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Abstract. Extracellular matrix remodeling crucial to 
tumorigenesis involves proteolytic enzymes, primarily matrix 
metalloproteinases (MMPs). MMP production is stimulated 
by multiple factors, including the extracellular matrix metallo
proteinase inducer EMMPRIN/CD147. Overexpression of 
EMMPRIN, a member of the immunoglobulin superfamily, 
promotes invasion, metastasis, growth and survival of malig-
nant cells. Cyclophilin A (CypA) is a multifunctional protein 
that promotes cancer progression in various cancer types. CypA 
can interact with and activate EMMPRIN; however, the role of 
CypA-EMMPRIN interaction in oncogenicity is not completely 
understood. To investigate tumorigenicity induced by the 
CypA-EMMPRIN interaction, we stimulated EMMPRIN-
expressing head and neck squamous cell carcinoma (HNSCC) 
cells with CypA. The 3-(4,5-dimethylthiazol-2-yl)-2,5-di-
phenyltetrazolium bromide dye assay revealed that HNSCC 
cell proliferation increased upon stimulation of the cells with 
CypA, whereas cisplatin-induced cell death decreased after 
stimulation. Gelatin zymography showed that CypA also 
induced MMP-9 up-regulation. Moreover, HNSCC cell inva-
sion through Matrigel™-coated membranes was increased upon 
stimulation of cells with CypA. This elevated invasive potential 
was abrogated by an EMMPRIN function-blocking antibody. 
These findings suggest that CypA, through its interaction with 
EMMPRIN, contributes to HNSCC tumorigenesis.

Introduction

Matrix metalloproteinases (MMPs) are a subfamily of 
endopeptidases, enzymes that degrade components of the 
extracellular matrix (ECM). Because disruption of ECM, 
including the basement membrane, which serves as a barrier 
between tissue compartments, is a crucial step in tumor 

progression, the role of MMPs has been studied in malignant 
tumors (1,2). In these tumors, MMP overexpression correlates 
with increased cancer invasiveness, both in vitro and in vivo 
and results in a poor prognosis (3).

A growing number of reports suggest that MMP expression 
in cancer tissue is promoted through soluble factors, such as cyto-
kines. In addition to several humoral factors, cell-cell interaction 
mediated by cell adhesion molecules such as the extracellular 
matrix metalloproteinase inducer EMMPRIN (also known as 
CD147) is important for MMP production in tumors (4‑7).

EMMPRIN, a membrane glycoprotein greatly enriched 
on the surface of tumor cells (8‑10), is known to stimulate 
increased MMP synthesis in tumor and neighboring stromal 
cells and promote tumor growth and lymphatic metastasis 
(11,12). EMMPRIN is highly expressed in head and neck 
squamous cell carcinoma (HNSCC) cells (13). We previously 
showed that EMMPRIN plays an important role in HNSCC 
progression through MMP production and activation (14,15).

Although increasing evidence implicates EMMPRIN in 
cancer progression, the precise mechanisms of EMMPRIN 
activation remain unclea r.  Homophilic EMMPRIN-
EMMPRIN interaction has been proposed to be a mechanism 
by which EMMPRIN could induce MMP production (7,16). 
In addition to the homophilic binding of EMMPRIN, recent 
studies reported that cyclophilin A (CypA) acts as a ligand for 
EMMPRIN (17,18). The importance of the CypA-EMMPRIN 
interaction has been reported in rheumatoid arthritis (19), foam 
cell formation (17) and also in several solid tumors (20‑22). 
However, the role of CypA and its interaction with EMMPRIN 
in HNSCC has not yet been evaluated.

In this study, we sought to investigate the functional role 
of CypA and its receptor EMMPRIN during the process of 
HNSCC progression in vitro. Using two HNSCC cell lines, 
we examined whether CypA induces tumorigenic behavior in 
HNSCC cells, such as cell proliferation, drug resistance and 
MMP expression. In addition, we evaluated CypA-induced 
HNSCC cell invasion, both with and without an EMMPRIN 
function-blocking antibody, to confirm the role of the CypA-
EMMPRIN interaction in HNSCC progression.

Materials and methods

Cell lines and culture. FaDu, a human hypopharyngeal 
squamous cell carcinoma cell line, was a kind gift from the 
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Department of Cell Biology and Morphology, Akita University 
Graduate School of Medicine (Akita, Japan). SAS, a human 
tongue squamous cell carcinoma cell line, was purchased from 
the Cell Engineering Division of RIKEN BioResorce Center 
(Tsukuba, Japan). The cells were maintained in Dulbecco's 
modified Eagle's medium (DMEM; Gibco-Invitrogen, Grand 
Island, NY, USA) supplemented with 10% fetal bovine serum 
(FBS) in a humidified atmosphere containing 5% CO2 at 
37˚C. For stimulation experiments, the FaDu and SAS cells 
were preincubated with serum-free DMEM and subsequently 
incubated with serum-free medium containing 400 ng/ml of 
CypA (Sigma-Aldrich, St. Louis, MO, USA).

Antibodies. A goat anti-EMMPRIN antibody, H-200 (Santa 
Cruz Biotechnology Inc., Santa Cruz, CA, USA), was used for 
immunoblotting. A mouse anti-EMMPRIN function-blocking 
antibody, UM-8D6 (Research Diagnostics Inc., Flanders, NJ, 
USA), was used for the inhibition studies; its blocking activity 
has been described previously (12,23).

Immunoblotting. The FaDu and SAS cells were lysed in deter-
gent containing 1% NP-40, 150 mmol/l NaCl, 1 mmol/l EDTA, 
0.1 mmol/l phenylmethylsulfonyl fluoride, 1 µg/ml leupeptin 
and 1 µg/ml aprotinin. Protein levels were then determined 
by the Bio-Rad protein assay method (Bio-Rad Laboratories). 
Total protein (40 µg) was separated on 8% SDS-PAGE gels 
and transferred to nitrocellulose membranes using a semi-dry 
transfer machine (Bio-Rad Laboratories). The membranes 
were blocked with 5% skim milk/TBS with Tween‑20 (TBS-T) 
for 1 h at room temperature and then incubated overnight at 
4˚C with primary antibodies in 5% skim milk in TBS-T. After 
washing thrice with TBS-T, the membranes were incubated 
for 1 h with a horseradish peroxidase-conjugated secondary 
antibody (Bio-Rad Laboratories) in 5% skim milk in TBS-T. 
The filters were rinsed thrice with TBS-T, and the blots were 
developed using luminol (Santa Cruz Biotechnology Inc.) and 
visualized by autoradiography.

Proliferation assay. The FaDu and SAS cells were plated in trip-
licate at a density of 2x104 per well and allowed to seed overnight 
in a 96‑well plate. The cells were grown in serum-free DMEM 
for 24 h prior to experimental treatments and then treated with 
the control vehicle PBS or CypA (400 ng/ml) in serum-free 
DMEM for 24 h. Metabolically active cells were labeled with 
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide 
(MTT) tetrazolium for 1 h and measured at 570 nm.

Drug resistance assay. Drug resistance was determined by the 
MTT (Sigma-Aldrich) assay. Briefly, the FaDu and SAS cells 
were plated in triplicate at a density of 2x104 per well and allowed 
to seed overnight in a 96‑well plate. The cells were grown in 
serum-free DMEM for 24 h prior to experimental treatments and 
then treated with either the control vehicle DMSO or cisplatin 
(0.5 µM) with or without CypA (400 ng/ml) in DMEM with 10% 
FBS for 24 h. Metabolically active cells were labeled with MTT 
tetrazolium for 1 h and measured at 570 nm.

Gelatin zymography. The FaDu and SAS cells were cultured 
overnight using ordinary serum-containing DMEM, washed 
with serum-free DMEM, and cultured further for 48 h in 

serum-free DMEM with or without 400 ng/ml CypA. This 
was followed by detection of gelatinolytic activity in the condi-
tioned media by gelatin zymography. Using a 7.5% separating 
gel containing 0.3 mg/ml gelatin, the conditioned medium was 
resolved by SDS-PAGE under non-reducing conditions. The 
gels were washed twice in 2.5% (w/v) Triton X-100 for 30 min 
at room temperature to remove SDS and then incubated for 
24 h at 37˚C in reaction buffer containing 50 mM Tris-HCl 
(pH 7.6), 5 mM CaCl2 and 2.5% Triton X‑100. Subsequently, 
the gels were stained with 2.5% (w/v) Coomassie Brilliant 
Blue R-250 in 30% (v/v) methanol and 10% (v/v) acetic acid. 
After destaining with 30% methanol and 10% acetic acid, 
gelatinolytic activities on the gel were detected as clear bands 
on a blue background of undigested gelatin.

Matrigel invasion assay. Cell invasiveness was evaluated 
in vitro using Matrigel™-coated semipermeable, modified 
Boyden chamber inserts with a pore size of 8 µm (Becton-
Dickinson/Biocoat). The FaDu and SAS cells (2.5x104) were 
plated in the insert containing serum-free medium with 
or without 10 µg/ml of the EMMPRIN function-blocking 
antibody. The lower chamber contained DMEM plus 10% 
FBS with or without 400 ng/ml of CypA, which served as 
a chemoattractant. To control the effect of inhibitors on cell 
growth, the cells were also plated in parallel in a 96‑well plate 
under identical conditions. After 48 h of treatment at 37˚C in 
a 5% CO2 incubator, the cells in the insert were removed by 
wiping gently with a cotton swab. Cells on the reverse side of 
the insert were fixed and stained with Diff-Quik® (Sysmex, 
Kobe, Japan), according to the manufacturer's instructions. 
Invading cells in four representative fields were counted by 
light microscopy at x200 magnification. Mean ± SE was 
calculated from three independent experiments. Metabolically 
active cells were identified by the MTT assay. The number of 
invading cells was adjusted accordingly.

Statistical analysis. The Wilcoxon-Mann-Whitney two-tailed 
exact test was used to assess the statistical significance of 
differences in proliferation, drug resistance, MMP-9 expres-
sion and invasion studies.

Results

EMMPRIN expression in HNSCC cell lines. To evaluate the 
role of the interaction between EMMRPIN and its ligand CypA, 

Figure 1. EMMPRIN expression in HNSCC cells. EMMPRIN protein expres-
sion was determined by immunoblotting in the HNSCC cell lines FaDu and 
SAS. Both HNSCC cell lines showed high EMMPRIN protein expression.
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EMMPRIN protein expression was determined by immunob-
lotting in the HNSCC cell lines FaDu and SAS. Both HNSCC 
cell types showed high EMMPRIN protein expression (Fig. 1).

CypA increases HNSCC proliferation and drug resistance. 
Tumorigenetic steps, such as proliferation, anti-apoptosis and 
cell migration, are crucial for malignant progression. To assess 
the contribution of CypA to HNSCC tumorigenicity, the FaDu 
and SAS cells were cultured with 400 ng/ml CypA and then 
a cell proliferation assay was performed. In both HNSCC cell 
lines, cell proliferation was significantly increased with CypA 
than without (Fig. 2).

Chemotherapy is the standard approach for treatment of 
HNSCC patients. The benefits of cisplatin were first shown 
20 years ago, and it remains a commonly used agent, either 
alone or in combination with other chemotherapeutic drugs. 
To investigate the role of CypA in response to cisplatin, the 
FaDu and SAS cells were treated with cisplatin with or without 
CypA and then the MTT assay was performed. The FaDu 
and SAS cells cultured with CypA showed higher metabolic 

activity with cisplatin treatment (Fig. 3). These results suggest 
that CypA contributes to HNSCC tumorigenicity.

MMP-9 expression is induced on stimulation of cells with 
CypA. MMPs contribute to tumor progression. In particular, 
the gelatinases MMP-2 and MMP-9 are known to be impor-
tant in HNSCC progression. Therefore, we assessed whether 
CypA participates in MMP expression by gelatin zymography. 
MMP-9 expression increased on stimulating the cells with 
CypA (Fig. 4). However, MMP-2 expression was not observed 
in the FaDu or SAS cells, even after stimulation.

Figure 2. CypA increases HNSCC proliferation. The FaDu and SAS cells 
were plated and allowed to seed overnight in a 96‑well plate. The cells were 
grown in serum-free DMEM for 24 h prior to experimental treatments and 
then treated with the control vehicle PBS (NoTx) or 400 ng/ml of CypA 
(CypA) in serum-free DMEM for 24 h. Metabolically active cells were 
labeled with MTT tetrazolium for 1 h and measured at 570 nm. Mean ± SE 
was calculated from three independent experiments. CypA increased prolif-
eration of FaDu (*P=0.036) and SAS cells (**P=0.03).

Figure 3. CyPA induces HNSCC drug resistance. Drug resistance was determined by the MTT assay. The cells were grown in serum-free DMEM for 24 h 
prior to experimental treatments and then treated with the control vehicle DMSO (NoTx) or 0.5 µM of cispalin (CDDP) or cisplatin with 400 ng/ml of CypA 
(CDDP+CypA) in DMEM with 10% FBS for 24 h. Metabolically active cells were labeled with MTT tetrazolium for 1 h and measured at 570 nm. Mean ± SE was 
calculated from five independent experiments. The MTT assay revealed that HNSCC cell activity was reduced by cisplatin but this reduction was recovered 
on stimulation with CypA (*P=0.0495).

Figure 4. CypA enhances MMP-9 expression in HNSCC. The FaDu and 
SAS cells were cultured overnight using ordinary serum-containing DMEM, 
washed with serum-free DMEM and cultured further for 48 h using serum-
free DMEM with or without 400 ng/ml CypA. This was followed by detection 
of gelatinolytic activity in the conditioned media by gelatin zymography. A 
representative result of Gelatin zymography (top) and the relative MMP-9 
expression on stimulation with CypA (CypA) compared to control (NoTx). 
Mean ± SE was calculated from four independent experiments. Gelatin 
zymography detected up-regulated expression of MMP-9, not MMP-2, in 
HNSCC cells (*P=0.0369).
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CypA induces HNSCC cell invasion through EMMPRIN. 
Because tumor cell invasion is one of the most lethal steps 
for cancer progression, controlling tumor invasion has been 
focused on, in the study of tumor suppression. To understand the 
mechanism of HNSCC cell invasion, the SAS cells were plated 
on a Matrigel™ invasion chamber and stimulated with CypA. 
The results of this invasion assay are shown in Fig. 5. The inva-
siveness of both HNSCC cell lines was up-regulated when the 
cells were cocultured with CypA. To determine whether this 
increased invasiveness was mediated by the CypA-EMMPRIN 
interaction, an EMMPRIN function-blocking antibody was 
added to the invasion system. Hence, the increased invasiveness 
was efficiently reduced by the antibody. This result indicates 
that CypA induces HNSCC cell invasion through an interaction 
with EMMPRIN.

Discussion

In this study, we showed CypA induces cell proliferation, drug 
resistance, MMP-9 expression and invasion of two HNSCC cell 
lines expressing EMMPRIN. Notably, functional blocking of 
EMMPRIN abolished an increase in CypA-induced HNSCC 
cell invasiveness. These results suggest that CypA promotes 
HNSCC tumor progression and that EMMPRIN is the key 
mediator for these tumor phenotypes.

The importance of EMMPRIN in the steps of cancer 
progression such as tumor growth and lymphatic metastasis 
is widely known based on recent studies including HNSCC 
(12‑15,24,25). Several studies reported that EMMPRIN 
blocking or silencing is efficient for cancer suppression 
(26‑30). Hence, a more detailed understanding of the mecha-
nisms underlying EMMRPIN-mediated cancer progression, 

which could contribute to improvement in HNSCC prognosis, 
is necessary.

We previously reported that EMMPRIN plays an important 
role in MMP-2 production and activation and also in migration 
of HNSCC cells through a homophilic EMMPRIN-EMMPRIN 
interaction. In addition to this homophilic interaction, CypA 
has been described as a ligand for EMMPRIN that binds to 
EMMPRIN and transmits a signal to downstream cascades 
(18).

CypA, a ubiquitously distributed intracellular protein 
belonging to the immunophilin family (31), is a target of the 
immunosuppressive drug cyclosporine A. CypA is secreted 
from cells in response to inflammatory stimulation and 
is a multifunctional cytokine involved in many biological 
processes, such as protein folding, cellular signaling, immu-
nosuppression, and apoptosis, in many cell types. Reflecting 
these biological potentials, the role of CypA has been studied 
in many types of malignant tumors, such as non-small cell lung 
carcinoma, pancreatic cancer, bladder cancer, hepatocellular 
carcinoma, sarcoma and breast cancer (20-22). These studies 
showed that CypA expression is up-regulated in tumor tissues 
and that CypA induces cancer cell proliferation and MMP 
expression, resulting in a poor prognosis. Our results show 
the oncogenic role of CypA in HNSCC, and these findings 
contribute to our understanding of the mechanisms underlying 
HNSCC progression.

Of all the MMPs, we focused on gelatinase expression 
because these enzymes are indispensable for basement 
membrane degradation, which is crucial not only for local 
cancer invasion but also for metastasis (2,32). In this study, we 
found that MMP-9, not MMP-2, was induced on stimulation of 
cells with CypA. We could not detect MMP-2 expression, which 
is perplexing because MMP-2 is an equally important enzyme 
for degradation of the basement membrane typical in invasion 
and metastasis. Conventionally, tumor cells were considered 
the major source of MMPs in cancer tissue. However, current 
studies indicate that most MMPs in cancer tissue, including 
MMP-2 and MMP-9, are produced by stromal cells, such as 
fibroblasts, through cell surface EMMPRIN (11,12). We previ-
ously showed that laryngeal cancer cells stimulate MMP-2 
expression and induce its activator, MT-1MMP, mainly in 
fibroblasts (14). CypA up-regulates MMP-9 expression in 
some non-cancer inflammatory situations (17,19). Our results 
show that CypA can induce MMP-9 production in cancer cells. 
However other MMPs, especially the gelatinase MMP-2, are 
also important for cancer progression. A more detailed study 
of CypA-induced MMP expression in tumor tissues will be 
necessary in future.

Studies of the CypA-EMMPRIN interaction in cancer 
are currently in progress. The potential role of the CypA-
EMMPRIN interaction in cell activation has been investigated 
in cancer (20) and some immunological diseases (18,33). 
Although accumulating evidence supports the importance of 
the CypA-EMMPRIN interaction, there is a paucity of data 
in case of HNSCC progression. Cancer cell invasion is the 
most crucial step in cancer progression, which correlates 
with metastasis and directly relates to poor prognosis in 
HNSCC patients (34). Therefore, a detailed understanding 
of the invasion mechanism is critical for cancer prevention, 
especially HNSCC. Our invasion study shows that CypA 

Figure 5. CypA induces HNSCC cell invasion through EMMPRIN. Invasion 
assay was performed to evaluate cell invasiveness in vitro. The FaDu and 
SAS cells were plated in the insert containing serum-free medium with or 
without 10 µg/ml of the EMMPRIN function-blocking antibody. The lower 
chamber contained DMEM plus 10% FBS with or without 400 ng/ml CypA, 
which served as a chemoattractant. After 48 h of treatment, invading cells in 
four representative fields were counted by light microscopy at x200 magni-
fication. The number of invading cells was adjusted accordingly. Mean ± SE 
was calculated from six independent experiments. The number of invading 
cells increased on stimulation with CypA (CypA) compared to no treated 
cells (NoTx) and this increment was inhibited by the EMMPRIN function-
blocking antibody (CypA+Ab) (*P<0.05).
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induces HNSCC cell invasion and that this invasiveness is 
mediated by EMMPRIN. This finding may contribute to the 
development of effective therapeutic strategies for HNSCC 
treatment.

Indeed, anti-EMMPRIN therapy has been preclinically 
investigated in colon cancer (27) and HNSCC (26). These 
studies show great potential in not only in  vitro but also 
ex vivo models. Unfortunately, HNSCC treatment outcomes 
have not improved for the last three decades (35). Agents 
such as cisplatin are among the most potent agents available 
for HNSCC treatment; however, additional, novel strategies 
appear necessary to improve HNSCC prognosis. EGFR is a 
cell surface protein that is overexpressed in cancer cells, and 
EGFR expression is relatively high in HNSCC cells (36). 
Cancer-specific molecular targeting therapy, such as the 
EGFR-targeting drug cetuximab, shows great potential in 
HNSCC treatment (37). Similarly to EGFR, EMMPRIN is 
specifically overexpressed in various cancer types, including 
HNSCC (13) and we propose that EMMPRIN is an ideal new 
target for HNSCC therapy.
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