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Patients with advanced head and neck squamous cell
carcinoma (HNSCC) have a poor prognosis with the cur-
rently available therapy, and tumor recurrence is fre-
quently observed. The discovery of specific membrane-
associated cancer stem cell (CSC) markers is crucial for
the development of novel therapeutic strategies to target
these CSCs. To address this issue, we established sphere
cultures to enrich CSCs and used them for plasma mem-
brane proteomics to identify specific membrane signa-
tures of the HNSCC spheres. Of a dataset that included a
total of 376 identified proteins, 200 were bona fide mem-
brane proteins. Among them, 123 proteins were at least
1.5-fold up- or down-regulated in the spheres relative to
the adherent cultures. These proteins included cell adhe-
sion molecules, receptors, and transporter proteins.
Some of them play key roles in wnt, integrin, and TGF�
signaling pathways. When we compared our dataset with
two published hESC membrane protein signatures, we
found 18 proteins common to all three of the databases.
CD166 and CD44 were two such proteins. Interestingly,
the expression of CD166, rather than that of the well-
established HNSCC CSC marker CD44, was significantly
related to the malignant behavior of HNSCC. Relative to
CD166low HNSCC cells, CD166high HNSCC cells had a
greater sphere-formation ability in vitro and tumor forma-
tion ability in vivo. Patients whose tumors expressed high
levels of CD166 had a significantly poorer clinical out-
come than those whose tumors expressed low levels of
CD166 (cohort 1: 96 cases, p � 0.040), whereas the level of
CD44 expression had only a marginal influence on the
clinical outcome of patients with HNSCC (p � 0.078). The

level of CD166 expression in HNSCC tumors was also
associated with the tumor recurrence rate (cohort 2: 104
cases, p � 0.016). This study demonstrates that CD166
is a valuable cell surface marker for the enrichment of
HNSCC stem cells and that plasma membrane proteomics
is a promising biological tool for investigating the mem-
brane proteins of CSCs. Molecular & Cellular Proteomics
12: 10.1074/mcp.M112.025460, 3271–3284, 2013.

Head and neck squamous cell carcinoma (HNSCC)1 is the
sixth most common cancer worldwide. Despite ongoing im-
provement in traditional treatments, the long-term survival
rate of patients with HNSCC has not significantly improved
over the past several decades. More than 60% of patients
with advanced tumors or localized lymph node metastases
die within five years of their diagnosis (1). Tumor recurrence
and resistance to therapy are the major causes of death.
Recently, newly recognized cancer stem cells (CSCs) or tu-
mor-initiating cells have been associated in a cause-and-
effect manner with tumor recurrence and resistance to ther-
apy. The concept of CSCs was established because of the
heterogeneous nature of cancer and suggests that CSCs are
a subpopulation of cancer cells with stem-cell-like traits and
the source of all cells in the cancer. Conventional cancer
therapies such as chemotherapy and radiotherapy may de-
stroy only those cells that form the bulk of the tumor, leaving
the CSCs intact and able to give rise to tumor recurrence.
Based on this theory, researchers are searching for therapies
that would destroy CSCs in the hope of finally curing cancer
(2). In order to develop strategies that target CSCs, experi-
mental assays are required to determine how to distinguish
CSCs from their progeny. Different methods have been used
to isolate CSCs from a range of hematopoietic and solid
tumors, and some CSC-specific cell surface markers have
been found. These markers are primarily selected from the
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corresponding normal stem-cell markers based on their het-
erogeneous expression in the pertinent cancers. Despite
some controversy, the CD34�CD38- marker signature was
chosen to define the CSCs of leukemia (3), the CD44�CD24-
signature was chosen to define breast cancer CSCs (4), and
the CD44 marker was chosen to define the CSCs of HNSCC
(5). Though membrane proteins represent only one-third of
the proteins encoded by the human genome, they represent
more than two-thirds of the known protein targets of drugs.
These cell surface markers are not only useful for enriching
CSCs from different tumors, but also of significant interest for
drug discovery.

However, as more cell surface markers for different cancers
have been identified, conflicting results have been reported
regarding the usefulness of some of the markers and the
reproducibility of some of the marker profiles (6). Quintana et
al. examined the expression of 22 common CSC markers in
melanoma and found that none of them were exclusively
enriched in tumorigenic cells relative to non-tumorigenic cells
derived from melanoma (7). CD133 is a widely accepted cell
surface marker for glioblastoma CSCs, but Beier et al. found
that some glioblastoma CSCs were CD133- (8). CD44 is a
CSC marker that is commonly expressed by different malig-
nancies of hematopoietic and epithelial origin, including
HNSCC (5). However, increasing data have demonstrated a
high level of expression of CD44 in the great majority of cells
in head and neck tissues, including normal mucosa and car-
cinomas, and its subsequent expression could not be used to
distinguish normal from benign or malignant epithelia of the
head and neck. These observations suggest the need for a
comprehensive investigation and greater understanding of the
cell surface molecules of CSCs.

Many different “omic” technologies have shown promise as
means to identify markers for cancer stem cells and tumors
(9). Among them, membrane proteomics can directly detect
changes in the cell surface content and provide insights into
the post-translational regulation of cell surface functions.
Therefore, in this study, we chose to use membrane proteom-
ics both to investigate the cell surface molecules of CSCs that
were enriched from the HNSCC cell populations based on
their ability to form spheres and to relate their expression to
that of stem cell traits. Our results may contribute to further
clinical applications of CSCs by providing tools for purifying
and identifying CSCs.

EXPERIMENTAL PROCEDURES

Cell Culture—Four HNSCC cell lines (i.e. CAL27, WSU-HN6, WSU-
HN12, and WSU-HN13) were grown in DMEM supplemented with
10% fetal bovine serum or in tumor sphere medium consisting of
serum-free DMEM/F12, N2 supplement, 10 ng/ml of human recom-
binant bFGF, and 10 ng/ml of EGF. The cells were plated at a density
of 1 � 105 live cells/10-mm dish, and the medium was changed every
other day until spheres were observed, �3 to 4 weeks later.

Confocal Microscope Analysis of the Expression of Stem Cell Mark-
ers—The adherent cells and the microspheres were placed onto glass

coverslips, washed twice with PBS, and fixed with 4% paraformal-
dehyde on ice for 30 min. After blocking in 10% goat whole serum for
2 h, the cells were incubated with primary antibodies at 4°C overnight.
The primary antibodies were mouse monoclonal anti-ABCG2 (Abcam,
Cambridge, MA, 1:40), mouse monoclonal anti-Bmi-1 (Millipore, Bil-
lerica, MA, 1:100), mouse monoclonal anti-CD29 (Ebioscience, San
Diego, CA, 1:50), mouse monoclonal anti-EpCAM (Abcam, Cam-
bridge, MA, 1:100), mouse monoclonal anti-CD140 (Ebioscience,
1:50), rabbit polyclonal anti-CD166 (Epitomics, Burlingame, CA, 1:50),
mouse monoclonal anti-CD44 (Epitomics, 1:50), purified mouse IgG1
(Ebioscience, 1:50), and rhodamine phalloidin (Invitrogen, Grand Is-
land, NY, 1:200). After washing with PBS containing 0.02% Tween 20,
Alexa Fluor 488 IgG F(ab�)2 fragment (Invitrogen, 1:200) was added to
the coverslips for a 1-h incubation in a dark chamber. The coverslips
were washed with PBS containing 0.02% Tween 20 and stained with
0.5 mg/ml of 4�,6-diamidino-2-phenylindole. Cells in three randomly
selected fields were counted under 200-fold magnification using a
Leica TCS SP2 confocal spectral microscope to calculate the per-
centage of positive cells.

In Vivo Tumorigenicity of Adherent Cells and Cells in Spheres in
HNSCC Cell Cultures—The animal experiments were performed in
accordance with the institutional guidelines for the use of laboratory
animals. Four-week-old BALB/C nude mice were supplied by the
Shanghai Experimental Animal Center, Chinese Academy of Sci-
ences, Shanghai, China. To assess the in vivo tumorigenicity of the
adherent cells and cells that formed spheres in cultures of HNSCC,
CAL27, and WSU-HN13 cells, 1 � 105, 1 � 104, and 1 � 103 tumor
cells, respectively, of the two types of cells of each line were bilater-
ally subcutaneously injected into 18 nude mice in 100 �l of medium/
Matrigel (1:1), yielding three mice per group. Tumor development was
monitored every other day until sacrifice. The volumes of the tumors
were calculated using the following formula: volume � (length �
width2)/2. At 16 weeks post-transplantation or whenever the tumor’s
volume was greater than 150 mm3, the mice were sacrificed. The
tumors were excised and fixed with 10% neutral buffered formalin
before paraffin embedding and sectioning.

Isolation and Preparation of Membrane Proteins—Membrane pro-
teins were isolated using a Pierce cell surface protein isolation kit
(Thermo). The cells were first labeled with EZ-Link Sulfo-NHS-SS-
Biotin, a thiol-cleavable amine-reactive biotinylation reagent. Then,
the cells were collected and precipitated via centrifugation at 500 � g
for 3 min. The pellets were subsequently washed twice with TBS and
lysed with lysis buffer, and the labeled proteins were isolated using
NeutrAvidin Agarose. The bound proteins were released via incuba-
tion with SDS-PAGE sample buffer containing 50 mM DTT. The pro-
teins were diluted and quantified using the Pierce BCA protein assay
reagent (Thermo).

One-dimensional SDS-PAGE and Standard In-gel Digestion—For
this assay, we mixed equal amounts of the total membrane proteins
isolated from the spheres or the adherent cells derived from the four
HNSCC cell lines to create a sphere group and an adherent group.
For each group, 50 �g of total membrane protein was dissolved in
SDS-PAGE loading buffer, boiled for 10 min, and loaded onto an 8%
SDS-PAGE (1.5-mm-thick) gel. After silver staining, 25 equally spaced
pieces of gel were excised from each lane, spanning 40 to 300 kDa.
The proteins in each gel piece were reduced by treatment with 50 mM

DTT in 100 NH4HCO3 for 45 min at 56°C and were alkylated by
treatment with a solution of 55 mM iodoacetamide in 100 mM

NH4HCO3 in the dark for 1 h at room temperature. After washing, the
gel pieces were dehydrated with acetonitrile and dried using a Speed-
Vac instrument. Trypsin (12.5 ng/�l in 25 mM NH4HCO3, pH 8.0) was
added to each gel piece, and the pieces were allowed to swell at 4°C
for 30 min. The excess trypsin was removed and replaced with 25 mM

NH4HCO3, 10% acetonitrile, pH 8.0. The mixture was incubated
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overnight at 37°C. The digest was collected, and the peptides were
extracted twice with 50% acetonitrile/0.5% formic acid. The com-
bined extracts were then dried in a SpeedVac instrument for subse-
quent LC-MS/MS analysis.

LC-MS/MS—The peptides were separated via reverse-phase na-
no-liquid chromatography using an Agilent 1200 Series nano-LC sys-
tem equipped with an orthogonal nanospray ion source HPLC-Chip
Cube MS interface coupled to a 1200 Series LC/MSD Trap XCT Ultra
ion trap mass spectrometer (all from Agilent Technologies, Santa
Clara, CA). The system was equipped with an HPLC-Chip (Agilent
Technologies) that incorporated a 40-nl enrichment column and a 75
mm � 150 �m analytical column that was packed with 5-�m Zorbax
300SB-C18 particles. The peptides were loaded with 98% solvent A
(0.1% formic acid in water) and 2% solvent B (0.1% formic acid in
90% acetonitrile) at a flow rate of 4 �l/min. A stepwise gradient of
5%–15% solvent B for 10 min, 15%–30% solvent B for 60 min,
30%–90% solvent B for 20 min, 90% solvent B for 10 min, and
95%–5% B for 5 min was used to separate the peptides. The total run
time, including the time required for column reconditioning, was 120
min.

The LC/MSD Trap XCT Ultra system was operated in the standard
enhanced-scan mode with positive ionization. The drying gas flowed
at 4 l/min at a temperature of 325°C. The capillary was set to 1.8 kV
with the skimmer at 40 V, and the capillary exit was set to 158.5 V. The
trap drive was set to 82.9 V. The ion charge control was on, with a
maximum accumulation time of 200 ms; the smart target was
500,000, and the MS scan range was 400–1800 m/z, with an average
of 2. Automatic MS/MS was performed in the ultrascan mode, with
the number of precursor ions set at 3, the fragmentation amplitude set
at 1.00 V, the active exclusion on (after 2 spectra for 0.5 min), the
exclusion of singly charged ions on, an MS/MS scan range of 100–
2200 m/z, and ultrascan on.

Protein Identification—MS/MS spectra were used to search the
SwissProt human database using the Spectrum Mill MS Proteomics
Workbench software (Agilent Technologies, Rev. A.03.03.084). Peak
lists were created using the Spectrum Mill Data Extractor program
with the following attributes: scans with the same precursor � 1.4 m/z
were merged within a time frame of �15 s. Precursor ions had a
minimum signal-to-noise value of 25. Charges up to a maximum of 7
were assigned to the precursor ion, and the 12C peak was deter-
mined by Data Extractor. The SwissProt human protein database
(version 56.9, 20,402 sequences) was searched for tryptic peptides
with a mass tolerance of �2.5 Da for the precursor ions and a mass
tolerance of �0.7 Da for the fragmentations. The search parameters
included the fixed/static modification of carbamidomethylation of
cysteines, trypsin digestion with two missed cleavages, and variable
modifications including oxidized methionines and pyroglutamic acid
(supplemental Table S1). The false positive rate was estimated by
repeating the process using a database in which all of the protein
sequences were reversed. All of the protein hits found in a distinct
database search using Spectrum Mill software were nonredundant.
To eliminate redundancy, the protein summary mode groups all of the
proteins that have at least one common peptide, but only the highest
scoring member of each protein group is shown and counted in the
protein list. After the Spectrum Mill auto-validation tools (e.g. “Auto-
validate after Search”) and their default settings had been accepted,
spectra and protein identities that fulfilled the workbench scoring
threshold criteria peptide modes were selected (supplemental Table
S1). The number of proteins that passed these thresholds was used to
calculate the false positive rate using the formula 100 � (2 � number
of decoy database IDs)/total IDs. No proteins were identified in the
reversed database, so the estimated overall false positive identifica-
tion rates were 0% among the six LC-MS/MS runs. The annotated
spectra for all those single peptide identifications are listed in sup-

plemental Table S2 and supplemental Fig. S1. In addition, all of the
experiments described above were repeated thrice, and those pro-
teins that appeared more than twice were used in the follow-up
analysis.

In order to compare the proteomes of cells in spheres and adherent
cells, we calculated the MS/MS spectral counts of proteins and
normalized them to the total spectral count of each raw dataset. The
ratios of the normalized protein spectral counts of cells in spheres to
those of adherent cells were calculated. Proteins with a ratio of
greater than 1.5 were considered to be up-regulated in the spheres,
and proteins with a ratio of less than 0.667 were considered to be
down-regulated in the spheres.

Protein Annotation—The subcellular localization information was
predicted using five different databases. Ingenuity Pathway Analysis
Knowledge Base (build version: 131235; content version: 11904312;
release date: December 15, 2011) was used to derive extracted
proteins located on the “plasma membrane.” Transmembrane hidden
Markov model protein sequences were downloaded using their UNI-
PROT accession number, and transmembrane helices were predicted
by comparing the protein sequences against the transmembrane
hidden Markov model sequences (Server v.2.0). (iii) PSORT II was
used to predict proteins with subcellular locations. The final two
information sources were the GO:0005886: plasma membrane data-
base in Gene Ontology and the subcellular location information in
Uniprot. The proteins that were located on the “plasma membrane”
(Ingenuity Pathway Analysis, PSORT, Gene Ontology databases) or
that had a transmembrane helix received a score of 1; otherwise, the
protein received a score of 0. The sum of each database-predicted
score was the total membrane protein prediction score. Molecular
function annotations, KEGG pathway analysis, and information linked
to the functional network of all identified proteins were analyzed using
the Ingenuity Pathway Analysis Knowledge Base, the online DAVID
Bioinformatics Resource 6.7, and GeneGo MetaCore (version: 6.10),
respectively.

In addition, we compared our results with two datasets for the
hESC membrane protein signature that were published by Prokho-
rova et al. (10) and Gu et al. (11) to investigate whether hESC and
HNSCC CSCs share membrane proteins. International Protein Index
protein IDs were converted into gene IDs. A Venn diagram was drawn
to identify the overlapping proteins, which were further annotated
using MetaCore software.

Western Blot Analysis—Cells or clinical samples were lysed with
lysis buffer (Sigma), and the proteins were separated via SDS-PAGE.
Western blotting was performed according to a standard protocol
using rabbit polyclonal antibodies directed against CD49f (Epitomics,
1:1000), CD71 (Epitomics, dilution 1:1000), CD98 (Epitomics, 1:1000),
CD104 (Epitomics, 1:1000), CD166 (Epitomics, 1:1000), CD44 (Epito-
mics, 1:1000), NOMO1 (Epitomics, 1:1000), and anti-�-actin mAb
(Sigma-Aldrich, St. Louis, MO, 1:10,000) at the optimized dilutions.
Labeled bands were detected using an IRDye800-conjugated affinity
purified anti-mouse IgM or anti-rabbit secondary antibody (Rockland,
Gilbertsville, PA). The membrane was then washed several times,
scanned using the Odyssey infrared imaging system (LI-COR,
Lincoln, NE) at a channel wavelength of 700 nm/800 nm, and ana-
lyzed using Odyssey software.

Immunohistochemical Analysis of CD44 and CD166 Expression in
HNSCC Samples—The study was approved by the Institutional Re-
view Board of Shanghai Ninth People’s Hospital. Two independent
cohorts were obtained. The first cohort included 96 samples of pri-
mary HNSCC obtained from patients who underwent surgery with
curative intent and had negative resection margins and 12 samples of
normal oral mucosa obtained from patients who underwent surgery
for benign oral or maxillofacial conditions in the Ninth People’s Hos-
pital, Shanghai Jiao Tong University, between 1989 and 1993. Tissue
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microarrays were constructed by Shanghai Biochip Co Ltd, Shanghai,
China. Duplicates of 1-mm-diameter cylinders from two representa-
tive areas were included for each case, along with various control
samples (12). All of the patients in the first cohort had complete
clinicopathologic documentation and records of their follow-up data.
Follow-up was completed on December 31, 1999. The median fol-
low-up time was 73 months (range: 1 to 120 months). The clinical
feature of the tumors was determined according to the TNM classi-
fication system of the International Union Against Cancer (Edition 6).
Overall survival (OS) was defined as the interval between surgery and
death or the last observation taken. The data were censored at the
last follow-up for living patients. The second cohort included samples
obtained from 104 patients who underwent curative surgery in the
Department of Oral and Maxillofacial Surgery, Ninth People’s Hospi-
tal, Shanghai Jiao Tong University, between 1999 and 2005, including
68 cases of primary tumors and 36 cases of recurring tumors. The
patients in this group had complete clinicopathologic documentation,
but no follow-up data.

Immunohistochemical staining was performed using the standard
SP method. The primary antibodies were rabbit polyclonal CD166
antibody (Epitomics, 1:150) and mouse monoclonal CD44 antibody
(Changdao Biotech, Shanghai, China, dilution 1:50). Formalin-fixed
paraffin tissue sections were treated with 10 mmol/l citrate buffer to
retrieve antigenicity. Hydrogen peroxide treatment (0.3%) was per-
formed to quench the endogenous peroxidase activity. The slides
were blocked with 5% normal goat serum for 30 min and subse-
quently incubated with primary antibody at 4°C overnight. The next
day, the sections were incubated with goat anti-rabbit second anti-
body for 1 h at room temperature in a humidified chamber, washed
three times with PBS, and incubated in a development solution con-
taining 0.06% diaminobenzidine and 0.1% hydrogen peroxide. The
sections were finally counterstained with hematoxylin and mounted.
Sections that were not treated with primary antibodies and those that
were treated with non-immune rabbit serum served as negative con-
trols. The sections were examined microscopically and scored at
200� magnification. Because the staining intensity was evenly dis-
tributed in the overwhelming majority of the samples, sections were
scored according to the staining percentage as low or high, with
cut-off values of 50% for CD166 and 90% for CD44, which were the
median staining values of CD166 and CD44. All of the immunostained
slides were evaluated by three independent observers.

The associations among the CD166 expression values, the CD44
expression values, and the clinicopathologic parameters of the pa-
tients were analyzed using the chi-squared test and Kruskal–Wallis H
analysis. Estimated survival curves were calculated according to the
Kaplan–Meier product limit method, and the survival times of the
patients were compared by means of the log rank test. Clinical and
pathologic characteristics were analyzed for their association with OS
using the Cox proportional hazards regression analysis.

Flow Cytometric Analysis and Cell Sorting—The cells from the
microspheres and the adherent cells from CAL27 and HN13 cultures
were washed with PBS and dissociated into single cells with trypsin.
The cells were harvested, suspended in eFluor NC Flow cytometry
staining buffer to a final concentration of 2 � 107/ml, pre-incubated
with 20 �l of affinity-purified human Fc�R-binding inhibitor per 100 �l
for 20 min on ice to block nonspecific Fc-mediated interactions,
incubated with CD44 (eBioscience, 1:100) or CD166 (eBioscience,
1:100) primary antibodies on ice for 60 min, washed twice, incubated
with FITC-labeled secondary antibody (Invitrogen) for 30 min, and
then analyzed and sorted using a Beckman Coulter EPICS ALTRA
flow cytometric system. For negative controls, the cells were incu-
bated with an isotype control. Both the CD166high and the CD166low

cells in the CAL27 and HN13 populations were collected for further
study.

Tumorigenicity of CD166high and CD166Low Cells in Nude Mice—To
assess in vivo tumorigenicity, 5 � 103, 1 � 103, or 5 � 102 freshly
sorted CD166high or CD166low CAL27 and HN13 cells were subcuta-
neously injected into both sides of 18 nude mice in 100 �l of medium/
Matrigel (1:1). Each treatment group included three mice (six injec-
tions) that were injected with adherent cultured cells on the left side
and sphere cultured cells on the right side. Tumor development was
monitored from the sixth week after inoculation. The mice were sac-
rificed at the 16th week after inoculation or whenever the tumor’s
volume was greater than 150 mm3. The harvested tumors were fixed
in 10% formaldehyde, and paraffin sections were prepared for H&E
staining and CD166 immunohistochemistry.

RESULTS

Overexpression of Stem-cell-related Molecules in HNSCC
Spheres—Four HNSCC cell lines—CAL27, HN6, HN12, and
HN13—were digested into single cell suspension and cul-
tured in low-attachment plates in defined serum-free DMEM/
F12 containing bFGF and EGF. Two weeks later, small
sphere-like bodies were observed in each culture (Fig. 1A).
These spheres grew gradually, and some reached a diameter
of 0.5 to 1 mm in 3 to 4 weeks. To investigate whether these
spheres had enriched stem cell features, we examined their
expression of various stem-cell-related molecules. Compared
with the adherent cells, these spheres had a markedly in-
creased expression of multiple stem-cell-related molecules,
including ABCG2, nestin, CD29, EpCAM, and nanog (Fig. 1B).
Gli2, one of the three key transcription factors in the hedge-
hog signaling pathway, was up-regulated in all sphere-form-
ing cells, although the expression of shh, the main ligand of
the hedgehog signaling pathway, was not obviously in-
creased. In addition, the expression of �-catenin, the key
regulator of the wnt signaling pathway, was increased in the
sphere-forming cells, and the expression of E-cadherin was
down-regulated (Fig. 1C). These data indicate that the cells in
HNSCC spheres exhibit more stem-cell-like features than do
their adherent counterparts.

Improved in Vivo Tumorigenic Ability of Cells in HNSCC
Spheres—Although some controversy remains about its use,
the tumorigenic ability of nude mice is still the gold standard
for identifying stem-cell-like cells in solid cancers; therefore,
in this study, we compared the tumorigenic capacities of
HNSCC cells that formed spheres or were adherent in cul-
tures using nude mice. We subcutaneously injected 1 � 105,
1 � 104, or 1 � 103 cells derived from spheres or that were
adherent in cultures in bilateral sites (both the fore and hind
legs) of three mice, with six inoculations per group. Cell-
number-dependent tumor development was observed, and
the tumor latency period decreased as the number of in-
jected cells increased. Three months later, tumors had de-
veloped in all six of the mice injected with 1 � 105 CAL 27
sphere cells, all six of the mice injected with 1 � 104 CAL27
sphere cells, five of the six mice injected with 1 � 103

CAL27 sphere cells, all six of the mice injected with 1 � 105

WSU-HN13 sphere cells, four of the six mice injected with
1 � 104 WSU-HN13 sphere cells, and two of the six mice
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injected with 1 � 103 WSU-HN13 sphere cells. Of the mice in
the adherent cell group, only one of the six injected with 1 �

105 CAL 27 adherent cells, one of the six injected with 1 � 104

CAL27 adherent cells, one of the six injected with 1 � 103

CAL27 adherent cells, and one of the six injected with 1 � 105

WSU-HN13 adherent cells developed tumors, with an aver-
age latency period of 12 to 14 weeks, compared with 4 to 9
weeks for mice injected with sphere cells; none of the mice
injected with 1 � 104 WSU-HN13 adherent cells or 1 � 103

WSU-HN13 adherent cells developed tumors (supplemental
Figs. S2A and S2C, supplemental Table S3). Pathology of

HE-stained sections of the xenografted tumors confirmed that
the tumors were moderately differentiated squamous cell car-
cinomas, and more blood vessels were observed in the tu-
mors derived from cells that formed spheres in culture than in
tumors derived from their adherent counterparts (supplemen-
tal Fig. S2B). Furthermore, the average volumes of tumors
derived from the CAL 27 cultured sphere group were
149.74 � 50.89 mm3 in the 105 cells subgroup, 146.38 �

67.78 mm3 in the 104 cells subgroup, and 19.92 � 15.98 mm3

in the 103 cells subgroup, compared with volumes of 0.024 �

0.024 mm3 in the 105 cells subgroup, 0.004 � 0.004 mm3 in

FIG. 1. Cells that formed spheres in HNSCC cultures enhanced cancer stem-cell-like behavior and tumorigenicity. A, sphere-like
bodies formed in cultures of four HNSCC cell lines (CAL27, WSU-HN6, WSU-HN12, and WSU-HN13) grown for 2 weeks in defined serum-free
DMEM/F12 supplemented with bFGF and EGF. B, HNSCC sphere cells exhibited higher expression of ABCG2, nestin, CD29, EpCAM, and
nanog than did the adherent cultured cells. Scale bar, 50 �m. C, the expression of shh, Gli-2, �-catenin, and E-cadherin in the HNSCC spheres
and adherent cells. D, different quantities (105, 104, and 103 cells) of adherent cells or sphere cells obtained from CAL27 and HN13 cell cultures
were subcutaneously inoculated into nude mice to assess their in vivo tumorigenicity. The volume of the tumors was determined using the
following formula: volume � (length � width2)/2. *p � 0.05.
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the 104 cells subgroup, and 0.192 � 0.129 mm3 in the 103

cells subgroup for the tumors derived from the CAL27 adher-
ent cultured cell group. The average volumes of the tumors
from the sphere-forming WSU-HN13 group were 163.39 �

45.72 mm3 in the 105 cells subgroup, 80.67 � 37.03 mm3 in
the 104 cells subgroup, and 35.45 � 22.85 mm3 in the 103

cells subgroup, compared with volumes of 0.018 � 0.018
mm3 in the 105 cells subgroup and 0 mm3 in the 104 and 103

cells subgroups for the tumors derived from the adherent
WSU-HN13 cell culture group (Fig. 1D). These data indicate
that the HNSCC spheres were enriched with stem-like cells.

Analysis of the Membrane Proteins of the HNSCC Sphere-
forming Cells (Spectrum Count)—To identify the specific
membrane proteins that may contribute to the more stem-
cell-like traits of the sphere-forming cells, we prepared mem-
brane preparations from both spheres and adherent cells from
cultures of four different HNSCC cell lines. After separating
the proteins using one-dimensional SDS-PAGE (Fig. 2A), we
used nano-LC-MS/MS to identify their membrane protein ex-

pression profiles (supplemental Fig. S3A). All of the LC-
MS/MS data were searched against the Uniprot human pro-
tein database using the Spectrum Mill software. A total of 376
proteins were identified based on one or more matching mass
spectra (supplemental Table S4). Of these proteins, 200 were
predicted to be membrane proteins based on the subcellular
location prediction from five databases (score � 1), and oth-
ers were predicted to be located in extracellular spaces, cel-
lular projections, or endoplasmic membranes (supplemental
Table S5). The spectral counts of each protein were normal-
ized to the total spectral counts of each sample and then
compared with the data for the different cell lines. A total of
123 membrane proteins were expressed differentially (fold
change � 1.5-fold) in sphere-forming and adherent cells,
among which 65 proteins were up-regulated and 58 were
down-regulated in the sphere-forming cells. The proteins that
were overexpressed in the sphere-forming cells included en-
zymes (e.g. CNTN1 and GPNMB), kinases (e.g. EGFR and
PTK7), transmembrane receptors (ITGB4), transporters (e.g.

FIG. 2. Membrane proteomic analysis of the sphere-forming cells and the adherent cells in HNSCC cell cultures. A, membrane
proteins extracted from adherent cultured cells and spheres (the gel was stained with silver nitrate). B, Venn diagrams of the identified HNSCC
membrane proteins and those found in two datasets of hESC membrane protein signatures published by Prokhorova et al. (10) and Gu et al.
(11). C, functional networks of the proteins common to the datasets were analyzed using GeneGo MetaCore software. Two networks were
identified: EGFR/CD44/HSP70/HSP90 and integrin alpha-6/beta-4/SLC3A2. D, the expression of seven membrane proteins identified via MS
was evaluated with Western blotting, and five of them were consistently up-regulated in the sphere cells. E, densitometric analysis of the
Western blot staining levels.
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BSG, ATP4A, and ITGB4), and some well-recognized stem-
cell-related membrane proteins (e.g. CD44 and CD49f) that
the DAVID bioinformatics database identifies as being in-
volved in “pathways in cancer,” “regulation of the actin cyto-
skeleton,” “adherent junctions,” “focal adhesion,” and “cell
adhesion molecules (CAMs)” (supplemental Fig. S3C).

By comparing the HNSCC membrane signature with two
published hESC signatures, we found that 20 proteins (the
“3/3 signature”) were consistently detected in all three signa-
tures (Fig. 2B). Among them, the fold changes of 18 proteins
were greater than 1.5, including CD166 (gene symbol:
ALCAM), CD44, CD98 (gene symbol: SLC3A2), and CD49f
(gene symbol: ITGA6) (Table I). MetaCore analysis disclosed
two types of networks among these 18 proteins: the EGFR/
CD44/HSP70/HSP90 and integrin alpha-6/integrin beta-4/
SLC3A2 networks (Fig. 2C).

To validate the significance of the membrane proteins iden-
tified via mass spectrometry, we selected 7 membrane pro-
teins (CD49f, CD98, CD166, CD44, CD104, CD71, and
NOMO1) from the 18 candidates shared by the HNSCC CSCs
and hESCs to investigate their expression by the sphere and
adherent cells derived from the four different HNSCC cells
(CAL27, HN6, HN12, and HN13). As shown in Fig. 2D, West-
ern blots showed that five of these proteins were more highly
expressed in sphere cells than in adherent cells. Fig. 2E
shows the densitometric analysis of the Western blot results,
showing that the expression levels of CD49f, CD104, CD166,
CD44, and NOMO1 were all significantly higher in the sphere
cells than in the adherent cells and that CD166 was the

membrane protein most significantly increased in sphere
cells. Fig. 3A shows the identified type spectra of CD44 and
CD166 in MS/MS. We then further investigated the distribu-
tion of CD44� and CD166� cells in populations of sphere
and adherent cells using immunofluorescence staining and
flow cytometry. As shown in Fig. 3B, more than 90% of the
adherent cells were CD44�; this percentage was very close
to but still lower than the percentage of CD44� sphere cells,
whereas the percentage of CD166� cells was much higher in
sphere cells than in adherent cells. Flow cytometry (Fig. 3C)
confirmed that the CD44-positive rates of the adherent and
sphere cells derived from the CAL27 line were 98.68% and
99.56%, respectively, whereas the CD166-positive rates of
the adherent and sphere cells were 57.59% and 98.14%,
respectively.

The Expression of CD166 Is an Independent Predictor of
HNSCC Patients’ Poor Prognosis—To investigate the clinical
value of the membrane proteins overexpressed by HNSCC
sphere cells that were identified via mass spectrometry, we
used tissue arrays to examine the expression of CD44 and
CD166 in HNSCC clinical samples and analyzed the relation-
ship between their expression levels and the patients’ clini-
copathologic parameters and prognosis. In total, samples
from 96 cases of cancer and 12 cases of normal mucosa were
included. For negative controls, consecutive sections were
stained with murine preimmune serum, and these sections
were used to test the specificity of the detection system. As
shown in Fig. 4A, CD44 was strongly expressed in both nor-
mal mucosa and the HNSCC samples. Two-thirds of the

TABLE I
The membrane proteins expressed on the surface of HNSCC microspheres and hESCs as indicated by two proteomics datasets published by

Prokhorova et al. (10) and Gu et al. (11)

Protein ID Symbol
Fold change

(spheres/adherent)
Type(s)

Membrane prediction
total score

P35613 BSG a Transporter 5
Q13308 PTK7 a Kinase 3
Q14126 DSG2 a Other 5
P00533 EGFR 3.0042337 Kinase 5
Q13740 ALCAM 3.0042337 Other 4
P08195 SLC3A2 2.253175275 Transporter 4
P23229 ITGA6 2.253175275 Other 5
P05023 ATP1A1 2.002822467 Transporter 4
O15031 PLXNB2 1.50211685 Other 3
P16070 CD44 1.50211685 Other 5
Q07065 CKAP4 1.50211685 Other 3
P14625 HSP90B1 0.751058425 Other 0
P23634 ATP2B4 0.751058425 Transporter 4
P11021 HSPA5 0.584156553 Enzyme 0
Q15084 PDIA6 0.450635055 Enzyme 2
O60488 ACSL4 0 Enzyme 2
P04843 RPN1 0 Enzyme 2
P07237 P4HB 0 Enzyme 2
P12830 CDH1 0 Other 5
P38606 ATP6V1A 0 Transporter 1

a The protein has been identified in spheres only.
A fold change of 0 indicates that the protein has been identified only in adherent cultured cells.
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normal mucosa samples were CD44-positive, with variable
intensity ranging from � to ���. The CD44-positive cells
were localized mainly in the stratum basale and stratum spi-
nosum. The average positive rate for CD44 expression in the
carcinomas was 88.20% � 13.88%; in more than half of the
samples (53/96), over 90% of the cancer cells were CD4-
positive. A high level of expression of CD44 was frequently
observed in poorly differentiated tumors (p � 0.008). There
was no significant association between the CD44 expression
level and age (p � 0.763), gender (p � 0.150), anatomic site of
tumor (p � 0.949), smoking history (p � 0.155), alcohol use
history (p � 0.068), lymph node metastasis (p � 0.282), TNM
stage (p � 0.305), or the patient’s prognosis (p � 0.088,
Mann–Whitney U test) (Table II, Fig. 4A).

Compared with the expression of CD44, the expression of
CD166 in the HNSCC samples was highly variable. CD166
either was not detected or was scattered in the basal layer of
the normal oral mucosa (Fig. 4A). In the HNSCC samples,
CD166-positive cells were more likely to be localized at the

front of invasive cancer cell nests and clusters, and the
CD166-positive rate ranged from 0% to 95% (mean value �

S.E.: 42.66% � 29.03%). Among the HNSCC samples,
52.08% (50/96) exhibited low or moderate expression of
CD166 (staining rate � 50%), and 47.92% (46/90) of the
samples displayed strong expression of CD166 (�50%).
CD166 was localized mainly on the membrane of the cancer
cells, and occasionally in the cytoplasm. There was no signif-
icant association between CD166 positivity and age (p �

0.463), gender (p � 0.297), anatomic site (p � 0.662), smoking
history (p � 0.494), alcohol use history (p � 0.658), lymph
node metastasis (p � 0.698), differentiation status (p � 0.220),
or TNM stage (p � 0.594); however, a significant association
was observed between the level of CD166 expression and the
patient’s prognosis (p � 0.025, Mann–Whitney U test) (Table
II, Fig. 4A).

The univariate analysis of OS revealed that CD166 expres-
sion (�50% versus �50%) (p � 0.046), differentiation (p �

0.02), TNM stage (p � 0.036), and lymph node metastasis

FIG. 3. Expression of CD44 and CD166 by adherent and sphere-forming cultured cells. A, MS/MS spectrum of peptide TNPEDIYPSNPT-
DDDVSSGSSSER from CD44 and peptide SSPSFSSLHYQDAGNYVcETALQEVEGLK from CD166 were identified via LC-MS/MS. B, immu-
nofluorescence staining of CD44 and CD166 in adherent and sphere-forming cultured HNSCC cells. The expression of CD166 was significantly
increased in the sphere-forming cells. C, the percentage of CD44- and CD166-positive cells in the adherent and sphere-forming populations
from the cell cultures was determined using flow cytometry.
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FIG. 4. Expression of CD166 and CD44 in clinical tissues. A, the expression of CD44 and CD166 in tumor samples was first analyzed using
HNSCC tissue arrays that included samples from 96 patients with cancer and 12 patients with normal mucosa. For each case, the level of CD44
and CD166 staining was classified as low or high based on the median of the labeling index. CD44 was abundantly expressed in both normal
oral mucosa and HNSCC. The cutoff values were 90% for CD44 staining and 50% for CD166 staining. The Kaplan–Meier survival curve
prepared using the CD44 scores showed that the CD44 expression level was marginally associated with a patient’s prognosis (p � 0.078). A
significant association between the level of expression of CD166 and a patient’s prognosis was observed (Kaplan–Meier, p � 0.040). B, the
expression of CD166 in primary HNSCC and recurrent HNSCC samples was examined in another cohort that included 68 primary tumors and
36 recurrent tumors. The CD166-positive rate in the primary tumor group was 30.37% � 29.32%, whereas it was 48.75% � 35.64% in the
recurrent tumor group. A chi-squared test disclosed a significant increase of CD166 expression in recurrent tumor group (*p � 0.015).

Plasma Membrane Proteomics of HNSCC Spheres

Molecular & Cellular Proteomics 12.11 3279



(p � 0.003) were significantly associated with the OS of the
HNSCC patients, whereas CD44 expression (�90% versus
�90%) was not significantly associated with the OS (p �

0.085) (supplemental Table S6). In the multivariate analysis,
only CD166 expression (p � 0.044), differentiation (p �

0.012), and lymph node status (p � 0.007) were found to be
independent prognostic factors for overall survival (supple-
mental Table S6). To further validate the results of immuno-
histochemistry, the expression of CD44 and CD166 in three
pairs of normal mucosa and HNSCC was evaluated using
Western blots. As shown in supplemental Fig. S4, CD44 was
highly expressed in both the normal mucosa and the HNSCC
tissues; however, the level of expression was slightly higher in
tumors, whereas the level of expression of CD166 was much
higher in the HNSCC tissues than in the normal mucosa.

We then investigated the expression of CD166 via immu-
nohistochemistry in samples of primary HNSCC and recurrent
HNSCC from the second cohort, which included 68 patients
with primary tumors and 36 patients with recurrent tumors
(Fig. 4B). The CD166-positive rate in the primary tumor group
was 30.37% � 29.32%, whereas it was 48.75% � 35.64% in

the recurrence group (Fig. 4B). The chi-squared test disclosed
a significant increase in CD166 expression in the recurrence
group (p � 0.015) (supplemental Table S7).

Enhanced Sphere-formation Ability and in Vivo Tumorige-
nicity of the CD166high HNSCC Cells—To determine whether
CD166 might be a novel marker for enriching cancer stem-like
cells from HNSCC, we examined the sphere-formation ability
and the in vivo tumorigenic ability of CD166high and CD166low

cells. We sorted CD166high cells and CD166low cells from
CAL27 and HN13 cell cultures (Fig. 5A) and seeded 1000
sorted cells per group in low-attachment 10-cm plates in
serum-free DMEM/F12 (with 10 ng/ml of bFGF and 10 ng/ml
of EGF). Two weeks later, the number of spheres was
counted, and the sphere-forming efficiency was calculated.
As shown in Fig. 5B, the CD166high cells from both CAL27 and
HN13 cell cultures demonstrated a greater sphere-forming
ability than did their CD166low counterparts (p � 0.033 and
p � 0.02, respectively).

To assess the in vivo tumorigenicity of the CD166high and
CD166low cells, 1 � 103 or 5 � 102 CD166high or CD166low

cells sorted from CAL27 and HN13 cell populations (Fig. 5A)

TABLE II
The expression of CD166 and CD44 in clinical samples

CD166 CD44

�50% �50% P �90% �90% P

Age
�60 12 13 14 11
�45, �60 18 18 12 24
�45 20 15 0.463 17 18 0.763

Sex
Male 24 27 19 24
Female 26 19 0.297 32 21 0.150

Site
Tongue 39 34 33 40
Buccal 5 7 4 8
Gingival 6 3 6 3
Lip 0 1 0 1
Oral floor 0 1 0.662 0 1 0.949

Smoking
No 29 23 27 25
Yes 13 15 10 18
Unknown 8 8 0.494 6 10 0.155

Drinking
No 30 30 32 28
Yes 11 8 4 15
Unknown 9 8 0.658 7 10 0.068

Lymph
Metastasis 14 11 9 16
No metastasis 35 33 0.698 33 35 0.282

Differentiation
I 35 26 33 28
I–II,II 10 15 9 16
II–III,III 5 5 0.220 1 9 0.008

TNM
I 5 6 6 5
II 18 16 17 17
III 16 15 12 19
IV 10 7 0.594 7 10 0.305

Prognosis
Die 11 20 10 21
Survive 39 26 0.025 33 32 0.088
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were subcutaneously injected bilaterally into 12 nude mice in
100 �l of medium/Matrigel (1:1); each group consisted of
three mice. All of the animals injected with CD166high cells
developed tumors �10 to 13 weeks after injection. Very small
tumors were found in the CAL27 CD166low groups �16 weeks
after injection, and no tumors were found in the HN13
CD166low groups (Fig. 5C). Four months later, all of the ani-
mals were sacrificed. The tumors derived from 1 � 103 and
5 � 102 CAL27 CD166high cells were 351.2 � 103.8 mm3 and
255.0 � 85.91 mm3 in size, respectively, and the tumors
derived from 1 � 103 and 5 � 102 CAL27 CD166low cells were
188 � 32.58 mm3 and 107.6 � 40.41 mm3 in size, respec-

tively. The sizes of the tumors derived from 1 � 103 and 5 �

102 HN13 CD166high cells were 551.7 � 209.1 mm3 and
174.3 � 26.29 mm3, respectively (Fig. 5D). All of the growths
were confirmed to be tumors via histology of H&E-stained
sections. CD166 expression in the xenografted tumors was
evaluated by means of immunohistochemical staining. As
shown in Fig. 5E, the tumors derived from CD166high cells
contained both CD166� and CD166	 cells, whereas very few
CD166� cells were observed in the tumors derived from
CD166low cells. Relative to the tumors derived from CD166low

cells, the percentage of CD166-positive cells was much
higher in the tumors derived from CD166high tumor cells.

FIG. 5. CD166high cells displayed increased sphere-formation ability and tumorigenicity. A, CD166high and CD166low cells were sorted
from CAL27 and WSU-HN13 cell populations using flow cytometry. B, sphere-formation by CD166high and CD166low cells was analyzed,
revealing that CD166high cells from both HNSCC cell lines had significantly greater sphere-forming ability than did CD166low cells (*p � 0.05).
C, the tumorigenicity of CD166high and CD166low cells in nude mice. All of the animals that were subcutaneously injected with CD166high cells
developed tumors �10 to 13 weeks after injection, whereas only very small tumors had formed in the CAL27 CD166low groups by �16 weeks
after inoculation, and no tumors formed in the HN13 CD166low groups. D, the volume of the tumors derived from the CD166high and CD166low

cells (*p � 0.05). E, H&E staining and CD166 expression in the xenografted tumors. Compared with the tumors derived from CD166low cells,
the level of CD166-positivity was much higher in the tumors derived from CD166high tumor cells.
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DISCUSSION

In this study, we used membrane proteomics approaches
to study the specific membrane proteins associated with the
CSCs of HNSCC based on their sphere-formation ability.
Cultures that allow sphere formation are often used to enrich
CSCs, which are believed to partly recapitulate stem cell
features, including withstanding anoikis, proliferating under
anchorage-independent conditions, and possessing the abil-
ity to form clonal spheroids. To validate the stem-cell-like
features of the HNSCC spheres, we found the increased
expression of a series of stem-cell-related molecules in the
HNSCC spheres. More important, compared with adherent
culture cells, the HNSCC spheres exhibited a significantly
enhanced ability to form tumors in nude mice. Therefore, the
comparative membrane proteomics analysis of the HNSCC
spheres may lead to an effective method for identifying the
cell surface markers of HNSCC CSCs (13, 14).

Comparing the membrane proteins of HNSCC spheres and
adherent cells revealed 123 candidate membrane proteins
that were differentially expressed in cultured HNSCC sphere
cells and adherent cells, with 65 proteins being overex-
pressed and 58 proteins being underexpressed. These pro-
teins are involved in cell differentiation (CAMD1 and CD44),
cell adhesion (CD44, CD342, DSG2, NCAM, and CD166),
protein transport, and embryonic development (CD49f and
alpha E-cadherin). Some of the molecules are involved in
key signaling pathways of development, such as the Wnt
(CTNND1, CNTN1, and PTK7), integrin (integrin alpha2, integ-
rin alpha6, and integrin beta4) and TGF� (CD109) signaling
pathways. Some of the molecules have been shown to play a
role in stem cell functions, such as CD4 and CD49f. Next, we
compared our results with two published membrane protein
datasets derived from embryonic stem cells, given that the
hallmark traits of stem cells (i.e. self-renewal and differentia-
tion capacity) were mirrored by the high proliferative capacity
and phenotypic plasticity of tumors (9, 15, 16). The compar-
ison showed that of the 20 common proteins, 18 candidate
proteins were differentially expressed in sphere-forming and
adherent cells, including the well-known HNSCC CSC
marker, CD44, and many new candidates, including CD166,
BSG, and PTK7. Further investigation showed that the ex-
pression of CD166, but not CD44, was remarkably up-regu-
lated in the sphere-forming cells relative to the adherent cells.
CD166, but not CD44, was significantly associated with a
patient’s prognosis and recurrent tumors. More important,
both the in vitro and in vivo studies demonstrated that
CD166high HNSCC cells had a greater sphere-formation abil-
ity and greatly enhanced tumorigenic ability. Therefore,
CD166 might be a novel surface marker for cancer stem-like
cells in HNSCC.

CD44 is one of the predominant CSC markers and is also a
well-known HNSCC CSC marker (4). In 2007, Prince et al.
demonstrated that CD44 could be used to enrich the CSCs

from HNSCC. However, their data showed that although
CD44� HNSCC cells exhibited a significantly enhanced tu-
mor-formation ability in nude mice relative to CD44	 HNSCC
cells (5), a relatively high number of the CD44� HNSCC cells
(�5000 cells) were needed to generate tumors in immune-
deficient mice, indicating either a low frequency of CSC
among the CD44� HNSCC cells or that CD44 was not a
specific marker for HNSCC CSCs. The other disadvantages of
CD44 as a specific CSC marker in HNSCC are that CD44 is
abundantly expressed in most HNSCC samples (60% to
100% positive cells, averaging 88% in our clinical samples)
and in normal mucosa (strongly positive in the stratum basale
and stratum spinosum of two out of three samples) and that
CD44 expression does not distinguish normal epithelia from
benign or malignant epithelia of the head and neck (17, 18).
Although the CD44 expression level was 1.5-fold higher in the
spheres than in the adherent cultured cells, the clinical data
showed that CD44 expression was not an independent pre-
dictor of a patient’s prognosis and that its expression level
was significantly associated only with the differentiation sta-
tus of the clinical samples.

Compared with CD44, the level of CD166 expression in the
spheres was much higher (3-fold) than in the adherent cul-
tured cells. In the clinical samples, the CD166-positive cells
were more often found at the periphery of tumor nests or in
the invasive frontier. Both univariate and multivariate analyses
showed that CD166 expression was significantly associated
with the prognosis of HNSCC patients and that the level of
CD166 expression was much higher in the samples of recur-
rent tumors than in the primary tumor samples. CD166, also
called activated leukocyte cell adhesion molecule (ALCAM), is
a transmembrane glycoprotein and a member of the Ig super-
family that mediates cell–cell adhesion through homophilic
(ALCAM–ALCAM) and heterophilic (ALCAM–CD6) interac-
tions. CD166 is involved in hematopoiesis (19, 20), neurite
extension (21), osteogenesis (22), and embryonic implantation
in the uterus (23). The level of CD166 expression correlates
with the aggregation and metastatic potential of a few human
tumors (24), including melanoma (25, 26) and prostate (27,
28), ovarian (29), breast (30–32), colorectal (33, 34), esopha-
geal (35), and pancreatic cancer (36, 37). Furthermore, AL-
CAM was also identified in medium conditioned by breast
cancer cells and may be a potential serum breast cancer
biomarker (38, 39). In recent years, CD166 has been proposed
as a cell surface marker for mesenchymal progenitor cells and
colon cancer stem cells (34). The expression of ALCAM at the
invasive front of HNSCC tumors may be related to their po-
tential for tumor invasion and lymph node metastasis (40–42).
In this study, we did not observe a significant correlation
between CD166 expression and lymph node metastasis, but
we found that the CD166 expression level was an independ-
ent predictor for a patient’s prognosis and that it was signif-
icantly associated with recurrent tumors. More important, we
found that compared with CD166low HNSCC cells, CD166high
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cells had a remarkably greater sphere-formation ability and
tumorigenicity. As few as 500 CD166high WSU-HN13 cells
initiated a tumor in nude mice at 100% efficiency, compared
with the minimum of 5000 CD44� HNSCC cells needed to
generate a tumor in immune-deficient mice (5), whereas
WSU-HN13 CD166low cells did not generate tumors. These
data demonstrate that CD166high WSU-HN13 cells have CSC
features and suggest that CD166 is a novel marker for stem-
cell-like components of HNSCC. Moreover, considering the
high rate (�90%) of CD44� cells in the CAL27 and WSU-
HN13 populations, we did not try to investigate the behavior
of CD44�CD166� cells in this study.

Notably, both CD166high and CD166low CAL27 cells drove
tumor formation in nude mice injected with 1000 or 500 cells,
but the tumors derived from the CD166high cells were much
larger and grew much more quickly than those derived from
the CD166low cells. Most of the CD166low tumors had formed
by �4 months post-injection. Immunohistochemical staining
demonstrated the existence of some CD166� cells in these
tumors. One possible reason for this finding is that because
the sorting efficiency is never 100% accurate, a few CD166-
positive cells may be sorted into the CD166low fraction. An-
other possibility is that some more primitive CSC cells reside
in the CD166low subpopulation. Further study of the therapeu-
tic value of targeting the CD166high HNSCC subpopulation in
vivo might help to define the molecular characteristics of
CSCs.

In conclusion, we used mass spectroscopy to compare the
plasma membrane proteomics of HNSCC CSC-like spheres
and their adherent counterparts in this study. We discovered
123 membrane proteins, 65 of which were overexpressed and
58 of which were underexpressed. These membrane proteins
are potentially valuable markers for HNSCC CSCs and in-
cluded both well-known CSC markers and many new candi-
dates. Compared with the well-established HNSCC CSC
marker CD44, the level of CD166 expression serves as a cell
surface marker to enrich CSCs from HNSCC cell populations,
as demonstrated in both in vitro and in vivo studies. Our data
demonstrate that plasma membrane proteomics is a promis-
ing biological tool for determining CSC-specific membrane
proteins.
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