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Abstract
Purpose—Extracellular matrix metalloprotease inducer (EMMPRIN) is a tumor surface protein
that promotes growth and is overexpressed in head and neck cancer. These features make it a potential
therapeutic target for monoclonal antibody (mAb) – based therapy. Because molecular therapy is
considered more effective when delivered with conventional cytotoxic agents, anti-EMMPRIN
therapy was assessed alone and in combination with external beam radiation.

Experimental Design—Using a murine flank model, loss of EMMPRIN function was achieved
by transfection with a small interfering RNA against EMMPRIN or treatment with a chimeric anti-
EMMPRIN blocking mAb. Cytokine expression was assessed for xenografts, tumor cells, fibroblasts,
and endothelial cells.

Results—Animals treated with anti-EMMPRIN mAb had delayed tumor growth compared with
untreated controls, whereas treatment with combination radiation and anti-EMMPRIN mAb showed
the greatest reduction in tumor growth (P = 0.001). Radiation-treated EMMPRIN knockdown
xenografts showed a reduction in tumor growth compared with untreated knockdown controls (P =
0.01), whereas radiation-treated EMMPRIN – expressing xenografts did not show a delay in tumor
growth. Immunohistochemical evaluation for Ki67 and terminal deoxynucleotidyl transferase-
mediated deoxyuridine triphosphate-biotin nick end labeling (TUNEL) resulted in a reduction in
proliferation (P = 0.007) and increased apoptosis in anti-EMMPRIN mAb – treated xenografts
compared with untreated controls (P = 0.087). In addition, we provide evidence that EMMPRIN
suppression results in decreased interleukin 1β (IL-1β), IL-6, and IL-8 cytokine production, in
vitro and in vivo.

Conclusions—These data suggest that anti-EMMPRIN antibody inhibits tumor cell proliferation
in vivo and may represent a novel targeted treatment option in head and neck squamous cell
carcinoma.
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Head and neck squamous cell carcinoma affects >40,000 people in the United States annually,
with a 5-year survival between 56% (oral cavity) and 65% (larynx). Despite advances in
surgical and medical therapies, the survival rate has remained unchanged for the last 30 years
(1,2). Recent recognition that the tumor microenvironment may modulate tumor cell growth,
invasion, and metastasis has generated enthusiasm for targeted therapeutic options (3–5).

Extracellular matrix metalloprotease inducer (EMMPRIN), also known as CD147, is a
membrane-bound glycoprotein found on the surface of tumor cells (6). EMMPRIN is
overexpressed to varying degrees in most tumor types, with head and neck squamous cell
carcinoma having some of the highest levels (7). Elevated EMMPRIN expression has been
shown to correlate with lymphatic metastasis and tumor progression in tumors of the oral cavity
(8) and larynx (9), as well as other non – head and neck squamous cell carcinoma tumor types
(10,11). Although the exact mechanism by which EMMPRIN promotes tumor growth is unclear
(12–14), it has been well established that EMM-PRIN modulates the tumor microenvironment
by stimulating matrix metalloproteinase (MMP)–1, MMP-2, and MMP-3 production from
stromal tissue (15–17). EMMPRIN-stimulated collagen degradation in vitro and tumor growth
in vivo have been shown to be largely dependent on the presence of fibroblasts (14). EMMPRIN
has also been shown to promote neovascularization through the expression of vascular
endothelial growth factor (VEGF) in murine models of breast cancer (12,18).

Targeted therapy has gained traction for its potential to selectively inhibit neoplastic cells while
minimizing collateral damage to neighboring healthy tissue and, when combined with
cytotoxic therapies, provides additional survival benefit without overlapping toxicity.
EMMPRIN is expressed on the tumor surface, which makes it a novel target for monoclonal
antibody (mAb) – based therapy. In this study, we evaluate EMMPRIN as a therapeutic target
through siRNA knockdown and the development of an anti-EMMPRIN mAb (CNTO3899).
Because recent studies have shown that elevated EMMPRIN expression confers resistance to
radiation therapy (19), we also evaluate anti-EMMPRIN therapy in combination with radiation
(20,21).

Translational Relevance

This study evaluates extracellular matrix metalloprotease inducer (EMMPRIN) as a novel
target for head and neck squamous cell carcinoma. Targeted therapy has become a new
strategy in the treatment of head and neck cancer, primarily through monoclonal based
therapy. As a tumor surface protein that is highly expressed in head and neck squamous cell
carcinoma and has been shown to be associated with lymphatic metastasis, EMMPRIN may
represent an excellent target for future treatment of head and neck cancer. We present
preclinical data that show that anti-EMMPRIN therapy inhibits tumor growth and
proliferation and provides further growth inhibition when used in combination with
radiotherapy. Furthermore, we provide evidence that EMMPRIN function is associated with
cytokine production of proinflammatory and proangiogenic factors interleukin 1β (IL-1β),
IL-6, IL-8, and vascular endothelial growth factor, which are elevated in head and neck
cancer patients.

Materials and Methods
Cell culture

FaDu (ATCC), FaDu/siE, SCC-1 (University of Michigan), and normal dermal fibroblast cells
were maintained in DMEM and supplemented with 10% fetal bovine serum and 1% penicillin-
streptomycin solution. Cells were incubated at 37°C in a humidified atmosphere containing
5% CO2. Human umbilical vein endothelial cells (University of Alabama at Birmingham) were
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maintained in M199 media with 0.1 g/L heparin, 0.1 g/L endothelial cell growth factor, and
10% fetal bovine serum with antibiotics, as previously described (13). Normal dermal
fibroblast isolation from primary culture and construction of the FaDu/siE cell lines by siRNA
knockdown were also as described previously (13,22).

Reagents
The anti-EMMPRIN mAb CNTO3899, which was obtained from Centocor, Inc., was derived
from the following procedure outlined below and then chimerized, via V-region cloning, into
a human immunoglobulin G1 isotype using standard procedures.

Generation and selection of CNTO3899
BALB/c mice were immunized with a recombinant form of human EMMPRIN extracellular
domain, and hybridomas were derived from subsequent splenic fusions. From a total of 52
clones identified as immunogen binders to plate-bound EMMPRIN extracellular domain, a
subset was chosen for cell-based bioactivity characterization that led to the identification of
the original CNTO3899 hybridoma. Following cloning, the binding and in vitro assays were
repeated with the human immunoglobulin G1–chimerized CNTO3899 mAb. For binding,
human EMMPRIN extracellular domain (R&D Systems; ref. 23) was immobilized in an ELISA
plate, and CNTO3899 mAb binding was detected using an appropriate secondary antibody.
For in vitro activity, two assays were used: First, normal human lung fibroblasts (Clonetics)
were stimulated, in the presence and absence of CNTO3899 mAb, with EMMPRIN
extracellular domain, and MMP-1 generation was monitored using the extracellular domain
ELISA. Secondly, normal human dermal fibroblasts (Clonetics) were cocultured, in the
presence and absence of CNTO3899 mAb, with the human melanoma G361 tumor cell line,
and MMP-2 was monitored using a zymogram (Biorad; ref. 12). For in vitro testing of
EMMPRIN blockade with radiation, mouse anti–human EMMPRIN mAb (Fitzgerald
Industries International) was used.

Cell proliferation assay
SCC-1 and FaDu cells (5 × 104) were grown for 24 h with or without normal dermal fibroblasts
(2.5 × 104) and treated with anti-EMMPRIN mAb CNTO3899 at increasing concentrations (0,
50, 100, and 200 μg/mL; day 0). To evaluate anti-EMMPRIN tumor specificity, normal dermal
fibroblast cells were also cultured alone with CNTO3899. Two hours following antibody
treatment, cells in radiation treatment groups were exposed to 4 Gy. On day 3 cells were
trypsinized and counted with a hemacytometer.

Collagen degradation assay
Collagen assays were done as previously described (13) using type I collagen (BD
Biosciences). FaDu, FaDu/siE, and normal dermal fibroblast cells were plated in 25 μL of
DMEM with 0.1% bovine serum albumin in the center of each well and allowed to adhere for
2 h. Additional media with or without anti-EMMPRIN mAb, CNTO3899, was added to each
well, and cells were incubated for 4 d. At the end of treatment, cells were removed and wells
were stained with Coomassie blue (0.2%). The extent of collagenolysis was determined by
densitometry using Image J (NIH) following digital capture (Coolpix 4500, Nikon USA) and
compared with the surrounding undegraded matrix.

Preparation of cell membrane extracts and xenograft lysates
FaDu and FaDu/siE cell membrane extracts were prepared as described previously (22) and
cultured alone or with normal dermal fibroblasts and human umbilical vascular endothelial
cells to assess the influence of EMMPRIN on paracrine cytokine production. Serum-free media
was collected from all samples after 18 h for ELISA analysis.
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SCC-1 xenografts were harvested, minced, and lysed via sonification (Branson digital sonifier)
in radioimmunoprecipitation assay buffer solution to evaluate the effect of anti-EMMPRIN
mAb on cytokine production.

ELISA quantification of cytokine expression
OptEIA human inter-leukin 1β (IL-1β), IL-6, and IL-8 ELISA kits (II; BD Biosciences) and a
Quantikine ELISA kit for human VEGF (R&D Systems) were used according to
manufacturer’s instructions for quantification of cytokine expression. Each sample was
examined in duplicate.

Animal models
Severe combined immunodeficient female mice with the age of 4 to 6 wk (Charles River
Laboratories and National Cancer Institute–Frederick) were obtained and housed in accordance
with our institution’s Institutional Animal Care and Use Committee (IACUC) guidelines. To
determine if EMMPRIN silencing provides a reduction in radiation-induced tumor growth,
mice were injected with FaDu or FaDu/siE cells (2 × 106) and divided into control and radiation
treatment groups (n = 8 per group). Tumors were measured biweekly using calipers to
approximate surface area, and treatment was initiated after FaDu and FaDu/siE xenograft size
was equal to ~ 45 mm2 (on days 10 and 17, respectively). Radiation treatment was delivered
via a 60Co therapy unit (Picker) using a lead shield to provide isolated flank xenograft
irradiation (24). Animals received a total of 12 Gy of radiation divided into six 2 Gy increments
on days 10, 13, 17, 20, 24, and 27 (FaDu tumors) and on days 17, 20, 24, 27, 31, and 34 (FaDu/
siE tumors).

To assess anti-EMMPRIN antibody in combination with radiation, mice were xenografted with
SCC-1 (2 × 106) tumor cells and divided into control, anti-EMMPRIN antibody, radiation, or
combination anti-EMMPRIN antibody and radiation groups (n = 7 per group). Tumors were
measured trice weekly, and once average size was equal to 45 mm2, treatment began. Two
groups of mice received a total of 1.2 mg of anti-EMMPRIN mAb divided into 200 μg i.p.
doses on days 13, 16, 20, 23, 27, and 30. In addition, two groups received radiation therapy
with 12 Gy 60Co given over six 2 Gy fractions on days 14, 17, 21, 24, 28, and 31. Anti-
EMMPRIN mAb was given 24 h before radiation for the combined treatment group. A dose
of 12 Gy 60Co was chosen because previous experiments have shown inhibition of tumor
growth in the same cell line with the use of 8 Gy in combination with chemotherapy (25).

Immunohistochemistry
Tumors were harvested at the end of the study and paraffin embedded for
immunohistochemical analysis. Ki67 and TUNEL labeling and analysis were done as
previously described (22).

Statistical analysis
FaDu, FaDu/siE, and SCC-1 xenograft data was transformed to reflect tumor size as a percent
change from baseline, wherein percent change = (tumor surface area/tumor surface area at the
beginning of treatment) * 100%. A polynomial linear regression, including days after baseline
and square term of days after baseline, was fitted for the tumor growth of each animal, and
time to tumor doubling and tumor tripling was calculated based on the regression model.
Because a few animals did not have tumor doubling, the log-rank test was also applied to
compare doubling and tripling times between groups.

Bias between caliper, immunohistochemistry, and cytokine expression measurements were
expressed as SE. Data analysis for cytokine expression, immunohistochemistry, collagen
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degradation assays, and in vitro cell growth was done using GraphPad Prism software (Graph-
Pad Software, Inc.). P < 0.05 was considered significant in unpaired t test analysis.

Results
Human immunoglobulin G1 chimerized CNTO3899 binds to and inhibits EMMPRIN

Anti-EMMPRIN mAb, CNTO3899, was generated because of its potential use in targeted
therapy, confirmation that the cloned version of CNTO3899 mAb bound to EMMPRIN was
evaluated via a simple ELISA plate assay. Chimeric CNTO3899 mAb binds in a dose-
dependent manner to immobilized human EMMPRIN and with greater affinity than
commercially available anti–human EMMPRIN mAb (RDI-CD147). No binding was observed
with the human immunoglobulin G1 isotype control (Fig. 1A). Previous studies have shown
EMMPRIN stimulates MMP-1 and MMP-2 production from normal human lung fibroblasts
(12). To confirm that bound chimerized CNTO3899 results in neutralization of EMMPRIN
activity, normal human lung fibroblast cells were cultured in the presence of anti-EMMPRIN
mAb and MMP-1 levels were assessed. CNTO3899 was found to inhibit MMP-1 release in a
dose-dependent manner (Fig. 1B). To show that the activity of CNTO3899 extended to
neutralization of cell-surface EMMPRIN, the mAb was assessed in a fibroblast/tumor cell
coculture assay. Figure 1C shows elevation in MMP-2 release above background, when normal
dermal fibroblasts and G361 tumor cells are cocultured. When cells are incubated with
CNTO3899 mAb, a dose-dependent decrease in MMP-2 is observed by diminishing zymogram
intensity.

Anti-EMMPRIN antibody inhibits collagen degradation and cell growth in vitro
To determine the growth-suppressing effect of blocking EMMPRIN with anti-EMMPRIN
mAb in vitro, SCC-1, FaDu, and normal dermal fibroblast cells were incubated with increasing
concentrations of CNTO3899. Tumor cells were cocultured with normal dermal fibroblasts to
evaluate the role of tumor-stromal interactions in EMMPRIN expression. Seventy-two hours
after CNTO3899 treatment, SCC-1 cell proliferation was 15% (50 μg/mL), 30% (100 μg/mL),
and 57% (200 μg/mL) less than control (Fig. 2A). Significant reductions in tumor cells were
obtained by treatment with 100 μg/mL (P = 0.02) and 200 μg/mL of CNTO3899 (P < 0.001).
No reduction in tumor cell proliferation was observed in normal dermal fibroblast cells treated
with anti-EMMPRIN antibody. However, when SCC-1 cells were cocultured with normal
dermal fibroblasts, a significant reduction in tumor growth with 100 and 200 μg/mL of
CNTO3899 mAb was observed (P < 0.001). Similar results were obtained when FaDu and
FaDu/normal dermal fibroblast cells were treated with anti-EMMPRIN mAb. FaDu cells
showed a 16% (50 μg/mL), 32% (100 μg/mL), and 52% (200 μg/mL) reduction in cell
proliferation following treatment with CNTO3899 compared with control (Fig. 2B). A
significant reduction in FaDu cells was obtained with 100 (P = 0.01) and 200 μg/mL (P =
0.001) of CNTO3899.

Because previous studies have shown that fibroblast-mediated collagen degradation is
EMMPRIN dependent (13), we assessed FaDu and FaDu/siE cells atop type I collagen with
normal dermal fibroblasts (Fig. 2C). A significant decrease in collagenolysis was observed in
EMMPRIN knockdown cells compared with FaDu controls (P = 0.01). Similarly, when FaDu
and normal dermal fibroblast cells were treated with anti-EMMPRIN mAb (100 μg/mL), a
significant inhibition in collagenolysis was observed (P = 0.005; Fig. 2D).

CNTO3899 inhibits head and neck squamous cell carcinoma xenograft growth in vivo
Severe combined immunodeficient mice bearing SCC-1 xenografts were divided into control
and anti-EMMPRIN antibody groups (n = 7; Fig. 3A). Animals treated with CNTO3899 mAb
showed significant tumor growth delay based on tumor doubling times (34.3 ± 0.9 days) when
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compared with untreated controls (21.1 ± 1.0 days; P = 0.004). However, CNTO3899 treated
tumors rapidly regrew after treatment.

To evaluate the role of CNTO3899 on cytokines known to induce proliferation in head and
neck squamous cell carcinoma, mice that received two doses of CNTO3899 (200 μg i.p.) or
no treatment were sacrificed and SCC-1 xenografts were harvested for ELISA (Fig. 3B) and
Western blot analysis. Xenografts from mice treated with CNTO3899 showed lower levels of
all proliferative cytokines measured compared with control. Differences in cytokine expression
levels were significant for IL-1β (P = 0.0079).

The mechanisms by which CNTO3899 acts on tumor cell growth are still relatively unknown.
Based on rapid regrowth of treated xenografts, we sought to determine if CNTO3899
suppressed tumor cell proliferation. To this end, xenografts were analyzed by Ki67 and TUNEL
assays. The percentage of cells in treated xenografts (23%) positively stained for Ki67 was
significantly less than control (40%, Fig. 3C and D; P = 0.007), suggesting that CNTO3899
treatment decreases tumor cell proliferation in vivo. Xenografts treated with CNTO3899 had
a higher percentage of TUNEL positive cells (18%) compared with untreated control tumors
(5%; Fig. 3C and D; P = 0.087).

Anti-EMMPRIN treatment correlates with suppression of multiple cytokines
Because EMMPRIN has been shown to mediate its effects through tumor-stromal interactions
(11,14), we investigated the autocrine and paracrine stimulation of cytokines known to be
important in head and neck squamous cell carcinoma. To evaluate autocrine cytokine
production, FaDu and FaDu/siE tumor cells were cultured in DMEM and serum-free media
was collected for ELISA analysis (Fig. 4A). IL-1β (P = 0.0047) and VEGF (P = 0.0031)
production was significantly higher in FaDu versus FaDu/siE cells. IL-8 secretion was greater
in FaDu cells, but not significant (P = 0.1635). The influence of EMMPRIN on paracrine
cytokine production was assessed by stimulating normal dermal fibroblasts and human
umbilical vascular endothelial cells with FaDu and FaDu/siE cells membrane extracts (Fig. 4B
and C). Normal dermal fibroblasts showed low baseline expression of all cytokines, which
increased with exposure to FaDu membranes and only slightly increased in the presence of
FaDu/siE membranes (Fig. 4B). The differences between cytokine levels for FaDu and FaDu/
siE membrane exposure were significant for IL-1β (P = 0.0009), IL-6 (P = 0.0003), and VEGF
(P = 0.0164). Differences in IL-8 failed to reach significance (P = 0.1074). Cytokine production
increased with EMMPRIN expression when human umbilical vascular endothelial cells were
cultured with FaDu membranes (Fig. 4C). Cytokine production was significantly greater for
FaDu versus FaDu/siE membrane exposure for IL-6 (P = 0.0001) and IL-8 (P = 0.0001).

Loss of EMMPRIN function and CNTO3899 augment radiation response
To evaluate the role of EMMPRIN in combination with radiation therapy in vitro, SCC-1 and
FaDu cells were plated with and without normal dermal fibroblasts in the presence of anti-
EMMPRIN antibody (100 μg/mL) and exposed to 4 Gy of 60Co radiation. A significant
reduction in SCC-1 cell proliferation was observed with exposure to radiation (P = 0.0003)
and radiation plus anti-EMMPRIN antibody (P = 0.0002) compared with control. The
difference between radiation– and radiation plus CNTO3899–reduced cell proliferation was
significant (P = 0.006, Fig. 5A). Similar results were seen in FaDu cells, wherein a reduction
in proliferation was seen with radiation (P = 0.0003) and combination therapy (P = 0.0002,
Fig. 5B). Cell proliferation was significantly reduced for cells treated with radiation and
CNTO3899 when compared with radiation alone (P = 0.009). When SCC-1 and FaDu tumor
cells were combined with normal dermal fibroblasts, a reduction in cell viability was observed
for all treatment groups following treatment with anti-EMMPRIN mAb. A greater reduction
in tumor cell proliferation was seen with combination treatment than with radiation alone for
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SCC-1/normal dermal fibroblast cells (P < 0.0001). FaDu/normal dermal fibroblast cell
proliferation was not significantly reduced with combination therapy when compared with
single-modality radiation treatment (P = 0.16). Loss of EMMPRIN expression results in tumor
growth delay. Consistent with previous studies, we showed a reduction in tumor growth by
siRNA down-regulation of EMMPRIN expression (22). Mice were injected with FaDu and
FaDu/siE (EMMPRIN silenced) cell lines, and tumors were evaluated over the course of 6
weeks. Tumor doubling times were significantly different between FaDu (32 ± 2.1 days) and
siRNA knockdown (FaDu/siE) xenografts (36 ± 1 days; P = 0.008; data not shown).

To determine if silencing EMMPRIN provides greater radiation sensitivity, mice xenografted
with FaDu or FaDu/siE tumors and assigned to radiation or control groups (n = 8 per group).
Treatment mice received 2 Gy fractions of 60Co over the course of 3 weeks and were followed
for a total of 4 weeks. No significant difference was seen between tumor doubling time for
FaDu control (29 ± 1.9 days) and FaDu radiation groups (29 ± 1.8 days; P = 0.61; Fig. 6A),
whereas irradiated FaDu/siE xenografts showed significant growth delay (42 ± 2.1 days) in
comparison with nonirradiated FaDu/siE controls (33 ± 1.9 days; P = 0.012).

Mice (n = 7) were xenografted with SCC-1 cells and divided into control, anti-EMMPRIN
antibody, radiation, or anti-EMMPRIN antibody and radiation groups. Animals were treated
with 12 Gy 60Co and/or 1.2 mg of CNTO3899. Time to tumor doubling and tripling for each
group was assessed (Fig. 6B). Combination therapy with CNTO3899 and radiation
significantly inhibited tumor growth (tumor doubling time, 40 ± 8.3 days) when compared with
control (8 ± 0.8 days; P = 0.001). Because tumors treated with single-modality therapy
(radiation or CNTO3899) showed a delay in tumor reduction, time to tumor tripling was also
compared between groups. Anti-EMMPRIN antibody treated xenografts showed inhibition of
tumor growth (tumor tripling time, 27 ± 4.6 days) when compared with untreated xenografts
(14 ± 1.2, P = 0.019), whereas radiation alone did not produce a significant reduction in tumor
growth (22 ± 7.1; P = 0.510). Animals receiving radiation and anti-EMMPRIN antibody
developed tumor ulceration. In compliance with our institution’s IACUC guidelines, these mice
were sacrificed before reaching a size that was thrice greater than that of the original tumor
size.

Discussion
The treatment of locoregional advanced head and neck squamous cell carcinoma has evolved
over the last decade from surgery to multimodality therapy with radiation and chemotherapy.
Toxicity associated with conventional chemotherapy-based regimens and radiation has
impeded advances in improved control rates and thus survival (26). Anti–epidermal growth
factor receptor targeted mAb therapy has shown survival benefits across a range of treatment
settings and is currently the only targeted therapy approved for head and neck squamous cell
carcinoma (20). Like epidermal growth factor receptor, EMM-PRIN is expressed in high levels
in head and neck cancer, is located on the cell surface, and is known to promote tumor growth
and lymphatic metastasis. We believe these attributes make EMMPRIN a potential molecular
target for monoclonal-based therapy and the treatment of head and neck squamous cell
carcinoma.

Assessment of a functional blocking antibody to EMMPRIN (CNTO3899) shows in vitro and
in vivo antitumor activity. Tumor cells treated with anti-EMMPRIN antibody showed
decreased cell proliferation that was augmented by radiation therapy. Given the 76% reduction
seen with the addition of CNTO3899 to radiotherapy, it is likely that these effects are additive
rather than sensitizing. Normal dermal fibroblast cells were relatively unaffected by anti-
EMMPRIN mAb treatment, which is consistent with their low exogenous EMMPRIN
expression. CNTO3899 was found to reduce cell proliferation in head and neck cancer cell
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lines examined in vitro similar to reductions observed when the same cell lines were treated
with anti–epidermal growth factor receptor mAb (27). The head and neck squamous cell
carcinoma cell lines SCC-1 and FaDu were chosen specifically for treatment with anti-
EMMPRIN mAb in our studies because of high levels of EMMPRIN expression compared
with other head and neck cell lines, as shown previously (28). Consistent with in vitro studies,
inhibition of EMMPRIN with CNTO3899 resulted in a significant difference in tumor doubling
time in vivo (P = 0.004). Based on Ki67 immunohistochemical results, this is likely due to a
reduction in tumor cell proliferation. As a single-modality therapeutic agent, anti-EMMPRIN
mAb stabilized tumor growth for the duration of treatment. However, upon discontinuing
treatment, tumors rapidly regrew, consistent with the antiproliferative mechanism of action of
the antibody.

When combined with radiation, the effect of anti-EMMPRIN mAb was enhanced and
inhibition of growth was sustained even after cessation of treatment (P = 0.001). Further studies
in which a knockdown model of EMMPRIN expression was combined with radiation therapy
confirmed that loss of EMMPRIN function results in greater tumor growth delay in comparison
with knockdown controls. A total dose of 12 Gy 60Co radiation given in 2 Gy fractions was
chosen based on previous experiments, wherein 8 Gy showed inhibition of tumor growth when
combined with chemotherapy (25). Although a decrease in tumor growth was observed for
both SCC-1 and FaDu irradiated tumors, the reduction in tumor growth was not significant
when compared with controls. When combined with radiation, anti-EMMPRIN mAb produced
moderate SCC-1 tumor growth suppression. Previous studies have shown that EMMPRIN
expression may promote resistance to radiation therapy (19,21). Additional studies will be
required to determine if anti-EMMPRIN mAb is a radiosensitizing agent.

Although EMMPRIN induced tumor growth and metastasis has been studied in detail, the
mechanisms by which it exerts its effects are still not completely understood. Previous studies
show that stimulation of matrix metalloproteases in the surrounding stroma provides a
favorable microenvironment for tumor growth (13). Using a type I collagen degradation model,
we confirm that loss of EMMPRIN expression through siRNA knockdown or treatment with
CNTO3899 inhibits collagenolysis. These findings suggest that tumor-stromal interactions
play a pivotal role in EMMPRIN-related tumor progression. In addition to MMP modulation,
the recent discovery that EMMPRIN stimulates VEGF cytokine production suggests that it
may have a more complex mechanism of action (12,22). Cytokines IL-1β (29,30), IL-6 (30),
IL-8 (31,32), and VEGF (31,32) have all been shown to be overexpressed in head and neck
squamous cell carcinoma. These cytokines are believed to exert their proinflammatory and
proangiogenic effects through stimulation of stromal cells, including fibroblasts and
macrophages, which is similar to the proposed mechanism of action of EMMPRIN.

Loss of EMMPRIN function seems to abrogate IL-1β and VEGF secretion in multiple cell
types in vitro, whereas production of IL-6 and IL-8 was primarily reduced in stromal elements.
Analysis of whole tumor xenografts treated with CNTO3899 showed similar findings, wherein
all cytokine levels decreased. Because IL-1β has been shown to modulate IL-6 and VEGF
production, we hypothesize that EMMPRIN-mediated IL-1β secretion stimulates multiple
downstream protumorigenic factors (33). The diverse local and systemic inflammatory
response that is observed in patients with head and neck squamous cell carcinoma is consistent
with those reported for cytokines IL-6 and VEGF. Chronic elevation of IL-6 has been shown
to result in immune unresponsiveness and induction of wasting and cachexia, symptoms, which
are observed in head and neck cancer patients who have poor prognoses (32). IL-8 and VEGF
stimulate neovascularization, and IL-8 promotes proliferation and chemotaxis of granulocytes
and macrophages. These data suggests that anti-EMMPRIN therapy inhibits tumor growth
through cytokine and MMP suppression. Because the expression of IL-1β, IL-6, and IL-8 is
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known to increase with radiation therapy, treatment with anti-EMMPRIN mAb may suppress
the effects of radiation.

In conclusion, anti-EMMPRIN therapy inhibits head and neck squamous cell carcinoma tumor
growth alone and in combination with radiotherapy in vitro and in vivo. Inhibition of
EMMPRIN, by CNTO3899 mAb and siRNA knockdown, leads to decreases in IL-1β, IL-6,
IL-8, and VEGF levels. Anti-EMMPRIN therapy may provide a unique and effective option
for the future treatment of head and neck carcinoma.
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Fig. 1.
A, CNTO3899 binds to immobilized human EMMPRIN extracellular domain. The EC50 for
mAb binding in the ELISA format is ~ 10 ng/mL. B, CNTO3899 inhibits soluble EMMPRIN
– induced MMP-1generation. The expression of MMP-1 by EMMPRIN extracellular domain
stimulated normal human lung fibroblast cells is inhibited in a dose-dependent manner by
CNTO3899. The IC50 for CNTO3899 in this assay format is between 5 and 10 mg/mL. C,
CNTO3899 inhibits MMP-2 expression induced by cocultured normal dermal fibroblast/G361
cells. MMP-2 levels are elevated above background when normal dermal fibroblast and
G361cells are cocultured, as indicated in the intensity of the band observed by zymogram.
Intensity decreases in response to increasing concentrations of CNTO3899 mAb, showing
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bioactivity without the addition of exogenously added soluble EMMPRIN. No change in
intensity is observed with the isotype control.
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Fig. 2.
A, SCC-1and normal dermal fibroblast cells were incubated with increasing concentrations of
CNTO3899 alone and in combination. After 72 h, anti-EMMPRIN mAb – treated SCC-1cells
were 15% (50 μg/mL), 30% (100 μg/mL), and 57% (200 μg/mL) less than control, with a
significant reduction in tumor cell viability obtained with100 μg/mL (P = 0.02) and 200 μg/
mL of CNTO3899 (P < 0.001). No reduction in tumor cell viability was observed in normal
dermal fibroblast cells treated with CNTO3899. SCC-1cells cocultured with normal dermal
fibroblasts showed a significant reduction in tumor growth with 100 and 200 μg/mL of
CNTO3899 (P < 0.001). B, FaDu and normal dermal fibroblast cells were incubated with
CNTO3899. A reduction in cell proliferation was seen with 100 μg/mL (P = 0.01) and 200
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μg/mL (P = 0.001) of CNTO3899. C, FaDu and FaDu/siE cells were plated on type I collagen
with normal dermal fibroblasts. A significant decrease in collagenolysis was observed in
EMMPRIN knockdown cells compared with FaDu controls (P = 0.01). D, FaDu and normal
dermal fibroblast cells (1 × 105 of each) were plated on type I collagen and treated with 100
μg/mL of CNTO3899. A significant inhibition in collagenolysis was observed (P = 0.005).
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Fig. 3.
CNTO3899 inhibits head and neck squamous cell carcinoma xenograft growth. Monoclonal
anti-EMMPRIN antibody (200 μg i.p. twice weekly for 3 wk) was administered to severe
combined immunodeficient mice bearing SCC-1tumors (n = 7 per group). A, xenografts treated
with CNTO3899 showed a significant reduction in tumor growth (tumor doubling time, 34.3
± 0.9 d) when compared with untreated controls (21.1 ± 1.0 d; P = 0.004). B, lysates from
treated and untreated xenografts were analyzed by ELISA. CNTO3899 treatment decreased
expression of IL-1β (P = 0.0079), IL-6 (P = 0.077), IL-8 (P = 0.1481), and VEGF (P = 0.0538)
when compared with animals receiving no treatment. C, analysis for Ki67 (cell proliferation)
revealed that treated tumors had fewer proliferating cells compared with the untreated group
(P = 0.007). TUNEL analysis of xenografts treated with CNTO3899 showed a higher
percentage of positively stained cells compared with control tumors, although the difference
was not significant (P = 0.087). Bars, SEM. *, raw values multiplied by 100 for scale. Original
magnification, × 200.
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Fig. 4.
EMMPRIN knockdown alters in vitro cytokine expression. To determine the role of
EMMPRIN in autocrine and paracrine cytokine production. A, FaDu and FaDu/siE tumor cells
were cultured in DMEM with 0.1% bovine serum albumin, serum-free media was collected
after 18 h, and analyzed by ELISA for IL-1β, IL-6, IL-8, and VEGF cytokine levels. IL-1β
(P = 0.0047) and VEGF (P = 0.0031) production by FaDu cells were significantly higher than
from FaDu/siE cells. IL-8 production was greater in FaDu cells versus FaDu/siE, but the
difference was not statistically significant (P = 0.1635), whereas IL-6 production was lower
in FaDu versus FaDu/siE cells (P = 0.004). Normal dermal fibroblasts (B) and human umbilical
vascular endothelial cells (C) were stimulated with cell membrane preparations from FaDu and
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FaDu/siE cells; serum-free media was collected after 18 h and analyzed for IL-1β, IL-6, IL-8,
and VEGF cytokine levels. The differences between normal dermal fibroblast stimulation with
FaDu and FaDu/siE were significant for IL-1β (B, P = 0.0009), IL-6 (P = 0.0003), and VEGF
(P = 0.0164), but not IL-8 (P = 0.1074). C, the increases in cytokine expression after stimulation
of human umbilical vascular endothelial cells with EMMPRIN-positive cell membranes were
significant for IL-6 (P = 0.0001) and IL-8 (P = 0.0001), but not for IL-1β (P = 0.2969) or VEGF
(P = 0.4300). Bars, SEM. *, raw values multiplied by 100 for scale.
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Fig. 5.
Anti-EMMPRIN mAb provides greater radiation response in vitro. SCC-1 and FaDu cells were
plated with and without normal dermal fibroblast cells in the presence of CNTO3899 (100
μg/mL) and exposed to 4 Gy of 60Co radiation. A, after 72 h, SCC-1cells exposed to radiation
were 68% less than control (P = 0.0003), whereas those that received anti-EMMPRIN and
radiation were 76% less than control (P = 0.0002). A significant difference was observed
between radiated groups treated with and without CNTO3899 (P = 0.006). When SCC-1 cells
were combined with normal dermal fibroblasts, a greater reduction in tumor cell proliferation
was seen with combination treatment than with radiation alone (P < 0.0001). B, FaDu cells
exposed to radiation were 62% less than control (P = 0.0003), whereas cells treated with
radiation and CNTO3899 were 76% less than control (P = 0.0002). Tumor reduction was
greater for cells treated with radiation and CNTO3899 than radiation alone (P = 0.009). FaDu/
normal dermal fibroblast tumor cell proliferation was not significantly reduced with
combination therapy when compared with radiation alone (P = 0.16).
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Fig. 6.
Enhanced radiation response in knockdown or anti-EMMPRIN antibody treated xenografts.
A, FaDuand FaDu/siE tumor cells (2 × 106)were injected in to the flanks of severe combined
immunodeficient mice, and animals were divided into radiation and control groups (n = 8 per
group). Mice in treatment groups received 12 Gy of 60Co radiation divided into six 2 Gy
fractions. No significant difference was observed between FaDu control (tumor doubling time,
29 ± 1.9 d) and FaDu radiation groups (29 ± 1.8 d; P = 0.61), whereas irradiated FaDu/siE
xenografts showed significant growth delay (42 ± 2.1d) in comparison with nonirradiated
FaDu/siE controls (33 ± 1.9 d; P = 0.012). B, severe combined immunodeficient mice bearing
SCC-1xenografts were divided into control, CNTO3899, radiation, and combined CNTO3899
and radiation groups (n = 7 per group). Treatment groups received 1.2 mg of antibody and/or
12 Gy of60 Co radiation. Combination therapy with CNTO3899 and radiation significantly
inhibited tumor growth (tumor doubling time, 40 ± 8.3 d) compared with control (8 ±0.8 d;
P = 0.001). CNTO3899 treated xenografts showed inhibition of tumor growth (tumor tripling
time, 27 ±4.6 d) when compared with untreated xenografts (14 ± 1.2; P = 0.019), whereas
radiation alone did not produce a significant reduction in tumor growth (22 ± 7.1; P = 0.510).
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