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Nasopharyngeal carcinoma (NPC) is one of the most common malignant tumors in Southeast Asia.
Unfortunately, most NPC victims have had metastasis when first diagnosed due to its deep location
and vague symptoms. To date, discovery of sensitive and specific biomarkers for improving detection
of NPC remains a challenge. Our previous study established a strategy for cell secretome analysis
using a hollow fiber culture (HFC) system combined with liquid chromatography mass spectrometry.
Herein, the above platform was used to collect NPC secretome for the discovery of relevant clinical
biomarkers. Among 66 identified proteins, chloride intracellular channel 1 (CLIC1) was sieved out for
intended use as a potential NPC biomarker candidate. Approximately 75% of NPC tissue specimens
showed positive CLIC1 staining by IHC. The plasma levels of CLIC1 in NPC patients (N ) 70), as presented
by sandwich ELISA, were significantly higher than those in the healthy controls (N ) 74) (mean ( SD,
16.38 ( 26.53 vs 2.39 ( 5.32 µg/mL; p ) 0.00005). Using a cutoff point of 2.58 µg/mL, CLIC1 successfully
discriminated NPC from the benign healthy control group with a sensitivity of 63% and a specificity of
77%. The area under the receiver operating characteristic curve was determined to be 0.74 (95% CI,
0.652-0.818). The statistical analysis of CLIC1 level in plasma shows that CLIC1 could be applied as a
marker for early detection of NPC. This is the first report for the detection of CLIC1 as a plasma marker.
Our results indicate that the analytical platform could provide a feasible strategy to profile tumor cell
secretome for identifying cancer biomarkers, and CLIC1 may be a novel plasma tumor marker for NPC.
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Introduction

Nasopharyngeal carcinoma (NPC) is one of the most com-
mon cancers in southern China and Southeast Asia. The
incidence rate of NPC among the Chinese, particularly the
population of southern China, is approximately 100-fold higher

than that of other countries.1 NPC is commonly diagnosed late
due to its deep location and vague symptoms.2 Metastasis is
found in 7% of patients at initial diagnosis and 20% or more
develop metastasis after treatment.3,4 Detection of the DNA
and/or viral capsid antigen of NPC-associated Epstein-Barr
virus (EBV) is the method currently used for serological
diagnosis of NPC; however, these serological markers are
lacking in sensitivity and specificity.5-10 Therefore, the iden-
tification of novel biomarkers for NPC is critical for early
detection and management of this disease.

The proteins secreted from cells are referred as secretome.
In cancer progression, some particularly interesting proteins
released from the tumor cells can enter into blood circulation.
These proteins could be detected in serum or plasma and used
as cancer screening markers. For instance, CA-125, a plasma
marker, is currently the most widely used tumor marker for
ovarian epithelial cancer.11,12 Proteomics technology is a
powerful tool for large-scale study of proteins. However,
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identification of these proteins from serum or plasma using
proteomics analysis has inherent limitations. Serum and
plasma proteomes predominantly consist of some high-
abundance proteins, including albumin and immunoglobulins,
which comprise over 90% of the proteome and could cause
difficulties in identification and characterization of the low-
abundance proteins.13 Considering the complex nature of
serum or plasma, examination of proteins released from
cultured cells, as derived from specific cancer types, may
represent an attractive strategy for marker discovery. The
analysis of secretome obtained from cultured cells could be
used to further design investigative methods for the discovery
of diagnostic and prognostic markers in plasma and serum.

Previously, we have analyzed cancer cell secretome using a
hollow fiber culture (HFC) system combined with liquid
chromatography mass spectrometry.14 The HFC system pro-
vides high-density 3D cell cultures that mimic solid tumors in
vivo, and in addition, collects cell secretome with improved
efficiency, which is critical when the concentrations of the
secreted proteins are low. Currently, the above platform is being
used to discover novel clinical biomarkers for NPC. Proteomics
analysis was performed to identify the NPC cell secretome using
SDS-PAGE, followed by nanoliquid chromatography tandem
mass spectrometry (nano-HPLC-MS/MS). From bioinformatics
analysis of 66 identified proteins, chloride intracellular channel
1 (CLIC1) appears to be a potential marker candidate and is
further confirmed as a plasma marker in patients.

Materials and Methods

Patient Population and Clinical Specimens. Plasma samples
were collected from 74 healthy controls (41 men and 33 women,
ranging from 12 to 75 years of age, mean age 46.0 ( 13.3 years),
70 NPC patients (51 men and 19 women, ranging from 16 to
84 years of age, mean age 48.7 ( 14.1 years), 43 lung cancer
patients (27 men and 16 women, ranging from 32 to 88 years
of age, mean age 64.7 ( 15.7 years), and 45 colorectal
carcinoma (CRC) patients (30 men and 15 women, ranging
from 34 to 75 years of age, mean age 56.8 ( 14.9 years). The
clinicopathological data of these patients are shown in Supple-
mentary Table S1. All the blood samples were collected at
Chang Gung Memorial Hospital (Lin-Kou, Taiwan, Republic of
China) from 2003 to 2007. The study protocol was approved
by the Medical Ethics and Human Clinical Trial Committee at
Chang Gung Memorial Hospital. All patients entered into the
study were informed of the testing situation when signing a
consent form.

Blood samples were collected from the patients preopera-
tively following a standardized protocol. Plasma samples were
prepared by collecting blood in EDTA tubes, and centrifuging
at 2000g for 10 min at room temperature to pellet the cells.
After centrifugation, samples were divided into 1.0-mL aliquots
in sterile cryotubes and immediately frozen at -80 °C for
storage until they would be used for the ELISA assays. The
samples had undergone only one freeze/thaw cycle before the
measurements were conducted.

Tumor specimens for the immunohistochemical analysis
were obtained from 40 NPC patients diagnosed at the Chang
Gung Memorial Hospital (Tao-Yuan, Taiwan) from 1996 to
2005. The clinicopathological data for these patients are shown
in Supplementary Table S2.

Harvest of Conditioned Medium from NPC Cancer Cell
Line Using the Hollow Fiber Culture (HFC) System. NPC-
TW04 cell line was kindly provided by Dr. C.-T. Lin (Institute

of Pathology, College of Medicine, National Taiwan University,
Taipei, Taiwan).15 Complete details for the procedures for the
collection of conditioned medium are as previously described.14

Briefly, the cells were maintained in Dulbecco’s Modified Eagle
Medium (DMEM) containing 10% fetal bovine serum and 1%
antibiotics in a humidified incubator at 37 °C under 5% CO2.
The volume of serum medium was slowly reduced and replaced
with serum-free medium consisting of RPMI 1640 with 10%
SynQ (CCS Cell Culture Service, Hamburg, Germany) and 1%
antibiotics. The cells were transferred to the HFC system
following 2-3 passages after the cells were completely adapted
to serum-free medium. Secretome samples in conditioned
media from the extracapillary space (ECS) of HFC system were
collected every 24 h, and the CM proteins of the first 2 days
were combined for further analysis. Glucose and lactate
concentrations were measured to monitor cell growth in the
HFC system. The conditioned media harvested from ECS of
the HFC system were concentrated using Amicon Ultra-15
tubes (molecular weight cutoff 3 kDa; Millipore, Billerica, MA).
The protein concentrations of the secretome samples were
determined using the Bradford assay (Bio-Rad, Hercules, CA).

Mass Spectrometric Analysis of Gel-Fractionated Proteins.
Five micrograms of proteins obtained from conditioned me-
dium in each lane was resolved on 12% SDS-PAGE visualized
by silver staining. All visualizing bands were excised and
digested in-gel with trypsin. The gel pieces were destained in
a mixture of 20 µL of 30 mM potassium ferricyanide and 20 µL
of 100 mM sodium thiosulfate for 10 min, and, subsequently,
washed three times with 25 mM ammonium bicarbonate and
50% (v/v) acetonitrile (ACN)/25 mM ammonium bicarbonate.
The gel pieces were reduced with 10 mM dithiothreitol (DTT)
at 56 °C for 1 h and then alkylated with 55 mM iodoacetamide
at room temperature for 45 min. The trypsin digestion was
achieved by the addition of 10 µL of 0.01 µg/µL modified trypsin
to the gel pieces and incubated overnight at 37 °C. The resulting
peptides were extracted from the gel pieces with 50% (v/v)
ACN/5% (v/v) formic acid and followed by nano-HPLC-MS/
MS analysis to identify SDS-PAGE separated proteins. The
tryptic digests were fractionated on a nano-HPLC system (LC
Packings, Amsterdam, Netherlands) coupled with an ion trap
mass spectrometer (LCQ DECA XP Plus, ThermoFinnigan, San
Jose, CA) equipped with electrospray source. The chromato-
graphic separation was achieved using a C18 microcapillary
column (75 µm i.d. × 15 cm) at a flow rate of 0.02 µL/min with
the mobile phase as 5% ACN/0.1% (v/v) formic acid (buffer A)
and 80% ACN/0.1% (v/v) formic acid (buffer B). Chromato-
graphic elution was performed using a 40 min gradient from 0
to 60% buffer B. The peptides eluted from the microcapillary
column were electrosprayed into the ESI-MS/MS by application
of distal 1.3 kV spraying voltage. Each cycle of one full scan
mass spectrum (m/z 450-2000) was followed by three data
dependent MS/MS acquisition.

Protein Identification and Database Search. The resulting
MS/MS spectra of monoisotopic peptide masses were assigned
and used for database searches performed with the Mascot
search engine (version 2.1, Matrix Science, London, U.K.)
against Swiss-Prot. The search parameters were restricted to
the human taxonomy (134 728 sequences), allowing two miss-
ing tryptic cleavages, 1 Da peptide mass tolerance for both MS
and MS/MS, and variable modifications of carbamidomethyl,
deamidation, and oxidation. The Scaffold (version Scaffold-
01_05_19, Proteome Software, Inc., Portland, OR) was used to
improve protein identification. The acceptance criteria were
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set as greater than 90.0% probability, as specified by the Protein-
Prophet algorithm,16 and contained at least two identified pep-
tides. The amino acid sequences of identified proteins were
further analyzed by various software, SignalP 3.0 for the prediction
of the presence of secretory signal peptide sequences,17,18

SecretomeP 2.0 for divining the nonsignal peptide triggered
protein secretion,19 and TMHMM for the prediction of trans-
membrane helices in proteins.20 The molecular functions of
the proteins were classified by ProteinCenter software (Proxeon,
Denmark). The gene expression profile of NPC-TW04-related
data set GSM44776 obtained from the National Center for
Biotechnology Information (NCBI) Gene Expression Omnibus
(GEO) database (http://www.ncbi.nlm.nih.gov/projects/geo/)
was used as the basis for the selection of NPC biomarker
candidates.

Western Blot Analysis. The anti-CLIC1 antibody produced
in rabbits, as previously described,21 was kindly provided by
Dr. K. H. Lin (Department of Biochemistry, Chang Gung
University, Taoyuan, Taiwan, Republic of China). Anti-alpha
actin antibody (Chemicon) was used to evaluate cell leakage
in conditioned medium, collected from ECS of the HFC system.
Twenty micrograms of secreted proteins from conditioned
media and cell extract was separated on 12% SDS-PAGE and
transferred to PVDF membranes (Millipore). The membrane
was blocked in a 5% nonfat milk solution for 1 h at room
temperature. Afterward, the membranes were probed using
anti-alpha actin and anti-CLIC1 antibody at 1:10 000 and 1:2000
dilutions, respectively, for 2 h at room temperature. Alpha-actin
and CLIC1 were detected with alkaline phosphatase-conjugated
goat anti-mouse and anti-rabbit IgG antibodies (Santa Cruz
Biotechnology) at 1:5000 dilution for 50 min at room temper-
ature and visualized with enhanced chemiluminescence
detection.

Immunohistochemistry. Immunohistochemical staining was
performed according to the procedures previously described.22

Briefly, The tissue sections were dehydrated with ethanol, then
heated in 0.01 M of citrate buffer (pH 6.0) for 45 min.
Endogenous peroxidase activities were then inactivated in 3%
hydrogen peroxide for 10 min at room temperature. The
sections were further blocked with 3% normal goat serum in
0.2 M PBS (pH 7.4) followed by incubation with primary CLIC1
antibody for 2 h at room temperature. The primary antibody
was detected using the Envision-kit (DAKO, Carpinteria, CA)
by incubating the secondary anti-rabbit antibody-coated poly-
mer peroxidase complexes (DAKO) for 30 min at room tem-
perature, followed by treatment with substrate/chromogen
(DAKO), and incubated for 1 min at room temperature. Slides
were counterstained with hematoxylin for long-term storage.
The simplified H score system was used to evaluate the
expression of CLIC1,23 which was based on the percentage of
immunopositive stained cells: 0, 0-9% cells; 1, 10-49% cells;
2, 50-89% cells, and 3, g90%, and the intensity of the cell
staining (3 (strong), 2 (moderate), 1 (weak), or 0 (no cell
staining)). The two scores were multiplied, and divided by three
to give a final score. A final score greater than 1 was defined
as a positive staining.

Sandwich ELISA. White polystyrene 96-well microtiter plates
(Corning Corp., Corning, NY) were coated with mouse anti-
CLIC1 (Abnova Corp., Taipei, Taiwan) antibodies by incubation
at 4000 ng/mL in PBS (50 µL in each well) for 1 h at 37 °C.
After removing the antibody residue mixture, the plates were
blocked by the addition of 200 µL per well of bovine serum
albumin (BSA) (Sigma) (1 mg/mL in PBS) overnight at 4 °C.

Five microliters of plasma samples from 70 NPC patients, 74
healthy controls, 43 lung cancer patients, and 45 colorectal
carcinoma patients was added to 50 µL of PBS containing 1%
BSA, and incubated for 1 h at 37 °C. A recombinant CLIC1
protein (Abnova Corp., Taipei, Taiwan) was used as a standard.
Subsequently, the rabbit anti-CLIC1 antibody (1:200 dilution
in PBS containing 1% BSA) was then applied and incubated
for an additional 1 h at 37 °C. The alkaline phosphatase-
conjugated goat anti-rabbit IgG (Santa Cruz Biotechnology,
Santa Cruz, CA) (50 µL, diluted 2000-fold in PBS containing
1% BSA) was added and incubated for 1 h at 37 °C. The
substrate 4-methylumbelliferyl phosphate (Molecular Probes,
Eugene, OR) was diluted to 100 µM with an alkaline phos-
phatase buffer (6.05 g of Tris, 8.75 g of NaCl, and 0.05 g of MgCl2

in 1000 mL of H2O), and 100 µL was added to each well. The
fluorescence was measured with a spectrofluorometer (Hidex,
Turku, Finland) with excitation and emission wavelength set
at 355 and 460 nm, respectively.

Statistical Analysis. This study used SPSS software (SPSS
12.0, Chicago, IL) and two-tailed tests, and a statistical signifi-
cant p-value of less than 0.05 was applied in all tests. The
Mann-Whitney U test and t test were used for ELISA group
analysis. The receiver operating characteristic (ROC) curve was
used to discriminate expression levels of CLIC1 in the plasma
of the NPC patients and that of the healthy controls by plotting
sensitivity versus (1 - specificity), and considering each
observed value as a possible cutoff value. The area under the
ROC curve (AUC) was calculated as an indicator for the
likelihood of the NPC markers.24,25

Results and Discussion

Profiling of NPC Cell Secretome Collected from the HFC
System. The proteins secreted from tumor cells in vivo are
believed to enter the blood circulation.26,27 These cell-type
specific or tumor specific secreted proteins detected in serum
or plasma have the potential to be used for the monitoring or
screening of particular types of diseases. Our previous study
established a platform using HFC system combined with liquid
chromatography mass spectrometry for cell secretome analy-
sis.14 We have adopted this strategy to facilitate NPC biomarker
discovery and the flowchart of the experimental design is
illustrated in Figure 1. The NPC-TW04 cells adapted in serum-
free medium were cultured in HFC system for conditioned
medium (CM) collection. The secretome in CM was separated
using a 12% SDS-PAGE, followed by visualization with silver
staining (Figure 2A). Actin is one of the most highly conserved
intracellular proteins. The presence of actin in the CM was used
to accurately indicate that intracellular protein was released
as a result of cellular lysis. The relative distribution of actin in
CM and cell extract (CE) was examined by Western blot. As
shown in Figure 2B, actin was distinctly revealed in the CE,
but was not perceptible in the CM. The average cell number
in HFC during these 2 days was 108, from which, ∼170 µg of
CM protein was obtained. The content of a single cell generally
contains about 1 ng of protein, and actin protein accounts for
20% of the total proteome. Approximately 20 000 cells, the
equivalent of 20 µg of CE, have lysed in CE. If 108 cells produced
∼170 µg of CM protein in the HFC system, then a simple ratio
would reveal that 20 µg of CM protein would be produced by
1.18 × 107 cells. If 1.18 × 107 cells represent 100% of the cells,
then 20 000 cells yield 0.17%. From this, we calculate the cell
death rate to be under 0.17% during the first 2 days in the HFC
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system. These results verify that the release of proteins into
the CM was not caused by cell lysis.

The 62 distinctive bands were individually excised for
following tryptic digestion and LC-MS/MS analysis as described
in Materials and Methods. The tandem mass spectra were
searched against the Swiss-Port database using Mascot software
for protein identification which had their probability further
improved by the program Scaffold. Protein identification was
accepted to be entered into the final list only if the identifica-
tion established a probability greater than 90.0% based on the
ProteinProphet algorithm and with at least two identified
peptides. A total of 66 proteins identified fulfill the above
requirement and are listed in Supplementary Table S3. Their
peptide sequences and spectra are shown in Supplementary
Table S4 and Supplementary Figure S1.

The NPC-TW04 cell secretome was previously described by
Wu and co-workers.22 The conditioned medium was harvested
from the cells incubated in a serum-free medium using a
conventional dish culture for 24 h for the collection of secreted
proteins. A total of 32 proteins from the conditioned medium
were identified using SDS-PAGE combined with MALDI-TOF
MS. With the incorporation of different platforms and strategys,
we have identified over 50% of those proteins reported by Wu
et al. and the proteins were annotated in the Supplementary
Table S3.

Distribution and Ontology Analysis of the Identified
Proteins. To predict the secretion pathways, 66 identified
proteins were further analyzed using SignalP 3.0, SecretomeP
2.0 and TMHMM to predict the possibility of protein secretion
through classic secretion pathways or nonclassic secretion
pathways and the presence of transmembrane domains in the
protein sequence. According to the prediction, 56.1% (37/66)
of the identified proteins could be released into CM of NPC-
TW04 cells (Supplementary Table S3). Previously, the proteome
of exosome, one of the protein secretion pathways, has been
profiled.28-30 An additional 15.2% (10/66) of identified proteins
from NPC secretome were also found in exosome secretome
as annotated in Supplementary Table S3. Collectively, 71.2%
(47/66) of the identified proteins could be secreted from NPC
cells via the various mechanisms.

The molecular functions of the identified proteins were
classified by ProteinCenter software as shown in Figure 3.
Among the 66 identified proteins, 81.8% (54/66) and 71.2% (47/
66) proteins possessed molecular functions related to catalytic
activity and protein binding, respectively. The proteins classi-
fied with catalytic activity possess specific binding sites for
substrates and, thus, cause the catalysis for a biochemical
reaction. For instance, members of the cathepsin family,
including serine, cysteine or aspartate protease, are often found
in lysosomes and become activated at low pH. They play

Figure 1. Outline of experimental workflow for NPC-TW04 cell
secretome analysis, and potential biomarker selection.

Figure 2. (A) SDS-PAGE analysis of NPC-TW04 cells conditioned
medium harvested from the HFC system. The 62 visualized
protein bands were marked, numbered, and individually excised
for tryptic digestion and LC-MS/MS analysis. Lane Secretome
denotes conditioned medium from HFC system. Lane Marker,
molecular weight markers. (B) Proteins (20 µg) from the condi-
tioned medium (CM) and cell extracts (CE) underwent Western
blot analysis using an anti-alpha actin antibody.
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important roles in cancer progression. Many members of the
cathepsin family are identified by the strategy applied in the
current study. Cathepsin A is a tumor-associated enzyme, and
it may function together with other proteinases in extracellular
proteolysis. Following its secretion from tumor or tumor-
associated cells, it may participate in malignant transformation
and metastasis.31 Cathepsin B expression is increased in many
human cancers at mRNA, protein expression and activity levels.
Cathepsin B is also secreted from tumor cells, a mechanism
likely to be facilitated by lysosomal exocytosis or extracellular
processing of surface activators. Increased expression of cathe-
psin B suggests that this enzyme might have pro-apoptotic
features, and has been linked with tumor invasion and me-
tastasis.32 During tumor progression, cathepsin D can directly
or indirectly stimulate cancer cells proliferation and tumor
angiogenesis, as well as independently of its proteolytic activity,
might provide some protection against tumor apoptosis by
proteolysis.33 Both galectin-3-binding protein and E-cadherin
among the 47 identified proteins exhibit the protein binding
activity, which indicates that these proteins can selectively
interact with other proteins or protein complexes. Galectin-3-
binding protein is a secreted glycoprotein, known to enhance
both cell-cell and cell-extracellular matrix adhesion through
its ability to bind collagens, fibronectin, and nidogen.34,35

However, the exact functions are not well-understood. E-
cadherin is a transmembrane glycoprotein, calcium-dependent
cell-cell adhesion molecule, as well as the principal component

of adherence junctions in epithelial cells. Intercellular adhesion
through E-cadherin is controlled by its association with the
catenin family proteins. These associations contribute to the
regulation of diverse cellular processes, such as cell polariza-
tion, aggregation, and migration.36 During the process of cancer
development, down-regulation of E-cadherin played a crucial
role in the progression of a well-differentiated adenoma to an
invasive carcinoma.37 E-cadherin is therefore considered to act
as a tumor suppressor.38

Selection of Potential NPC Biomarker. To discriminate
potential NPC markers among the 66 identified proteins, the
proteins whose mRNA levels were over 2-fold in NPC-TW04
cell line compared with those in normal nasal epithelia were
selected as primary candidates. The cDNA microarray data set
GSM44776, which compared the gene expression levels of NPC-
TW04 cells versus normal nasal mucosal epithelia and was
obtained from Gene Expression Omnibus (GEO) database of
National Center for Biotechnology Information (NCBI),39 was
used to distinguish the gene expression levels of 66 identified
proteins in our study. With the use of 2-fold overexpression as
a criteria, 14 proteins whose mRNA levels were recognized,
including alpha-enolase, annexin A1, aspartate aminotrans-
ferase, chloride intracellular channel protein 1 (CLIC1), collagen
alpha-1(VII) chain, DNA damage-binding protein 1, epithelial-
cadherin, farnesyl pyrophosphate synthetase, glutathione syn-
thetase, L-lactate dehydrogenase B chain, serpin B6, triosephos-
phate isomerase, transketolase, and transforming growth factor-
beta-induced protein ig-h3 (Table 1).

The proteins alpha-enolase, DNA damage-binding protein
1, transforming growth factor-beta-induced protein ig-h3,
transketolase, and triosephosphate isomerase were revealed in
cell conditioned media in over 4 different types of cancers
based on previous researches.40-42 These proteins may be
applied as general cancer screening markers, but not suitable
for specific type of cancer. For instance, alpha-enolase (ENO1)
has been considered as a diagnostic marker for variety types
of cancers, including lung cancer, neuroblastoma, brain cancer,
and oral cancer.43-48

The metabolism-related proteins, including aspartate ami-
notransferase (AST), farnesyl pyrophosphate synthetase, glu-
tathione synthetase, and L-lactate dehydrogenase B chain, may
cause the metabolic derangements in cancer cells. The altered
metabolism of cancer cells is likely to imbue them with several
proliferative, survival advantages, avoidance of apoptosis, and

Figure 3. Classification of 66 identified proteins by the molecular
functions.

Table 1. A Total of 14 Potential Tumor Marker Candidates for NPC

accession
number protein name

protein
prob. (%)

unique
peptide
number

matched
peptide
number

gene
name

molecular
weight
(amu)

cDNA
microarray

value

P06733 Alpha-enolase 100 8 17 ENO1 47152.2 2.56
P04083 Annexin A1 100 4 5 ANXA1 38697.9 2.13
P00505 Aspartate aminotransferase, mitochondrial 100 4 6 GOT2 47458.6 2.85
O00299 Chloride intracellular channel protein 1 98 2 2 CLIC1 26905.3 2.08
Q02388 Collagen alpha-1(VII) chain 95 2 3 COL7A1 295199.5 2.49
Q16531 DNA damage-binding protein 1 98 2 2 DDB1 126952.2 2.45
P12830 Epithelial-cadherin 100 2 2 CDH1 97439.6 2.05
P14324 Farnesyl pyrophosphate synthetase 100 2 5 FDPS 40515.6 3.13
P48637 Glutathione synthetase 100 5 8 GSS 52367.9 2.66
P07195 L-lactate dehydrogenase B chain 100 6 10 LDHB 36620.6 7.33
P35237 Serpin B6 98 2 2 SERPINB6 42572.7 2.21
Q15582 Transforming growth factor-beta-induced protein ig-h3 100 5 9 TGFBI 74664.9 2.49
P29401 Transketolase 100 6 16 TKT 67861.4 2.56
P60174 Triosephosphate isomerase 100 5 8 TPI1 26651.1 2.06
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several vulnerabilities of cancer cells.49 However, abnormal
phenomena of metabolism are due to not only carcinogenesis,
but also other factors, such as diet preference, cardiovascular
disease, diabetes, and so forth. For example, low levels of AST
are normally found in the blood, but when body tissue or an
organ such as the heart or liver is ill or damaged, additional
AST is released into the bloodstream. The amount of AST in
the blood is directly related to the extent of the tissue damage.
Higher LDH levels in blood has been reported to be associated
with melanoma, leukemia, metastatic colon cancer, Ewing’s
sarcoma, and advanced NPC.50-55 Therefore, these markers
cannot function as diagnostic marker of a particular type of
cancer.

The epithelial-cadherin had been reported to be the potential
serum marker for diabetes, gastric carcinoma, and colorectal
cancer.56-58 The expression level of Serpin B6 was found up-
regulated in serum proteome of gastric cancer patients com-
pared with normal control.59 In addition, annexin A1 had been
detected in patient sera of idiopathic pulmonary fibrosis.60

These proteins can be used as serum or plasma marker for
screening or monitoring diseases, but lack the specificity for
NPC. After eliminating the proteins that lack specificity for NPC,
only two proteins, the chloride intracellular channel protein 1
(CLIC1) and collagen alpha-1(VII) chain (COL7A1), remained
on our list. While COL7A1 cannot be detected in CM of NPC-
TW04 or in cell lysate by Western blot (data not shown), CLIC1
remained as the most promising and the only candidate for
further investigation as a potential novel biomarker of NPC.

CLIC1’s protein sequence reveals that it is without a signal
peptide and transmembrane domains, which was all predicted
by the secretion prediction software (Table 1 and Supplemen-
tary Table S3). The exocytosis of membranous vesicles, called
exosomes, was first described in professional antigen-present-
ing cells such as B-lymphocytes and dendritic cells,61,62 and
was later found to also occur in tumor cell lines, and presum-
ably in a variety of different normal and transformed cell
types.63 Typical constituents of exosomes include ubiquitously
expressed molecules such as intracellular metabolic enzymes
(alpha enolase), cytoskeletal proteins (actin and moesin), and
heat shock proteins.30,64,65 Part of them could also be found
in the NPC-TW04 secretome (Supplementary Table S3). Thus,
it is possible that some of the proteins identified in this study
could be released into conditioned media through the secretion
of exosomes. Furthermore, it has been reported that CLIC1
could be detected in the exosomes of human urine (Supple-
mentary Table S3).30 We speculated that CLIC1 may be released
to the CM of NPC-TW04 via exosome pathway. Although we
can not completely rule out the possibility that some proteins
may be released into the medium by cell death, the abundant
cytosolic protein, alpha-actin, was barely detectable by Western
blotting in CM from NPC-TW04.

Potential NPC Biomarker CLIC1. CLIC1, also known as
NCC27, is a member of the CLIC family. The family defined by
a C-terminal core segment of 230 amino acids has significant
structural homology with glutathione-S-transferase66 and con-
tains seven members, including CLIC1-5, p64, and parchorin.67

CLIC1 clearly functions as a chloride channel, much like other
CLIC family members, and possesses the biological activities
that regulate cell volume and acidity of intracellular organelles.
CLIC1 exists in cells as an integral membrane protein as well
as a soluble cytoplasm protein. These phenomena indicate that
CLIC1 might cycle between membrane-inserted and soluble
forms.67

The biological significance of CLIC1 in cancer progression
remained to be understood; CLIC1, however, was found to
participate in the development of Alzheimer’s disease. A major
characteristic of Alzheimer’s disease is the accumulation of
extracellular �-amyloid (A�) into plaques in the brain. A�
promotes the acute translocation of CLIC1 from the cytoplasm
to the microglia cell membrane, resulting in the appearance
of an anion conductance within minutes. This conductance,
in response to redox modulation by NADPH oxidase-derived
reactive oxygen species (ROS), provides a feed-forward mech-
anism that facilitates sustained microglial ROS generation by
the NAPDH oxidase in microglia.68 It is plausible to presume
that CLIC1 may also induce the generation of ROS during the
process of carcinogenesis similar to what was discovered in
the study for Alzheimer’s disease. During the process of cancer
progression, cancer cells can generate constitutively ROS, which
are thought to promote cell proliferation, cell motility, invasion,
metastasis and angiogenesis.69,70 In terms of the evidence of a
relationship between CLIC1 and ROS in Alzheimer’s disease,
whether the CLIC1 plays the same role in cancer is still
unknown. Previous studies point out that overexpression of
CLIC1 modulates cell division and/or antiapoptosis signaling,71

and the CLIC1 protein and intracellular chloride channels have
been implicated in modifying cell cycle, apoptosis, cell adhe-
sion, and cell motility.72 Actually, the definite role of CLIC1 in
cancer progression is unclear at the present time.

Recently, Chen et al. suggested that CLIC1 is a novel potential
prognostic and therapeutic target in gastric carcinoma. CLIC1
protein was significantly up-regulated in 67.9% (38 of 56) gastric
carcinoma patients. The average of CLIC1 expression in those
56 patients was 1.95-fold in cancerous tissues as compared to
those in the normal gastric mucosa. Elevated CLIC1 expression
was strongly correlated with lymph node metastasis, lymphatic
and perineural invasion, pathological staging, and poor survival
rates.21 In other types of cancers, the tissue levels of CLIC1
protein were estimated to be 1.8-fold in cervical carcinoma,
3.5-fold in liver cancer,21 3.3-fold in breast ductal,68 and 1.98-
to 3.04-fold in colorectal cancer.73 CLIC1 were consistently
overexpressed >3-fold in all colorectal cancer tissue samples,
as compared with normal tissues by 2D-GE analysis. Further-
more, CLIC1 has been identified as a secreted protein of
immature dendritic cells (the PRoteomics IDEntifications da-
tabase, PRIDE, accession No. 8858-61), mature dendritic cells
(PRIDE, accession No. 8875-6), and fibroblasts (PRIDE, acces-
sion No. 8931). Although CLIC1 is recognized as a potential
tissue marker for various types of cancers and could be
identified as a secreted protein of various cell lines, CLIC1 has
not been proven as a potential blood marker for any type of
disease.

Detection of CLIC1 in NPC Cell Conditioned Media and
Human Tissue Samples. To determine the clinical relevance
of our finding, the levels of chloride intracellular channel
protein 1 (CLIC1) were further confirmed in CM of NPC cell
lines and clinical specimens of NPC patients. As shown in
Figure 4, CLIC1 was distinctly detected in the CM from the
different types of NPC cell lines, including keratinizing carci-
noma (NPC-TW02), undifferentiated carcinoma (NPC-TW04),
and bone-marrow metastasized NPC (NPC-BM1), indicating
CLIC1 could be secreted from different NPC cell types.

Following this, the Human Protein Atlas (HPA, version 5.0,
http://www.proteinatlas.org/index.php) was consulted to evalu-
ate the CLIC1 expression in human tissues.74 There were two
CLIC1 antibodies and eight head and neck cancer (HNC) tissues
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available in the HPA (Supplementary Figure S2). CLIC1 is
weakly positive or negative staining in both normal nasophar-
ynx and HNC tissues (Supplementary Figure S2). However, the
eight HNC tissues in the HPA include five oral squamous
carcinoma and three salivary adenocarcinoma tissues, not NPC
tissues. Among most cancer tissues examined in the HPA,
CLIC1 staining is also weakly positive or negative except for
colon, liver, and gastric cancers (Supplementary Figure S2). It
is notable that the CLIC1 staining patterns using both antibod-
ies are inconsistent (Supplementary Figure S2); indeed, the two
antibodies have gotten low scores for CLIC1 immunohis-
tochemical analysis in the HPA.

The CLIC1 protein expression in 40 NPC tissue sections was
further examined by immunohistochemistry. Positive CLIC1
staining was detected in 75% (30/40) of cancer tissue samples.
Three representative cases of positive staining are shown in
Figure 5 (left panels). The antibody selectively stained the
cytoplasm of cancer cells, while showing little staining of
adjacent noncancer epithelial cells in the majority of the
samples examined (Figure 5, right panel). Among the 40 NPC
tissue sections examined, 25 sections harbored noncancerous
epithelial cells, 68.0% (17 sections) were negative for CLIC1
expression, 16.0% (4 sections) were weakly positive, and 16.0%
(4 sections) were moderately positive. The observation infers
that CLIC1 was highly expressed in NPC surgically removed
samples, but rarely appeared in non-NPC tissues. Our results
provide valuable evidence that the expressions of CLIC1 in
cancerous and normal nasopharynx biopsies are significantly
different which increases the possibility of CLIC1 to be a
promising NPC biomarker candidate.

Evaluation of CLIC1 as a Plasma NPC Biomarker. As CLIC1
was overexpressed in NPC tissues and could be detected in the
secretome of NPC cell lines, we speculated that we may be able
to detect CLIC1 in plasma samples of NPC patients. To examine
this possibility, a sensitive fluorimetric sandwich ELISA was
established to detect the presence of CLIC1 in plasma. Plasma
samples of 70 NPC patients and 74 healthy controls were
examined. The plasma levels of CLIC1 were significantly higher
in the 70 NPC patients than those of the 74 healthy controls
(mean ( SD, 16.38 ( 26.53 vs 2.39 ( 5.32 µg/mL, p ) 0.00005)
(Figure 6A). A receiver operating characteristic (ROC) curve
analysis was used to further evaluate the diagnostic efficacy of
CLIC1. The area under the ROC curve (AUC) was determined
to be 0.74 (95% CI, 0.652-0.818) for CLIC1 (Figure 6B). When
a cutoff point of 2.58 µg/mL was chosen for CLIC1 to discrimi-
nate NPC patients from healthy controls, sensitivity and
specificity values were 63% and 77%, respectively. There were

no statistical differences between the plasma CLIC1 levels of
the primary tumor stage T1/T2 (N ) 34) and T3/T4 (N ) 36)
(13.3 ( 22.22 vs 19.28 ( 30.06 µg/mL, p ) 0.246), nor is there
any difference between lymph node metastasis stage N0/N1
(N ) 35) and N2/N3 (N ) 35) (14.2 ( 22.47 vs 18.55 ( 30.22
µg/mL, p ) 0.44). The overall tumor satge I/II (N ) 22) and
III/IV (N ) 48) (13.67 ( 26.13 vs 17.62 ( 26.89 µg/mL, p )
0.198) shows no statistical difference in this case-control study
either (Figure 6C).

To test whether CLIC1 could be a marker specific to NPC,
we have determined the plasma level of CLIC1 in patients
suffering from other diseases, including lung cancer and colon
cancer. Compared with healthy controls (N ) 70, 2.39 ( 5.32
µg/mL), the plasma CLIC1 levels were not statistically different
in the patients suffering from lung (N ) 43, 4.15 ( 5.12 µg/
mL, p ) 0.081) and colon cancer (N ) 45, 2.96 ( 4.92 µg/mL,
p ) 0.557) (Figure 6A). The results suggest that CLIC1 might
represent a relatively specific marker for NPC. The potential
of CLIC1 as a NPC marker remains to be evaluated using a
larger series of plasma specimens, but these early results seem
promising.

NPC produces few symptoms in its primary stage, and hence,
most NPC patients are diagnosed at advanced stages during
their first visit to an otorhinolaryngologist.2 As an insidious
tumor, NPC often metastasizes to lymph nodes, or other
organs, before it is discovered, and distant metastasis is the
leading cause of mortality for NPC patients.4 Therefore, the
plasma biomarker for early detection of NPC is critical for

Figure 4. Western blot analysis of CLIC1 in three different type
NPC cell conditioned media (CM). Twenty micrograms of proteins
from conditioned media of each NPC cell lines was separated in
12% SDS gel, transferred onto a PVDF membrane, and then
probed with CLIC1 antibody against the indicated target proteins.
(NPC-TW02, NPC-TW04, and NPC-BM1 derived from keratinizing
carcinoma, undifferentiated carcinoma, and metastasized tumor
cells in the bone marrow, respectively.)

Figure 5. Immunohistochemical staining of CLIC1 in NPC tissues
derived from 3 of 40 NPC patients. Tumor cells with positive for
CLIC1 staining, as well as adjacent benign epithelial cells of with
negative for CLIC1 staining. Original magnification: 200×.
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management of this disease. Further analysis of the plasma
CLIC1 level revealed that its level was significantly higher in
the early stages of primary tumor (TNM-T1/T2, N ) 34, 13.3 (
22.22 µg/mL, p ) 0.0001), lymph node metastasis (TNM-N0/
N1, N ) 35, 14.2 ( 22.47 µg/mL, p ) 0.00005), and overall early
TNM stage (TNM-I/II, N ) 22, 13.67 ( 26.13 µg/mL, p )
0.00233) compared to the healthy controls (N ) 74, 2.39 ( 5.32
µg/mL) (Figure 6D). The results suggest that CLIC1 could be a
potential plasma marker for NPC early detection.

This is the first report for the detection of CLIC1 in blood
samples and used for the purpose as NPC plasma marker. Our
results suggest that CLIC1 may be a novel biomarker for NPC
diagnosis, or prognosis, and even for early screening. The
possible use of CLIC1 as an NPC biomarker remains to be
evaluated with larger clinical tests.

Conclusion

The established strategy of the HFC system combined with
proteomics technology for cell secretome analysis was used to
discover NPC plasma biomarkers in this study. A total of 66
proteins were identified as released from NPC cells. With the
assistance of bioinformatics analysis, CLIC1 was sieved out as
a NPC biomarker candidate, and was further demonstrated in
the expression levels of tissue and plasma samples. Ap-
proximately 75% of the examined NPC tumor tissue specimens
were positive for CLIC1 staining, and the plasma levels of CLIC1
were significantly higher in the NPC patients, as compared to
the healthy controls. The AUC was determined to be 0.74 for
CLIC1 and sensitivity and specificity values were 63% and 77%,

respectively, with threshold set at 2.58 µg/mL. The correlation
between the CLIC1 plasma levels of the healthy controls and
that of the NPC patients with early TNM stages had statistically
significant differences. The outcome may illustrate how CLIC1
could apply as an early screening marker. This is the first time
that CLIC1 was identified by proteomics analysis of NPC cell
secretome collected with the HFC system and also detected in
plasma levels. These results collectively support that the
analytical platform of NPC cell secretome could be a practical
tactic for NPC plasma biomarker discovery, and in addition,
exhibited that CLIC1 may represent a target for further devel-
opment of diagnostic markers and/or therapeutic strategies for
NPC.
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Supporting Information Available: Figures of the
peptide spectra of 66 identified proteins and CLIC1 expression
profiles in the Human Protein Atlas using CAB020825 and
CAB020825 antibodies. Tables of clinicopathological charac-
teristics of cancer patients and healthy controls in CLIC1 ELISA,
characteristics of NPC patients in CLIC1 immunohistochemical

Figure 6. Elevated CLIC1 levels in NPC plasma samples. (A) The plasma CLIC1 levels of healthy controls (N ) 74), NPC patients (N )
70), lung cancer patients (N ) 43), and colon cancer patients (N ) 45) were measured by sandwich ELISA using 5 µL of plasma samples.
(B) ROC curve analysis of the diagnostic efficacy of CLIC1. (C) The correlation of CLIC1 plasma levels between the early and late TNM
stages of NPC. (D) The correlation of CLIC1 plasma levels between the healthy controls and the early TNM stages of NPC.
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available free of charge via the Internet at http://pubs.acs.org.
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