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Abstract Tumor stem cells (TSC), which are considered as
likely candidates for the origin of cancer, are deduced to be
responsible for tumor metastasis theoretically. We therefore
investigated whether TSC were associated with lymph node
metastasis in supraglottic carcinoma. Immunohistochemistry was performed for CD44, CD133, and LYVE-1 to detect
TSC and lymphatic vessel density (LVD) in 66 primary
supraglottic carcinoma tissue samples from 30 patients with
lymph node metastasis (N+) and 36 patients without (N0).
Reverse transcriptase polymerase chain reaction (RT-PCR)
and Western blot were used to detect the expression of
CD44 and CD133 at mRNA and protein levels in N+ and
N0 primary tumors. The LVD was 22.4±10.26 in 30N+ and
6.8±4.09 in 36N0 samples subjected to immunohistochemistry, which was associated with their clinical nodal stages.
There were 43.33% CD44-positive and 93.33% CD133positive samples in 30N+, and 13.89% CD44-positive and
44.44% CD133-positive samples in 36N0 (P<0.05). However, in each positive slide, there were only 5∼10% CD44positive cells, but 70∼85% CD133-possitive cells. The
expressions of CD44 and CD133 of N+ obtained through
RT-PCR and Western blot were significantly higher than
those of N0. These results suggest that TSC identified
through CD44-positive cells in N+ were significantly
higher than those in N0, indicating that TSC may be
S. Lu : H. Wang : X. Bai : W. Liu : J. Li
Institute of Eye and ENT,
Provincial Hospital affiliated to Shandong University,
Jinan 250021, People’s Republic of China
J. Tian : Z. Lv : H. Wang : W. Xu (*)
Department of Otolaryngology-Head and Neck Surgery,
Provincial Hospital affiliated to Shandong University,
Jinan 250021, People’s Republic of China
e-mail: xwhns@yahoo.com.cn

responsible for lymph node metastasis. CD133, whose
expression is not restricted to TSC, may be unspecific for
TSC identification in hypostatic supraglottic carcinoma.
Keywords CD133 . CD44 . Lymph node metastasis .
Supraglottic carcinoma . Tumor stem cell

Introduction
Supraglottic carcinoma, one of the most common malignancies of the head and neck region, results in substantial
morbidity and mortality annually. Eighty-five percent of
supraglottic carcinoma preferentially spreads through lymphatic vessels and is accompanied by lymph node metastasis
[1]. Lymph node metastasis represents the major step of
dissemination and serves both as a major prognostic
indicator for disease progression and a guide for therapeutic
strategies [2]. However, the mechanism associated with
lymph node metastasis still remains unclear. Studies on
metastasis mechanism will thus be useful for cancer therapy.
The tumor stem cells (TSC) hypothesis was first proposed
in 1983 when Mackillop hypothesized that every tumor
contains a rare population of functionally distinct TSC [3].
TSC are defined as a rare cell population in cancer which
acts like stem cells: they are self-renewable, tumorigenic, and
differentiable [4]. The TSC hypothesis opened a new era in
understanding the initiation and progression of cancers.
Studies showed that TSC are responsible for tumor growth
[5, 6]. However, this topic remains largely uninvestigated
because of the absence of reliable specific markers for TSC,
especially in head and neck squamous cell carcinomas
(HNSCC). Recent studies have reported CD44 and CD133
as the putative markers of TSC in HNSCC. Prince et al.
identified a subpopulation of cells with cancer stem cell
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properties and proved CD44 as a specific marker for TSC in
hypostatic HNSCC [7, 8]. Wei et al. reported CD133 as a
putative marker of TSC in the HEP-2 cell line in vitro [9]. In
the current study, we hypothesized that TSC identified by
CD44 and CD133 in hypostatic tumors might be quite
important as a risk factor for lymph node metastasis.
The goal of the present study was to determine whether a
relationship exists between TSC and lymph node metastasis
in primary supraglottic carcinomas. To our knowledge,
such comparison has not been carried out in other studies.
We showed that (a) TSC, identified as CD44-positive cells,
were significantly higher in N+ than in N0; and (b) CD133
expression was not restricted to TSC. Parts of CD133positive cells were negative for CD44. To be more precise,
CD44-positive cells were responsible for lymph node
metastasis, while CD133 was unspecific for TSC identification. This will help us as we conduct further research on
TSC, and the mechanism of lymph node metastasis will
provide support for tumor therapy.
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Interpretation of Immunohistochemical Staining

Patients and Methods

For CD44 and CD133 expressions, positive cells were
stained dark brown and both detected as cytoplasmic
immunoreactivity within the tumor mass. The intensity of
immunohistochemical staining was randomly evaluated in
five areas of the slide sections under 100× objects. The
lymphatic vessels were considered positive if the vessels
were stained claybank by LYVE-1. The quantification of
lymphatic vessels was conducted using the methods of
Daisuke Mori [13]. Briefly, we detected two compartments:
the peritumoral compartment, a 2 mm-wide area around the
tumor mass, and the intratumoral compartment, an area
located within the tumor mass. The LVD was defined by
counting the number of LYVE-1 positive vessels in the two
selected areas and adding the number up for an average
vessels count. All slides were validated by two investigators
independently. The validation was performed in a blind
manner or without knowledge of the eventual clinical
parameters. When differences between inter-observers
occurred, the respective slides were reinvestigated jointly
by both investigators.

Patients

RNA and Protein Detection for CD44 and CD133

A total of 66 patients with supraglottic carcinoma (30 cases
N+ and 36 cases N0) at Provincial Hospital affiliated to
Shandong University from 2006 to 2008 were studied.
Hibateral neck dissection and primary tumor resection was
performed in all selected patients. The mean age of these
patients was 59.5 (range 40∼78). All specimens were
embedded in paraffin for study by the same researcher.

Total RNA was extracted using TRIzol (Invitrogen) from 12
primary tissues (6 of each for N0, and N+) and frozen
quickly into liquid nitrogen after surgical excision. Expressions of CD44 and CD133 mRNA were determined through
RT-PCR using M-MuL V reverse transcription (Takara). βactin was used as standard. The primers were as follows:
CD44: Sense: 5′ AGCGGCTCCTCCAGTGAAA3′;
Anti-sense: 5′TCTGTCTGTGC TGTCGGTGATC3′;
CD133: Sense: 5′CTGGTGGGGTATTTCTTTTGTATG3′;
Anti-sense: 5′ AACGCCTTGTCCTTGGTAGTG3′. βactin: Sense: 5′CTCCTTAAT GTCACGCACGATTT3′;
Anti-sense: 5′GTGGGGCGCCCCAGGCACCA3′. Total
protein was extracted from eight primary tissues (N0, N+
equally half) frozen in-80°C freezer using radioimmune
precipitation buffer (RIPA) protein lysis buffer under protocols. The Bradford method was used to determine the protein
concentration of the supernatant. The samples (40 μg of total
protein each) were used for Western blot analysis with the
primary antibodies (CD44, 1:5000; CD133, 2 μg/ml; β-actin,
1:2000). The CD44, CD133, and β-actin bands were
visualized at apparent molecular weights of 82 kDa,
110 kDa, and 43 kDa, respectively.

Immunohistochemistry
Paraffin-embedded laryngeal cancer sections (4 μm thickness) were dewaxed and subjected to antigen retrieval
through water bathing in 0.01 M citric buffer (pH 6.0) at
95∼98°C for 15 min. To quench endogenous peroxidase,
sections were incubated in 3% hydrogen peroxide solution
(H2O2) for 30 min. Non-specific binding was prevented by
incubating the samples in 10% normal goat serum for
30 min in a humid chamber. The slides were incubated
overnight at 4°C in antibodies for LYVE-1 (Abcam,
Rabbit polycolonal antibody, 5 μg/ml), CD44 (Abcam,
Rabbit monocolonal antibody, 1:100), and CD133
(Abcam, Rabbit polycolonal antibody, 1:200). For the
negative control, equal PBS was used instead of primary
antibodies. After being washed, the primary antibody was
detected with an appropriate secondary antibody for
30 min at 37°C. 3, 3′-diamino-benzidine tetrahydrochloride (DAB) solution was used to visualize positive staining,
and haematoxylin was used to counterstain the nucleolus.

Statistical Analysis
Statistical analyses were performed using the SPSS statistical software (version 13.0; SPSS Inc, Chicago, Ill). To test
the associations between CD44, CD133, LVD, and clinical
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Fig. 1 Immunohistochemistry
of LYVE-1 in supraglottic
carcinoma. a A large patent of
LYVE-1 positive lymphatics at
the tumor margin. b Some small
LYVE-1 positive vessels inside
carcinoma tissue. c LYVE-1
positive vessels stream between
different cancer nests.
d Lymphatic invasion at the
periphery of tumors. e The
adjacent blood vessel surrounded by a smooth muscle
which contained red blood cells
was negative for LYVE-1
immunostaining. f Tumor cells
inside some LYVE-1 positive
vessels

Table 1 Associations between CD44, CD133 expressions and clinicopathological parameters in supraglottic carcinoma
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Fig. 2 Immunohistochemistry
of CD44 and CD133 in
supraglottic carcinoma. PBS
was added to slide instead of
primary antibody as negative
control, and no stained was
detected (Fig. 2A-a: CD44
negative control, Fig. 2B-a:
CD133 negative control). In
CD44-positive samples, there
were about 5∼10% cells stained
by CD44 (Fig. 2A-b). Most
CD133-positive slides were in
sheets highlighted under DAB
(Fig.2B-b)

nodal stages, we used the X2 test for trends or the Fisher
exact test for categorical variables. P values of less than
0.05 were considered significant.

Results
Quantification of LVD
The numbers of lymphatic vessels in N+ and N0 samples
were counted under the microscope using 100× objectives.
Any discrete LYVE-1 positive structure, regardless of the
presence of lumens, was counted as one lymphatic vessel.
The LVD detected through immunohistochemistry was
22.4±10.26 in 30N and 6.8±4.09 in 36N0 samples. A
large patent of LYVE-1 positive vessels was detected
mainly at the tumor margin (Fig. 1a). Some small LYVE1 positive vessels could also be seen inside the carcinoma
tissue (Fig. 1b). Many LYVE-1 positive vessels were
detected between different cancer nests like stream
(Fig. 1c). The presence of lymphatic invasion was usually
located at the periphery of the tumors (Fig. 1d). The
adjacent blood vessel surrounded by a smooth muscle
which contained red blood cells was negative for LYVE-1
immunostaining (Fig. 1e). Tumor cells were detected inside
some LYVE-1 positive vessels (Fig. 1f).
CD44 and CD133 Expressions by Immunohistochemistry
CD44-positive cells were detected in 43.33% of the 30 case
samples of N+ (13/30) and 13.89% of the 36 case samples of

N0 (5/36). For CD133, more positive cells were detected both
in N+ and N0 samples than for CD44 (28/30 in N+, 16/36 in
N0). Associations between CD44, CD133 expressions and
their clinicopathological parameters in supraglottic carcinoma
were studied as shown in Table.1. Statistical significance
could be found between clinical nodal stages both for the
CD44 and CD133 expressions (P<0.05). However, for slides
that were CD44-positive, there were about 5∼10% high-

Fig. 3 mRNA and protein levels of CD44 and CD133 in N+ and N0
tissues obtained through RT-PCR and western blot. a CD44 and
CD133 mRNA in N+ and N0 samples, with β-actin as standard. Lanes
1∼6 presents six different N+ tissues, while lanes 7∼12 present six
different N0 tissues. b Expressions of CD44 and CD133 by Western
blot. Lanes 1∼4 presents four different tissues with N+, while lanes
5∼8 present four different N0 tissues
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lighted cells by CD44 antibody (Fig. 2A-b), with negative
control group no stained (Fig. 2A-a). For CD133, most
positive slides were in sheets highlighted under DAB or
about 70∼85% cells stained in each slide (Fig. 2B-b), with
negative control group no stained (Fig. 2B-a). Results
showed that there were 26 cases with high expression for
CD133 but no expression for CD44 in 66 studied tumors in
total, indicating that CD133 expression maybe not restricted
to TSC.
RT-PCR and Western Blot Analysis for CD44 and CD133
Twelve case samples were selected randomly for RNA
extraction, including six N+ and six N0 samples. The RTPCR results showed that the CD44 and CD133 mRNA in N+
experimental samples were about five times higher than those
of N0, with β-actin as standard (Fig. 3a). Eight case samples
(four N+ and four N0) were randomly extracted for proteins.
The results showed that the expressions of CD44 and CD133
in the N+ group were up-regulated by Western blot
compared with N0 samples (Fig. 3b).

Discussion
Lymph node metastasis is a frequent reason for adverse
clinical outcome in many carcinomas, including HNSCC [9].
Recently, a large number of reports on lymphangiogenesis
have affirmed the existence and significance of lymphatic
vessels, which are associated with tumor growth and
metastasis in HNSCC [10]. LVD is defined as the number
of lymphatic vessels in each slide or average area [11, 12].
Two compartments were defined to distinguish lymphatic
vessels in different regions of tumors: the peritumoral (a
2 mm-area around the tumor mass) and intratumoral
compartments (the area located within the tumor mass).
Peritumoral lymphatic vessel density (P-LVD) refers to the
LVD of the peritumoral compartment, while intratumoral
lymphatic vessel density (I-LVD) refers to the LVD of the
intratumoral compartment [13]. Several studies have reported
the clinical significance of P-LVD and I-LVD respectively
for tumor growth and progression [14, 15]. In the current
study, lymphatic endothelial marker LYVE-1 was used to
identify lymph vessels. LVD was quantified by counting the
total number of LYVE-1 positive vessels in the peritumoral
and intratumoral compartments. Our results showed that the
LVD in N+ tumors was significantly higher than that in N0
in 66 primary supraglottic carcinomas, which was consistent
with their clinical nodal stages.
TSC are also known as tumor initiating cells (TIC). Four
key characteristics are used to define the TSC subpopulation:
(1) only a small portion of the cancer cells in the tumor tissue
has tumorigenic potential; (2) the TSC subpopulation can be
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separated from the other cancer cells through distinctive cell
surface markers; (3) tumors resulting from the TSC contain
mixed tumorigenic and nontumorigenic cells of the original
tumor; and (4) the TSC subpopulation can be serially
transplanted through multiple generations, indicating that it
is a self-renewing population [16–18]. TSC identification is
the first step to investigating their further characteristics.
Cells within the CD44+ population of human cancers were
reported to possess the unique properties of cancer stem
cells, including HNSCC [19–21]. By applying CD44 as a
specific marker, we investigated 43.33% and 13.89% CD44positive samples (P<0.05) in 66 primary supraglottic
carcinomas, which indicated the possible role of TSC in
lymphatic metastasis. There were also 5∼10% cells positive
for CD44 in each slide, which was consistent with the
characteristics of TSC in a small portion. RT-PCR and
Western blot inspected and verified the same results.
CD133 is one of the markers for TSC in human
laryngeal tumors of the Hep-2 cell line. Applying magnetic
cell sorting technology, CD133 positive cells from a Hep-2
cell line have been reported to be tumorigenic [9]. CD133
has also been reported for TSC identification in various
tumors [22–27]. In this study, 93.33% and 44.44% CD133positive samples were detected for N+ and N0, respectively,
which also suggested the important role of CD133 in
lymphatic metastasis. Further, 70∼85% cells were CD133
positive in the same sample compared with CD44, which
indicated that 60∼70% CD133-positive cells were negative
for CD44. This suggested that CD133 expression was not
specific for TSC. RT-PCR and Western blot exhibited the
same results. As we know, experiments in vitro could not
fully reflect the status in vivo due to the various limitations
of cell lines, especially their separation from the complex
microenvironment in vivo. Another study reported that
CD133 expression is not restricted to stem cells, and that
both CD133+ and CD133− metastatic colon cancer cells
initiat tumors [28]. We hypothesize that CD133 may be an
unspecific marker for TSC identification in hypostatic
supraglottic carcinoma.
TSC, as identified by CD44 positive cells, may be
responsible for lymph node metastasis in supraglottic
carcinoma, providing a new perspective for cancer therapy.
CD133, another possible TSC marker, may be unspecific
for TSC identification in hypostatic supraglottic carcinoma.
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