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CD147 expression correlates with lymph node metastasis in
T1-T2 squamous cell carcinoma of the tongue
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Abstract. Cervical lymph node metastasis causes a poor prog-
nosis in cases of stage T1-T2 squamous cell carcinoma (SCC)
of the tongue. Recent studies have reported that cluster of
differentiation (CD)147, also known as extracellular matrix
metalloproteinase inducer, contributes to tumor progression.
The present study evaluated the role of CD147 in the tumori-
genesis of SCC of the tongue in vitro, as well as the association
between CD147 expression and cervical lymph node metas-
tasis in clinical samples of SCC of the tongue. Tongue SCC
cell lines were used to evaluate in vitro tumorigenesis. In addi-
tion, 41 patients with clinical stage T1-T2 tongue SCC were
assessed with a histopathological analysis. Univariate and
multivariate analysis were performed to investigate the risk
of cervical lymph node metastasis associated with histopatho-
logical findings. In the in vitro study, cell invasiveness was
upregulated by S100 calcium-binding protein A9 (S100A9)
stimulation and downregulated following CD147-blocking
antibody treatment. The univariate and multivariate analyses
identified CD147 expression in the invasive tumor front as an
independent risk factor for metastasis. It was concluded that
CDI147 induces tongue carcinoma cell invasion through its
interaction with SI00A9. Thus, an evaluation of the extent of
CD147 expression in cancer cell nests at the invasive tumor
front may help in predicting cervical lymph node metastasis in
patients with clinical NO T1-T2 tongue SCC.

Introduction

Clinically, cervical lymph node metastases causes a nega-
tive prognosis in patients with head and neck squamous cell
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carcinoma (HNSCC), particularly those with stage T1-T2 SCC
of the tongue (1). However, cervical lymph node metastases are
difficult to detect, and the determination of which cases should
undergo neck dissection surgery remains controversial (2,3).
Various methods to predict cervical lymph node metastasis
have been proposed in an attempt to improve the prognosis of
patients with T1-T2 SCC of the tongue, including the use of
predictive clinical factors such as tumor size or invasion depth,
and pathological factors such as differentiation phenotype and
vascular invasion (4). Previous studies have also reported corre-
lations between the expression levels of specific proteins and
lymph node metastases (5,6). Therefore, lymph node metastasis
prediction has been examined from a number of angles.

According to several previous studies, cluster of differ-
entiation (CD)147, also known as extracellular matrix
metalloproteinase (MMP) inducer, is overexpressed in cancer
cells, and induces malignant characteristics in various types of
tumor, including HNSCC (7,8). Notably, CD147 expression has
been associated with lymph node metastasis in HNSCC (9).
However, the role of CD147 in the progression of tumors,
including HNSCC, is not completely understood yet, and
the detailed role of CD147 in lymph node metastasis has not
been evaluated in the context of T1-T2 SCC of the tongue.
Accordingly, detailed basic and clinical studies of CD147 are
required to improve the prognosis of patients with HNSCC.

A large number of studies have attempted to reveal the
mechanisms underlying CD147-induced tumorigenicity (10,11).
In our previous study, it was reported that CD147 increased
HNSCC cell invasiveness, proliferation and drug resistance
through interactions with its ligand, cyclophilin A (12). Thus,
further analysis of CD147 and its ligands is important.

S100 calcium-binding protein A9 (S100A9) belongs to the
calcium-binding protein family, which comprises 21 subfami-
lies, each of which has various functions that are associated with
inflammation or tumor progression (13,14). Previous reports
have indicated that SIO0A9 is overexpressed and contributes to
cancer progression in several types of solid tumor (14). Notably,
S100A9 was previously reported to be a specific ligand of
CD147 (11). However, the role of SI00A9-CD147 interaction
in HNSCC has not been elucidated to date. In the present
study, the association of CD147 expression with cervical lymph
node metastasis in T1-T2 SCC of the tongue was evaluated
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retrospectively. In addition, the role of the SI00A9-CD147
interaction in SCC of the tongue was assessed.

Materials and methods

Cell lines and cell culture. SAS and HSC-3 cell lines, which
are derived from human SCC of the tongue and express
CD147 (15,16), were obtained from the Japanese Collection of
Research Bioresources Cell Bank (Osaka, Japan). FaDu cells, a
human hypopharyngeal SCC cell line that expresses CD147 (17),
were a kind gift from the Department of Cell Biology and
Morphology, Akita University Graduate School of Medicine
(Akita, Japan). Cells were maintained in Dulbecco's modi-
fied Eagle's medium (DMEM; Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) supplemented with 10% heat-inactivated
fetal bovine serum (FBS; Sigma-Aldrich; Merck KGaA) and
incubated at 37°C in the presence of 5% CO,.

Western blotting. SAS, HSC-3 and FaDu cell lines were lysed
in detergent containing 1% NP-40, 0.1 mM phenylmethyl-
sulfonyl fluoride, 1 mg/ml leupeptin and 1 mg/ml aprotinin,
and protein levels were determined using the Bio-Rad protein
assay method (Bio-Rad Laboratories, Inc., Hercules, CA,
USA). Total protein (40 ug) was separated on 8% SDS-PAGE
gels and transferred to nitrocellulose membranes using the
semi-dry transfer machine (Bio-Rad Laboratories, Inc.).
Membranes were blocked with 5% skimmed milk/TBS with
Tween-20 (TBS-T) solution for 2 h at room temperature, and
incubated with primary antibodies including against 3-actin
(dilution 1:1,000, cat. no. ab8227; Abcam, Cambridge, UK)
and CD147 (rabbit anti-human polyclonal, dilution 1:1,000,
cat. no. sc-13976; Santa Cruz Biotechnology, Inc.), in 5%
skimmed milk/TBS-T overnight at 4°C. Subsequent to
washing with TBS-T three times, membranes were incubated
for 1 h at room temperature with a goat anti-rabbit horseradish
peroxidase-conjugated secondary antibody (dilution 1:3,000,
cat. no. 170-6515; Bio-Rad Laboratories, Inc.). The filters were
rinsed with TBS-T three times, and the blot was developed
using Luminol reagent (Santa Cruz Biotechnology Inc., Dallas,
TX, USA) by autoradiography.

Matrigel invasion assay. Cell invasiveness was evaluated
in vitro using Matrigel-coated semipermeable modified
Boyden inserts with a pore size of 8 ym (BD Biosciences,
Franklin Lakes, NJ, USA). SAS and HSC-3 cells were plated at
a density of 2.5x10* cells per insert in serum-free medium with
S100A9 (100 nM; ATGen Co., Ltd., Gyeonggi, South Korea),
anti-CD147 function-blocking antibody (10 pxg/ml, UM-8D6,
cat. no. I0R-CDI147aHU; Research Diagnostics, Inc., Flanders,
NJ, USA), for which the blocking activity has been previously
described (18,19), a negative control mouse IgG (10 ug/ml, cat.
no. X0931; Santa Clara, CA, USA) or a combination of SI00A9
with anti-CD147 or control IgG. The lower chamber contained
DMEM with 10% FBS as a chemoattractant. To control for the
effect of inhibitors on cell growth, the cells were also plated
in parallel in a 96-well plate with identical conditions. After
48 h of treatment at 37°C in a 5% CO, incubator, the cells on
the upper side of the insert were removed by wiping gently
with a cotton swab. Cells on the reverse side of the insert were
fixed and stained using Differential Quik Stain kit (Sysmex
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Corporation, Kobe, Japan) according to the manufacturer's
instructions. Invading cells in four representative fields were
manually counted using light microscopy at x200 magnifi-
cation. The mean + standard deviation was calculated from
three independent experiments. Cells in the 96-well plate were
further assessed via an MTT assay to identify the relative
quantity of viable cells. Produced formazan was dissolved in
dimethyl sulfoxide and the concentration was determined by
optical density at 570 nm. The numbers of invading cells were
adjusted accordingly. MTT and DMSO were purchased from
Nacalai Tesque, Inc. (Kyoto, Japan).

Patients. A total of 41 patients (including 25 male and
16 female patients) with previously untreated, clinically
diagnosed stage I and II (T1 and T2 without lymph node
metastasis, respectively) SCC of the tongue and pathologically
confirmed subepithelial invasion, who underwent surgery
between April 2007 and November 2012 at the Department
of Otolaryngology, Akita University Hospital (Akita, Japan),
were retrospectively enrolled in the present study. The tumors
were classified according to the 2002 Union for International
Cancer Control staging system (20). All patients presented
with T1 or T2 primary lesions at the clinical or radiological
stage NO (T1NO, 12 patients; T2NO, 20 patients). The patients
ranged in age from 33 to 83 years (median, 65.8 years; Table I).
Patients were followed up for >12 months after surgery.

Patients with clinically diagnosed T1/T2 NO SCC of the
tongue underwent sentinel lymph node (SLN) biopsy, and those
with positive SLNs underwent neck dissection. In the present
study, patients whose lymph node metastases were detected
by SLN biopsy and those whose lymph node metastases were
detected during the follow-up period were classified into the
lymph node metastasis-positive group.

Immunohistochemistry and classification of pathological
findings. Excised primary tumor specimens were fixed with
10% neutral buffered formalin, and consecutive sections were cut
every 5 mm and 4-ym thick tissue sections were obtained. The
sections were stained with hematoxylin and eosin, and the section
containing the invasive tumor front was selected for further anal-
ysis. The previously described polyclonal anti-CD147 antibody
was used as the primary antibody for immunohistochemical
staining. In brief, 4-um-thick sections were deparaffinized and
were initially autoclaved for 15 min at 121°C. Sections were
then were blocked with 0.3% hydrogen peroxide in methanol
for 30 min at room temperature and with 10% normal rabbit
serum/Tris (Vector Laboratories, Inc., Burlingame, CA, USA)
for 30 min at room temperature. All sections were kept overnight
at 4°C in phosphate-buffered saline (PBS) containing the rabbit
anti-human CD147 polyclonal antibody (dilution 1:200), followed
by a 1 hincubation with biotinylated anti-rabbit IgG (ready-to-use
dilution, cat. no. ab64256; Abcam) at room temperature. The
sections were washed with PBS, and protein expression was
detected with the Vectastain avidin-biotin complex kit (Vector
Laboratories, Inc.) according to the manufacturer's instructions,
and then reacted with diaminobenzidine (Nacalai Tesque, Inc.)
for 3 to 5 min at room temperature.

A pathologist and a surgeon evaluated the CD147 immuno-
histochemical staining. CD147 expression in a cancer cell nest
at the invasive tumor front was identified and scored according
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Figure 1. The tongue SCC cell lines SAS and HSC-3 express CD147. CD147
protein expression was detected by a western blotting of the tongue SCC cell
lines SAS and HSC-3. CD147-positive FaDu cells were used as a positive
control. (A) Representative western blotting of CD147 levels in the afore-
mentioned cells. (B) Densitometry analysis was performed on the blots of
CD147 expression levels relative to CD147 expression in FaDu cells. Data
are expressed as the mean + standard deviation from three repetitions.
SCC, squamous cell carcinoma; CD147, cluster of differentiation 147.

to the staining strength and intensity at x200 magnification
under light microscopy. Areas of CDI147 staining received a
score of 0 if <10% of cells of the tumor nest were stained, a
score of 1 if 210% but <50% of cells of the tumor nest were
stained, and a score of 2 if =50% of cells of the tumor nest
were stained. The CD147 staining intensity was also scored
from O to 2 (negative, weak or strong staining, which we
scored as 0-2, respectively), and a CD147 index (range, 0-4)
was calculated, as CD147-positive area score (0-2) x CD147
intensity score (0-2). An index of 4 was classified as positive
upon setting the cut-off value at 3.5, which was the mean value
of the CD147 index.

In addition, hematoxylin and eosin-stained samples were
examined to determine the SCC differentiation type, the pres-
ence or absence of lymphovascular, vascular and perineural
invasion, and the depth of invasion. Samples were classified
according to the pathological findings as poorly, moderately or
well differentiated, and assessed for the presence or absence
of lymphovascular, vascular and/or perineural invasion. The
invasion depth was classified as =5 or <5 mm, according to a
previous study on increased cervical lymph node metastasis at
invasion depths exceeding 4-5 mm (20).

Statistical analysis. Statistical analyses were performed
using JMP 11 software (SAS Institute, Inc., Cary, NC, USA).
A two-tailed Mann-Whitney U test was used to assess the
statistical significance of differences in the invasion studies.
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Figure 2. SI00A9 induces tongue SCC cell invasion through its interaction
with CD147. Cell invasiveness was evaluated in vitro using a Matrigel inva-
sion assay. (A) SAS and (B) HSC-3 tongue SCC cells were plated in the inserts
in serum-free medium with or without SI00A9 (100 nM), Ab (10 pg/ml), IgG
(10 pg/ml) or acombination of SIO0A9 with Ab or SI00A9 with IgG. Untreated
cells were used as a control. The results are shown as fold-changes in inva-
sion relative to the control. Both (A) SAS and (B) HSC-3 cell invasiveness
increased in response to SI00A9 stimulation, and the addition of Ab reversed
this increase. The experiment was repeated three times, and fold invasiveness
relative to control was expressed as the mean + standard deviation. "P<0.05
compared with the NoTX group. SI00A9, S100 calcium-binding protein A9;
SCC, squamous cell carcinoma; CDI147, cluster of differentiation 147,
Ab, antibody; IgG, immunoglobulin G; NoTX, no treatment.

Univariate and multivariate analyses were performed using a
logistic regression model to evaluate risk factors for metastasis.
P<0.05 was considered to indicate a statistically significant
difference.

Results

SAS and HSC-3 cells express CDI47. Prior to evaluating the
role of CD147 in the tongue SCC cell lines SAS and HSC-3,
its relative protein expression was determined by western blot-
ting. FaDu, a human hypopharyngeal SCC cell line reported to
express CD147, was used as a positive control. SAS and HSC-3
cells were observed to express CD147 at a high level (Fig. 1),
indicating that they were suitable for use in further studies.

SI100A9 induces tongue SCC cell invasion through its
interaction with CD147. As tumor cell invasion is an important
stage in the metastasis cascade, there is a focus on invasion
control as a target for clinical tumor suppression (21,22). To
improve the understanding of the mechanisms underlying
tongue SCC cell invasion, SAS and HSC-3 cells were seeded
into Matrigel invasion chambers and stimulated with SI0O0A9.
The results are presented in Fig. 2. Notably, the invasiveness of
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Figure 3. CD147 expression in cancer nests at the invasive tumor front. Immunohistochemical analysis of (A) CD147-positive, index=4 (positive area, 2;
intensity, 2), (B) CD147-negative, index=2 (positive area, 2; intensity, 1) and (C) CDI147-negative, index=0 (positive area, 0; intensity, 0) specimens.

Magnification, x200; scale bar, 100 gm. CD147, cluster of differentiation 147.

Table I. Patients' characteristics and pathological findings.

Variables Patients, n
Total 41
Sex

Male 25

Female 16
Age (years)

Median 65.8

Range 33-83
Tumor stage

T1 12

T2 29
CD147 index

0 6

1 7

2 16

4 12
Differentiation type

Poor 4

Moderate 18

Well 19
Vessel invasion

Positive 32

Negative 9
Lymph vessel invasion

Positive 28

Negative 13
Perineural invasion

Positive 13

Negative 28
Invasion depth

=5 mm 23

<5 mm 18

CD147, cluster of differentiation 147.

SAS and HSC-3 cells increased when the cells were co-cultured
with SI00A9 (P<0.05). To determine whether this increased

Table II. Associations between histopathological findings and
metastasis.

Metastasis (n)

Metastasis

Characteristics Positive Negative rate (%)
CD147

Positive 7 6 53.8

Negative 4 24 143
Differentiation type

Moderate/poor 9 13 409

Well 3 16 15.8
Vascular invasion

Positive 11 21 344

Negative 1 8 11.1
Lymphovascular invasion

Positive 9 19 32.1

Negative 3 10 23.1
Perineural invasion

Positive 5 8 38.5

Negative 7 21 25.0
Invasive depth (mm)

>5 7 16 304

<5 5 13 27.8

CD147, cluster of differentiation 147.

invasiveness was mediated by the SI00A9-CD147 interaction,
a CD147 function-blocking antibody was added to the invasion
assay. The antibody treatment reversed the increased invasive-
ness in SAS and HSC-3 cells (P<0.05), indicating that SI00A9
induced tongue SCC cell invasion by stimulating CD147.

Analysis of pathological findings. Among the evaluated pati-
ents, the total rate of metastasis was 29.3% (12/41), with 16.7%
(2/12) and 34.5% (10/29) of patients with T1 and T2 disease
exhibiting metastasis, respectively. In the clinical samples, the
CD147 scores for cancer nests at the invasive tumor front were
as follows: 0, 6; 1, 7; 2, 16; and 4, 12 cases. Accordingly, the
12 cases scored as 4 were defined as positive, and the remaining
27 cases as negative for CD147 expression (Fig. 3).
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Table III. Univariate and multivariate analyses for risk factors related to metastasis.

Univariate analysis

Multivariate analysis

Variable P-value HR 95% CI P-value HR 95% CI
CD147 (positive vs. negative) 0.013* 6.720 1.50-30.07 0.028° 7.842 1.24-49 .41
Differentiation type (poor or moderate vs. well) 0.087 3.690 0.83-16.51 0.079 5974 0.81-43.98
Vessel invasion (positive vs. negative) 0.202 4.190 0.46-37.94 0.197 5.343 0.42-68.13
Lymphatic vessel invasion (positive vs. negative) 0.554 1.580 0.35-7.18 0.632 0.598 0.07-4.89
Perineural invasion (positive vs. negative) 0.381 1.880 0.46-7.66 0.442 0.470 0.07-3.23
Invasive depth (=5 vs. <5 mm) 0.853 1.140 0.29-4.44 0.705 0.705 0.11-4.32

“P<0.05 by univariate and multivariate logistic regression analyses. HR ,hazard ratio; CI, confidence interval; CD 147, cluster of differentiation 147.

Regarding the other histopathological findings, 18 cases
were poorly differentiated, 4 cases were moderately differ-
entiated and 19 cases were well differentiated. In addition,
32 patients exhibited vascular invasion, 28 lymphovascular
invasion and 13 perineural invasion. Regarding the depth of
invasion, 23 cases had a depth of =5 mm and 18 had a depth
<5 mm. The patients' characteristics and pathological findings
are summarized in Table I.

The following metastasis rates were associated with each
pathological finding: CD147 positivity, 53.8%j; poor or moderate
differentiation, 40.9%; vascular invasion, 34.4%; lymphovas-
cular invasion, 32.1%; perineural invasion, 38.5%; and invasion
depth =5 mm, 30.4%. The associations between histopatho-
logical findings and metastasis are summarized in Table II.

CDI147 serves as a predictor of lymph node metastasis in
patients with clinical stage NO, TI-T2 SCC of the tongue.
Table IIT shows the results of univariate and multivariate
analyses of the risk factors for lymph node metastasis. The
univariate analysis identified a significantly higher incidence of
lymph node metastasis among CD147-positive cases (P=0.013).
However, the differentiation type, vascular invasion, lympho-
vascular invasion, perineural invasion and invasion depth did
not significantly impact the lymph node metastasis risk. A
multivariate analysis confirmed that CD147 expression was an
independent risk factor for lymph node metastasis in patients
with clinical stage NO, T1-T2 SCC of the tongue (P=0.028).

Discussion

A number of rich lymphatic intercommunications associated
with other regions of the mouth predispose tongue cancers
to metastasize to the cervical lymph nodes (regional lymph
nodes) at a relatively early stage (2); therefore, control of
these lymph node metastases is an extremely important
prognostic factor. Similarly, for SCC of the tongue, the pres-
ence or absence of metastasis to the cervical lymph nodes is
among the most critical factors in early SCC of the tongue,
particularly at stages T1 and T2 (1). Although neck dissection
surgery is the most effective means of controlling cervical
lymph node metastasis, it is difficult to preoperatively
predict such metastases (23). This has led to controversy, as
certain clinicians recommend prophylactic neck dissection,

whereas others suggest avoiding unnecessary neck dissection
to prevent complications (2,3). Accordingly, an evaluation
method that can accurately detect the presence of potential
lymph node metastases is required.

Various attempts have been made to predict potential
cervical lymph node metastasis, including classifications based
on clinical findings such as the tumor diameter, invasive-
ness and thickness (20), as well as recent trials investigating
biological characteristics such as specific protein expression in
cancer cells (6,24). Regarding the latter, associations have been
reported between podoplanin, Smad interacting protein 1 and
E-cadherin expression, and cervical neck lymph node metas-
tasis in patients with early-stage SCC of the tongue (6,24).
Based on these previous reports, the present study investigated
the association of CD147 expression in cancer nests at the
deepest invasion site (a component of the invasive tumor front)
with cervical lymph node metastasis in patients with early-stage
SCC of the tongue. The results indicated that high CD147
expression in cancer nests at the invasive tumor front was an
independent risk factor for cervical lymph node metastasis.

CD147 was originally investigated as inducer of MMPs (25).
MMPs mediate the dissolution of the basement membrane and
extracellular matrix, and are thus indispensable for cancer cell
invasion into the vascular system and metastasis (26). The roles
of MMPs were previously examined in various solid carci-
nomas, including head and neck cancers (27-29). Additionally,
our group previously described the role of CD147 in HNSCC
cell invasiveness and migration (12,30). In addition, associa-
tions of CD147 expression with cervical lymph node metastasis
and poor prognosis have been reported in hypopharyngeal (31)
and laryngeal (7) cancers. Therefore, the potential correlation
between CD147 and tumor progression, including metastasis
within the head and neck region, has garnered attention.

Although specific protein expression patterns in tumors
can predict lymph node metastasis and, thus, a poor prognosis,
the evaluation methods remain controversial. Various methods
for evaluating specific protein expression in tumor tissues have
been reported (6,24). However, previous studies on metastasis
have reported changes and reductions in the functions of cell
adhesion molecules, as well as changes in cellular proper-
ties advantageous to metastasis, along the invasive tumor
front (32-35). These studies, therefore, have highlighted the
usefulness of evaluating the invasive tumor front of malignant
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tumors. The importance of evaluating the expression of
specific proteins at the invasive tumor front of early-stage SCC
of the tongue was also previously reported (32).

According to previous studies, CD147 is expressed in
invadopodia, which occur on cells at the frontline of tumor
invasion, and controls the function of invadopodia by inducing
MMPs (33). These findings suggest the induction of large
quantities of MMP at the invasive tumor front in response to
CD147 overexpression. Therefore, patients with high levels
of CDI147 expression in cancer nests at the invasive tumor
front may be at a higher risk of metastasis due to increased
invasion following the increased degradation of the basement
membrane and extracellular matrix.

Notably, in the present study, the results of a cell invasion
assay demonstrated that CD147 increased the invasive ability
of tongue SCC cells through its interaction with SI00A9.
Upregulated SI00A9 expression has been reported in various
types of malignant tumors, including SCC of the tongue (13,36).
Accordingly, it is possible that, in tongue SCC cells, a high level
of CDI147 expression induces metastasis through increased
interactions with SI00A9. However, elucidation of the detailed
mechanism by which CD147 promotes tumor progression is
required to determine the clinical role of this protein.

When evaluating a cancer nest at the invasive tumor front,
it may be necessary to identify the invasive tumor front from
an excised whole-tumor specimen. Therefore, this method
may not not suitable for preoperative predictions of metastatic
potential in clinical NO cases, in which biopsy specimens
comprise only a part of the tumor. However, this method could
be used as a predictor of late metastasis, as stage T1-T2 SCC of
the tongue is often followed up subsequent to primary tumor
resection without neck dissection. In addition, this method
typically requires time for immunostaining prior to diagnosis;
however, a technique that enables immunostaining during
surgery has been reported (37). If this technique is incorpo-
rated, the evaluation of CD147 expression at the invasive tumor
front may be a criterion for deciding whether neck dissection
should be performed during a primary lesion resection in
cases of T1-T2 SCC of the tongue. Therefore, it is necessary to
carefully examine the clinical usefulness of CD147.

In conclusion, it has been determined that CD147 exerts
its effects on the invasiveness and metastasis of SCC of the
tongue through its interactions with SI00A9, and that its over-
expression correlates with an increased risk of cervical lymph
node metastasis. These findings support the possible use of
CD147 overexpression as a marker of metastatic potential in
cases of SCC of the tongue.
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