. and α/β measures 
cell repair capacity (25). The higher value of α and higher 
ratio of α/β indicated that the repair capacity was weaker. 
Parameter  β of CNE-2 was lower than that for CNE-2R 
(p=0.04), where β is interpreted as a reflection of the repair of 
sublethal DNA damage induced by the first dose. The lower 
value of β indicated that the recovery capacity was weaker. 
Thus, we suggested that the repair capability of the CNE-2R 
cells was stronger than that for CNE-2. All the above suggest 
that CNE-2R cells are radioresistant.

Cell viability. Cell viability was determined using trypan blue 
dye and cell counting under a phase-contrast microscope. Dead 
cells were defined as cells that were stained with the dye and 
turned blue. The percentage of living cells was calculated by 
the relationship between the number of viable cells and the total 
number of cells counted. As shown in Fig. 2A, ~1 cell in 100 
was stained with the dye, and the cells preserved good viability 
when kept for ~24 h in conditioned media without serum. The 
diagrams shown in Fig. 2B represent the percentages of viable 

Figure 1. Colony formation assays for radiosensitivity. (A) Colony formation assays of the CNE-2 and CNE-2R cell lines were performed to evaluate radiosen-
sitivity. (B) The fit curves were analyzed using GraphPad Prism 5.0 software.

Table I. Radiobiology parameters (the linear-quadratic model).

Cell line	 α	 β	 α/β

CNE-2	 0.1634±0.0351	 0.0063±0.0010	 26.9240±9.4105
CNE-2R	 0.0258±0.01183	 0.0174±0.0030	 1.5867±0.9937
P-value	 0.003	 0.004	 0.010
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Figure 2. Trypan blue dye exclusion assays and cell counting were used to determine viable cell numbers, and SDS-PAGE assays were used to analyze the 
conditioned media harvested from the CNE-2 and CNE-2R cells. (A) The conditioned media and adherent cells of CNE-2 and CNE-2R were dyed to exclude 
dead cells using trypan blue dye. The cells that turned blue were considered dead cells (magnification, x100). (B) The conditioned media and adherent cells of 
CNE-2 and CNE-2R were used to determine viable cell numbers. (C) The conditioned media of CNE-2 and CNE-2R cells were precipitated and processed as 
described in Materials and methods. Proteins (5 µg) were resolved on 10% SDS gel and stained with Coomassie blue.

Figure 3. Identification of secretory proteins in the CNE-2 and CNE-2R cell lines. (A) Molecular functional classification of the 3,581 total identified proteins. 
The pie chart shows the distribution of identified proteins into their functional classes by percentage. (B) Biological processes of the 3,581 total identified 
proteins. The pie chart shows the distribution of identified proteins into their biological process classes by percentage.
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cells in the CNE-2 and CNE-2R cell lines. Both CNE-2 and 
CNE-2R cells kept in serum-free conditioned media for 24 h 
exhibited >99% cell viability. We focused on studying the 
secretory proteins and excluded the proteins from dead cells 
that polluted the conditioned media, as feasible.

Proteins extracted from conditioned media of the CNE-2 and 
CNE-2R cells show repeatability. Due to the heterogeneity 
of protein samples and the wide range of protein contents 
from each precipitation, we used SDS-PAGE to ensure the 
material precipitated from conditioned media using acetone 
was really ‘protein’ and to confirm the repeatability of the 
samples. CNE-2 and CNE-2R cells were cultured in serum-
free medium for 24 h, and then the culture supernatants were 
collected. After concentration, the proteins were resolved on 
10% SDS gels and stained with Coomassie blue (Fig. 2C). The 
protein-staining pattern of conditioned media was shown to 
demonstrate that the secreted proteins were enriched in the 
culture media. The bands were similar between CNE-2 dupli-
cates and between CNE-2R and duplicates, demonstrating 
repeatability. In addition, the bands were different between 
the CNE-2 and CNE-2R cells, indicating that the secretory 
proteins were differentially enriched in CNE-2 and its radiore-
sistant cell line CNE-2R.

Prediction of secretory proteins that were differentially 
expressed in the CNE-2 and CNE-2R cells. Proteins that 
were preliminarily identified as being differentially expressed 
in NPC cells were identified by iTRAQ labeling followed 
by LC-ESI-MS/MS analysis and searching with the Mascot 
search engine. The 3,581 identified proteins were functionally 
classified on the basis of universal GO annotation terms and 
were linked to at least one annotation term each within the 
GO molecular function and biological process categories. 
As shown in Fig. 3A, the top three molecular functions were 
protein binding (50.99%), catalytic activity (26.99%) and 
enzyme regulator activity (4.50%). In Fig. 3B, the top three 
biological process categories were cellular processes (12.64%), 
metabolic processes (10.34%) and single‑organism processes 
(10.16%). Among the 3,581 proteins, 40 were associated with 
significant database hits. Among these 40 significant differ-
entially expressed proteins in the CNE-2 and CNE-2R cells, 
11 proteins were predicted by SignalP 3.0 (http://www.cbs.
dtu.dk/services/SignalP-3.0/) to be secreted in the classical 
secretory pathway (14,26), which is characterized by the pres-
ence of a signal peptide. Seven proteins were predicted by 
Secretome 2.0 (http://www.cbs.dtu.dk/services/SecretomeP/) 
to be released through the non-classical secretory pathway 
(27,28) (Supporting Information Table II), which is charac-
terized by non-classically secreted proteins that obtain an 
NN-score exceeding the normal threshold of 0.5 but are not 
predicted to contain a signal peptide. However, 22 proteins 
remained unconfirmed. Exosomal release is also a form 
of nonclassical secretion mechanism. Potential exosomal 
release of the proteins was studied by manual annotation of 
the ExoCarta exosome database (http://exocarta.ludwig.edu.
au/) (27,29,30). Eight proteins were predicted by the ExoCarta 
exosome database to be secreted in the exosomal pathway 
(Supporting Information Table III). Altogether, the profile 
analyses predicted that 65% [(11+7+8)/40] of the identified 
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proteins could be released into conditioned media and related 
to radioresistance in NPC cells.

Validation of the differential expression of the secretory 
proteins by western blotting. To confirm the expression 
levels of the differentially expressed proteins identified by 
a proteomic approach, the expression of four differentially 
expressed secretory proteins (fibrillin-2, CD166, sulfhydryl 
oxidase 1, cofilin-2) in the conditioned media of CNE-2 and 
CNE-2R cells were detected by western blotting. As shown in 
Fig. 4, fibrillin-2 and sulfhydryl oxidase 1 were downregulated 
in CNE-2R compared with levels in the CNE-2 cells, whereas 
CD166 and cofilin-2 were upregulated in the CNE-2R cells 
compared with levels in the CNE-2 cells. As shown in Fig. 4, 
the columns showed that the protein levels of four secretory 
proteins were significantly different in conditioned media 
between the CNE-2 and CNE-2R cells (fibrillin-2, p=0.017; 
sulfhydryl oxidase 1, p=0.000; CD166, p=0.012; cofilin-2, 
p=0.003), which was consistent with the proteomic prediction 
results. In addition, we compared the four proteins in the cell 
extracts of the CNE-2 and CNE-2R cells. As shown in Fig. 5, 
the secretory proteins fibrillin-2 and sulfhydryl oxidase 1 were 

not expressed in the NPC cells, whereas CD166 was down-
regulated in the CNE-2R cells when compared with that in 
the CNE-2 cells (p=0.001) and cofilin-2 was upregulated in 
the CNE-2R compared with that in the CNE-2 cells (p=0.003).

CD166 protein was expressed in the CNE-2 and CNE-2R 
cells. To investigate the expression of CD166 protein in the 
CNE-2 and CNE-2R cells, immunocytochemical detection 
was performed. Representative staining patterns for CD166 
are shown in Fig. 6. CD166 protein expression, shown by 
brown‑yellow staining, was observed in both the CNE-2 and 
CNE-2R cells. CD166 was only expressed in a few cells. In 
the negative control group, the cells were not stained. These 
results showed that CD166 was expressed in the CNE-2 and 
CNE-2R cells of NPC.

Discussion

Radioresistance remains a major issue in the treatment of 
nasopharyngeal carcinoma (NPC)  (31), and the molecular 
mechanisms underlying NPC radioresistance remain unclear. 
To date, there have been no effective serum biomarkers for 

Figure 4. Confirmation of the results of the proteomics by western blotting. Conditioned media (CM) were resolved on SDS-PAGE gels, transferred onto PVDF 
membranes, and probed with specific antibodies against the indicated targets. The histograms to the right of the blots represent the relative quantification levels 
as determined by the Odyssey Infrared Imaging System. (A) The secretory protein fibrillin-2 at 350 kDa was confirmed. *p=0.017 vs. CNE-2-CM. (B) The 
secretory protein of CD166 at 105 kDa was confirmed. *p=0.012 vs. CNE‑2-CM. (C) The secretory protein sulfhydryl oxidase 1 (known as Quiescin Q6) at 
83 kDa was confirmed. *p=0.000 vs. CNE-2-CM. (D) The secretory protein cofillin-2 at 18 kDa was confirmed. *p=0.003 vs. CNE‑2-CM.
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Figure 6. Immunocytochemical detection of CD166 expression in the CNE-2 and CNE-2R cells (magnification, x200). Cells were counterstained with hema-
toxylin, and nuclei are indicated by blue staining. CD166 protein expression is shown by brown-yellow staining and indicated by arrows. (A and C) Negative 
control (PBS without antibody was used) did not express CD166 in the CNE-2 and CNE-2R cells. (B and D) As indicated by the arrows, the experimental group 
expressed CD166 in the CNE-2 and CNE-2R cells.

Figure 5. The differential expression of four proteins between CNE-2 and CNE-2R in the cell extract (CE). GAPDH was used as a loading control. The 
histograms to the right of the blots represent relative quantification levels as determined by the Odyssey Infrared Imaging System. (A) The secretory protein 
fibrillin-2 at 350 kDa was confirmed. Due to its high molecular weight, it lacked an appropriate loading control. (B) The secretory protein CD166 at 105 kDa 
was confirmed. *p<0.05 vs. CNE-2-CE. (C) The secretory protein sulfhydryl oxidase 1 (known as Quiescin Q6) at 83 kDa was confirmed. (D) The secretory 
protein cofillin-2 at 18 kDa was confirmed. *p<0.05 vs. CNE-2-CE.
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predicting NPC radiosensitivity. The identification of NPC 
radioresistance-associated secretory proteins will help to find 
biomarkers to estimate NPC response to radiotherapy and 
reveal the molecular mechanisms of NPC radioresistance.

In the present study, we used acetone to precipitate 
conditioned media and applied the iTRAQ labeling proteomic 
approach to screen different secretory proteins between 
CNE-2R and its parental CNE-2 cells. Before quantitative 
proteomic analysis, we investigated the survival curves 
of the CNE-2 and CNE-2R cell lines by colony formation 
assays, and the CNE-2R survival curves were significantly 
higher than the CNE-2 curves (Fig. 1). Afterwards, a trypan 
blue dye exclusion assay was performed to exclude the dead 
cells that could pollute the conditioned media of secretory 
proteins (Fig. 2). A total of 40 significantly different proteins 
were identified, of which 26 were predicted to be secretory 
proteins by SignalP 3.0, Secretome 2.0 and ExoCarta exosome 
database (Tables II and III). Four (fibrillin-2, 350 kDa; CD166, 
105 kDa; sulfhydryl oxidase 1, 83 kDa; cofilin-2, 18 kDa) of 
these 26 secretory proteins were also quantified by western 
blotting and the results were consistent with the results of 
the iTRAQ labeling proteomic approach (Fig. 4). This result 
suggested that the proteins identified by the iTRAQ labeling 
proteomic approach were actually differentially expressed 
proteins. In addition, the expression of the four proteins in 
NPC cells was detected by western blotting, as shown in Fig. 5. 
According to the western blotting bands and columns, fibrillin-2 
and sulfhydryl oxidase  1 were not expressed in the NPC 
cells (CNE-2 and CNE-2R), while cofilin-2 and CD166 were 
expressed in the NPC cells. Finally, immunocytochemistry 
was performed to further examine the expression of CD166 
in the radiosensitive CNE-2 and radioresistant CNE-2R cells, 
and the images of their expression were observed.

Fibrillin-2 is a molecule that contributes to the structural 
integrity of the extracellular matrix. Recently, data relating to 

the expression of fibrillin-2 in human cancers were reported. 
For example, fibrillins interact with integrins and heparin-
sulfated proteoglycans and most likely play important roles 
in cell migration, adhesion, signaling and differentiation. 
They are important in the processes of tumor growth and 
metastasis  (32). Fibrillin-2 transcript and protein are also 
densely present in rhabdomyosarcoma (33). Various studies 
have revealed that the LTBP/fibrillin family form integral 
components of the fibronectin and microfibrillar extracellular 
matrix (ECM), are related to breast cancers, and may promote 
metastasis by providing the bridge between structural and 
signaling components of the epithelial to mesenchymal 
transition  (34). However, in the present study, the level of 
secretory protein fibrillin-2 was far lower in CNE-2R than 
that in the CNE-2 cells. The reasons may be as follows: 
CNE-2R was generated from CNE-2 by radiation. Radiation 
could trigger the endoplasmic reticulum (ER) to activate a 
survival pathway in cancer cells (35). ER stress triggers may 
induce cellular removal through the unfolded protein response 
pathway (36). Fibrillin-2 forms large fibrillar structures within 
the rough endoplasmic reticulum (rER) in association with an 
unfolded protein response (37). We presumed that radiation 
induced an increase in the unfolded protein response pathway 
and led to decreased expression of the fibrillin-2-mediated 
unfolded protein response pathway. As a result, fibrillin-2 was 
expressed less in the CNE-2R than that in CNE-2 cells.

Sulfhydryl oxidase 1, also known as Quiescin Q6, catalyzes 
the oxidation of sulfhydryl groups in peptide and protein 
thiols to disulfides with the reduction of oxygen to hydrogen 
peroxide. It may contribute to disulfide bond formation in a 
variety of secreted proteins. In fibroblasts, it may have tumor-
suppressing capabilities involved in growth regulation (38-40). 
It is not difficult to explain why the expression of sulfhydryl 
oxidase  1 was lower in CNE-2R than in CNE-2 cells, as 
shown in Fig. 4C. CNE-2R is a radioresistant cell line, and its 

Table IV. Pathways involving cofilin-2 or CD166 were predicted by KEGG pathway.

No.	 Pathways	 Proteins (tr, sp)

1	 Regulation of actin cytoskeleton (no map in KEGG database)	 sp|O14974-3|MYPT1_HUMAN,
		  sp|Q9Y281-3|COF2_HUMAN,
		  sp|Q9Y2A7-2|NCKP1_HUMAN, etc.
2	 Axon guidance (no map in KEGG database)	 sp|O15031|PLXB2_HUMAN,
		  sp|Q9Y281-3|COF2_HUMAN,
		  tr|A0PK02|A0PK02_HUMAN, etc.
3	 Fcγ R-mediated phagocytosis (no map in KEGG database)	 sp|O15143|ARC1B_HUMAN,
		  sp|Q9Y281-3|COF2_HUMAN,
		  sp|Q9Y6W5|WASF2_HUMAN, etc.
4	 Pertussis (no map in KEGG database)	 sp|O75973|C1QRF_HUMAN,
		  sp|Q9Y281-3|COF2_HUMAN,
		  sp|Q9Y4K3|TRAF6_HUMAN, etc.
5	 Cell adhesion molecules (CAMs) (no map in KEGG database)	 sp|O75131|CPNE3_HUMAN,
		  sp|Q13740-2|CD166_HUMAN,
		  sp|Q68D85|NR3L1_HUMAN, etc.

tr, tremble; sp, swissprot. KEGG, Kyoto Encyclopedia of Genes and Genomes.
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tumor‑suppressing capabilities are naturally lower than that of 
CNE-2 cells.

Cofilin-2 reversibly controls actin polymerization and 
depolymerization in a pH-sensitive manner. Some studies 
have reported cofilins to be important regulators of the actin 
cytoskeleton, whose upregulation of the actin cytoskeleton 
enhances tumor cell migration and invasion (41) and to regulate 
cell protrusion and motility through the spatial interaction 
of the lamellipodium and lamella  (42). Cofilin-2 exhibits 
significantly lower expression in pancreatic cancerous tissues 
compared to non-cancerous tissues (43). Recently, malignant 
progressive tumor cell clones have also been reported to exhibit 
significant upregulation of cofilin-2 compared to regressive 
clones (44). In the present study, cofilin-2 was highly expressed 
in the CNE-2R cells compared to that in the CNE-2 cells 
(Figs. 4 and 5). Table IV shows that cofilin-2 is involved in 
the pathways of regulation of the actin cytoskeleton (41), axon 
guidance (45) and Fcγ R-mediated phagocytosis (46) related 
to the migration, invasion and development of tumor cells, as 
predicted by KEGG pathway. This may imply that the more 
cofilin-2 is expressed, the more cells migrate and invade. 
However, we should also consider the opinion that starvation-
induced autophagy is a mechanism that promotes cell survival, 
and it has yet to be revealed whether starvation-induced cell 
autophagy is related to cofilin-2 expression (47). In the present 
study, before the proteomic assay, CNE-2 and CNE-2R cells 
were cultured by serum-free conditioned media starvation for 
24 h. Thus, cofilin-2 may be related to the struggle between 
cancerous and non-cancerous tissue under conditions of 
starvation. Whether cofilin-2 is involved in starvation 
resistance by a self-regulating protective mechanism in normal 
tissue cells during the migration and invasion of NPC cells 
must be clarified by further study.

CD166 is also known as activated leukocyte cell adhesion 
molecule (ALCAM)/MEMD and has been identified as a 
positive marker of mesenchymal stem cells (MSCs) (48-50), 
which have a close relationship with cancer stem cells 
(CSCs)  (51) and as a positive marker of CSCs  (52,53). 
Yan et al  (54) found that relative to CD166(low) head and 
neck squamous cell carcinoma (HNSCC) cells, CD166(high) 
HNSCC cells exhibited greater sphere-formation ability 
in vitro and tumor formation ability. However, the ‘cancer stem 
cell’ (CSC) theory was first stated by Nowell in 1978 (55) which 
supported the idea that human cancer can be considered as a 
stem cell disease which was proposed in 2001 (56). According 
to the CSC theory, only a phenotypic subset of cancer cells 
within each tumor is capable of initiating tumor growth. In 
the present study, as shown in Fig. 6, a phenotypic subset of 
CD166-positive cells was applied to immunocytochemistry of 
NPC cells. To our surprise, CD166 was expressed in a few NPC 
cells. It was inferred that CSCs may exist in NPC cells and that 
CD166 may be a positive marker of CSCs in NPC. In addition, 
as shown in Table IV, CD166 is involved in the pathway of 
cell adhesion molecules related to the proliferation of tumor 
cells, as predicted by KEGG pathway. Overall, CD166 plays 
an important role in NPC.

In summary, we used the iTRAQ labeling proteomic 
approach to identify differential secretory proteins between 
the radioresistant CNE-2R and its parental CNE-2 cell line, 
and 26 secretory proteins were identified. We showed that 

the abnormal expression of fibrillin-2, CD166, sulfhydryl 
oxidase 1 and cofilin-2 according to western blot analyses may 
serve as potential biomarkers for predicting NPC response to 
radiotherapy. Amazingly, we showed that the positive cancer 
stem cell marker CD166 was positive in NPC cells. This result 
calls for further investigation, such as sorting the cancer stem 
cells from NPC patients by fluorescence-activated cell sorting 
(FACS) or magnetic-activated cell sorting (MACS), spheroid 
colony formation assays and a nude mouse model. Cancer stem 
cells possess the ability to sustain tumor self-renewal, which 
may contribute to the radioresistance in NPC.
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