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Abstract
Objectives—Despite advances in treatment modalities, head and neck squamous cell carcinoma
(HNSCC) remains a challenge to treat with poor survival and high morbidity, necessitating a
therapy with greater efficacy. EDC22 is an extracellular drug conjugate of the monoclonal
antibody targeting CD147 (glycoprotein highly expressed on HNSCC cells) linked with a small
drug molecule inhibitor of Na, K-ATPase. In this study, EDC22’s potential as a treatment
modality for HNSCC was performed.

Materials and methods—HNSCC cell lines (FADU, OSC-19, Cal27, SCC-1) were cultured in
vitro and proliferation and cell viability were assessed following treatment with a range of
concentrations of EDC22 (0.25–5.00 μg/mL). Mice bearing HNSCC xenografts (OSC-19, SCC-1)
were treated with either EDC22 (3–10 mg/kg), anti-CD147 monoclonal antibody, cisplatin (1 mg/
kg) or radiation therapy (2 Gy/week) monotherapy or in combination.

Results—In vitro, treatment with minimal concentration of EDC22 (0.25 μg/mL) significantly
decreased cellular proliferation and cell viability (p < 0.0001). In vivo, systemic treatment with
EDC22 significantly decreased primary tumor growth rate in both an orthotopic mouse model
(OSC-19) and a flank tumor mouse model (SCC-1) (p < 0.05). In addition, EDC22 therapy
resulted in a greater reduction in tumor growth in vivo compared to radiation monotherapy (p <
0.05) and a similar reduction in tumor growth compared to cisplatin monotherapy. Combination
therapy provided no significant further reduction in tumor growth relative to EDC22 monotherapy.

Conclusion—EDC22 is a potent inhibitor of HNSCC cell proliferation in vitro and in vivo,
warranting further investigations of its clinical potential in the treatment of HNSCC.
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Introduction
Several advances in treatment modalities for head and neck squamous cell carcinoma
(HNSCC) have been made over the past several decades. These include targeted radiation
therapy (Gamma Knife and Cyber Knife) as well as various chemotherapeutics (platinum
therapies, targeted monoclonal antibodies). Despite these advances, prognosis and survival
has only minimally improved in this patient population [1–9]. Survival of head and neck
cancer patients has slightly improved following the use local therapies, such as surgery or
radiotherapy, in large part due to locoregional and distant metastatic failure [10]. While,
systemic monotherapy using platinum based compounds have limited response rates except
when combined with radiotherapy [11–14]. Whereas, targeted systemic therapy with
monoclonal antibodies lacks the potency necessary to completely halt tumorigenesis
resulting in varied response rates and limited improvement in survival rates [15]. Delivery of
highly toxic, but non-selective, small molecule inhibitors are associated with harmful side
effects and result in significant injury to normal tissues. Antibody–drug conjugates provide
the potential to improve the therapeutic index of these toxic agents by conjugating them with
targeted therapies, such as monoclonal antibodies, capable of directing the drug conjugate to
the tumor cells and minimalizing exposure to normal cells. Several antibody drug conjugate
therapies are currently in clinical trials or have recently been FDA approved. These include,
but are not limited to, therapies for myeloid leukemia (target: CD33), Hodgkin’s lymphoma
(target: CD30), breast cancer (target: HER2/neu), small cell lung cancer (target: CD56),
melanoma (target: GPNMB), B-cell lymphoma (target: CD19), and ovarian (target: EphA2,
CA6) [16]. This investigation sought to determine the efficacy of an antibody–drug
conjugate linking a small molecule inhibitor of N,K-ATPase to a monoclonal antibody
targeting the transmembrane protein CD147.

Na,K-ATPase is an enzymatic component of Na,K-ATP channels found on cell membranes.
The Na,K-ATP channel is essential to maintaining cell volume and regulating the electrical
potential of a cell. When the Na,K-ATPase is inhibited, sodium accumulates in the cell
increasing intracellular osmosis until the cell bursts [17,18]. Unconjugated small molecule
inhibitors capable of inhibiting Na,K-ATPase are non-specific resulting in high toxicity to
normal cells. However, conjugation with a monoclonal antibody targeting proteins
overexpressed by oncologic cells, would minimalize the exposure of normal cells to the
Na,K-ATPase inhibitor. This would reduce toxicity, increase the therapeutic index and
improve efficacy.

Monoclonal antibodies are capable of providing selective therapy by selecting for
extracellular or transmembrane proteins that are highly expressed on tumor cells with
limited expression on normal cells. This allows the monoclonal antibody to accumulate on
tumor cells specifically, reducing side effects and allowing for higher dosing. Unfortunately,
these therapies have had varied clinical responses, often unrelated to the protein expression
pattern of the tumor cells. This is thought to be in part the product of the resilient and
adaptive characteristic of tumor cells. With a multitude of intra- and extracellular signaling
pathways, oncologic cells are able to survive, and sometimes flourish, despite the blockade
of one of the pathways with a monoclonal antibody. As a result, there is a need for novel and
more potent therapeutics.

CD147 is transmembrane glycoprotein highly expressed on head and neck cancer cells with
very limited expression in normal tissues [19–22]. In fact, in oral epithelium expression of
CD147 gradually increases with de-differentiation of the basal epithelial layer [8,23,24]
Expression of CD147 has been shown to provide a survival advantage to cells by promotion
of cell proliferation and facilitating cell migration and invasion [25–29]. Adjacent to CD147
on the cell membrane resides the Na,K-ATPase as part of a larger complex [30]. Due to the
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selective expression of CD147 on tumor cells and the proximity to Na,K-ATP channels, we
hypothesized that delivery of an extracellular drug conjugant (EDC) linking a Na,K-ATPase
inhibitor to an anti-CD147 monoclonal antibody may result in a highly toxic
chemotherapeutic agent. This study evaluated the feasibility and potency of this EDC
(EDC22) in the treatment of HNSCC cells in vitro and in vivo.

Materials and methods
Cell lines and tissue culture

Several human HNSCC tumor cell lines were investigated: SCC-1 (University of Michigan),
OSC-19 (University of Texas, MD Anderson), FADU and Cal27 (American Type Culture
Collection, Rockville, MD). The 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.

Reagents
The anti-CD147 monoclonal antibody (clone 1A6) was constructed at the University of
Alabama at Birmingham (Tong, Z). The small drug molecule targeting Na,K-ATPase and
the extracellular drug conjugate (EDC22) was produced by Centrose LLC (Madison,
Wisconsin). Briefly, using the Centrose Carbo Connect® platform (capable of creating and
screening sugar enhanced libraries from known drugs) and scillarenin (drug precursor), a set
of differentially glycosylated bufadienolides was discovered. Differential glycosylation has
been found to increase anticancer activity [31]. These glycosylated bufadienolides contained
a primary amine used for standard conjugation chemistries resulting in the prototype EDC.
The required intramolecular distance between the binding epitope and the primary amine
(bound to Na+,K+-ATPase in the context of the functional complex), was determined using a
structural model derived from a prototypical antibody (mouse IgG antibody) [32] and an
existing structure for a Na+,K+-ATPase complex [33]. An estimation of the distance
between the antibody hinge region disulfides and the drug binding pocket was then
calculated (~95 Å). A water soluble polyethylene oxide chin linker (24 repeating PEG
subunits) was chosen. A non-cleavable heterobifunctional linker (N-hydroxysuccinimide
ester on proximal end and an orthogonal maleimide on distal terminus) [34–39] was used for
the conjugation of the bufadienolide amino-glycosides. A competitive ELISA and drug
specific ELISA (antibody specific for the core structure of small molecules) was used to
assess epitope recognition by the conjugates. Data suggest the conjugates maintain strong
target recognition as well as a potent small molecule inhibitor. Treatment efficacy of the
conjugate (EDC22) was compared to cisplatin (Sigma–Aldrich, St. Louis, MO) and
radiation therapy (X-RAD 320, RPS Services, Surrey, KT).

Western blot analysis
Cells were grown to 70–80% confluence, wasted twice with cold PBS, and lysed in lysis
buffer [50 mMTis–HCl(pH 7.5), 150 mMNaCl, 1%(v/v)NP40, 0.5% (w/v)
sodiumdeoxycholate, 1 mMED-TA, 0.1%SDS], and a protease inhibitor cocktail tablet
(Roche Applied Science, Indianapolis, IN) was added. The cleared lysates were collected by
centrifugation at 1200 g for 20 min at 40 °C. The protein concentrations were measured by
BCA protein assay (Thermo Scientific, Rockford, IL). Lysates with 10 mg of total protein
were resolved by SDS PAGE and transferred to PVDF membranes. The membranes were
incubated with the primary antibody (CD147, sc-21746, Santa Cruz Biotechnology, Dallas,
TX). After washing and incubating with horseradish peroxidase conjugated secondary
antibodies, the membranes were washed again and detected by the Amersham ECL Western
blotting detection system (GE healthcare, Buckinghamshire, UK). The membranes were
reprobed with horseradish peroxidase-conjugated mouse monoclonal antihuman beta-actin.
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In vitro proliferation assays
To determine the effects of EDC22 on cell proliferation in vitro, HNSCC cells (FADU,
SCC-1, OSC-19 and Cal27) were seeded (5 × 104 cells/well) in 48 well tissue culture treated
plates (Falcon, Becton Dickinson Labware, Franklin Lakes, NJ), treated in triplicate with
EDC22 at increasing concentrations (0, 0.25, 0.50, 1.00, 2.50, 5.00 μg/mL;day 0) and
incubated for 48 and 72 h. In addition, HNSCC cells were also treated with anti-CD147
mAb (200 μg/mL; day 0) for 48 h [40]. On day 2 or day 3 cells were trypsinized and
counted with a flow cytometer (Accuri, C6, Ann Arbor, MI).

In vitro cell viability
The ATPlite luminescence assay (PerkinElmer, Waltham, MA) was used to determine the
effects of EDC22 on cell viability in vitro. HNSCC cells (FADU, SCC-1, OSC-19 and
Cal27) were seeded (1 × 104 cells/well) in a 96 well tissue culture treated plate (Falcon,
Becton Dickinson Labware, Franklin Lakes, NJ), treated in triplicate with EDC22 at
increasing concentrations (0, 0.25, 0.50, 1.00, 2.50, 5.00 μg/mL;day 0) and incubated for 48.
On day 2 the assay was performed according to the manufacturer’s instructions and read on
a Versa Max plate reader (Molecular Devices, Sunnyvale, CA) with Soft Max Pro 5
software (Molecular Devices, Sunnyvale, CA).

HNSCC xenograft mouse model
Athymic female nude mice aged 6–8 weeks (Charles River Laboratories and National
Cancer Institute – Frederick) were obtained and housed in accordance with the Institutional
Animal Care and Use Committee (IACUC) guidelines at our institution.

To assess the effect of EDC22 on HNSCC tumor growth in vivo, an orthotopic tongue tumor
model was established by injecting OSC-19 cells (2.5 × 105) suspended in 30 μL serum-free
DMEM into the proximal tongue. For the initial in vivo evaluation of EDC22, cohorts were
divided into control, anti-CD147 monoclonal antibody 1A6 (30 mg/kg/wk), EDC22 (3 mg/
kg/wk), or EDC22 (10 mg/kg/wk) (n = 5 per group). The optimal dosing of EDC22 was
determined to be 3 mg/kg twice a week (see Section Results).

To compare EDC22 therapy to cisplatin or radiation therapy in vivo, a flank tumor model
was used. The flank tumor model was used for these experiments due to its improved
tolerance by the animals, allowing for longer treatment duration and follow up. SCC-1 cells
(2.0 × 106) were suspended in 200 μL of serum-free DMEM and injected subcutaneously
into the flank of female athymic nude mice (n = 5/group). Treatment response to EDC22 (3
mg/kg biweekly) in vivo was then compared to cisplatin (1 mg/kg/wk) [41,42] or radiation
therapy (2 Gy/wk; X-RAD 320, RPS Services, Surrey, KT).

For the treatment cohorts, treatments were administered systemically (tail vein, t.v.) and
treatment was initiated once the average volume of the orthotopic tumors was 100–120 mm3

or the flank tumors had a surface area (length x width) of 16 mm2. Orthotopic tumors were
measured triweekly (length, width and depth) and flank tumors were measured biweekly
(length and width) using calipers to approximate.

Statistical analyses
Data analyses of in vitro cell growth and in vivo xenografts growth were done using Graph
Pad Prism software (Graph Pad Software, Inc., La Jolla, CA). Quantitative data was
expressed as a mean ± standard deviation (SD). Equation for volume of an elliptoid [volume
= (4/3)(3.14)(length)(width)(depth)] was used to calculate in vivo orthotopic tongue tumor
volume. p < 0.05 was considered significant in unpaired t-test analysis used to determine
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differences between groups. Western blot band intensities were quantified using ImageJ
(http://rsb.info.nih.gov/ij/) and normalized to beta-actin.

Results
CD147 expression of the cell lines

Using western blot analysis, the relative CD147 expression levels of the HNSCC cells were
normalized to beta-actin and their denosimtries were compared. Cal27 had the lowest
expression of CD147 on densomitry (0.44), followed by OSC-19 (0.70), then FADU (1.10)
and SCC-1 (1.31). Stated differently, relative to Cal27: OSC-19 had 1.6 times greater
expression, FADU had 2.48 greater expression, and SCC-1 had 2.96 times greater
expression of CD147 (data not shown).

EDC22 profoundly inhibits HNSCC cell proliferation in vitro
Treatment of HNSCC cells with EDC22 in vitro significantly reduced proliferation (Fig. 1).
Following only 48 h of treatment, even at the lowest concentration of EDC22 (0.25 μg/mL),
cell proliferation was significantly reduced for each HNSCC cell lines (p < 0.0001). Relative
to control: FADU proliferation was 17.0%, OSC-19 proliferation was 45.5%, Cal27
proliferation was 31.0% and SCC-1 proliferation was 9.6%. For comparison, HNSCC cell
lines were also treated with high dose anti-CD147 monoclonal antibody (200 μg/mL) [40]
with an observed reduction in proliferation relative to control of 37.1% (FaDu), 71.7%
(OSC-19), 77.9% (Cal27), and 71.0% (SCC-1). Proliferation of cells treated with anti-
CD147 monoclonal antibody (200 μg/mL) alone was significantly higher for FADU (p <
0.0001), OSC-19 (p < 0.0001), and Cal27 (p < 0.0001) than when treated with any
concentration of EDC22.

Increased duration of treatment resulted in significantly higher cytotoxicity. Following 72 h
of treatment, there was an even greater reduction in proliferation at each concentration of
EDC22 and for all cell lines. Relative to control, proliferation following treatment with
EDC22 (0.25 μg/mL) were as follows: 9.5% for FADU cells, 9.1% for OSC-19 cells, 45.9%
for Cal27 cells and 9.0% for SCC-1 cells.

EDC22 profoundly reduces HNSCC cell viability in vitro
To determine the effect of EDC22 on cell viability, we assessed ATP production in a panel
of HNSCC cells treated with EDC22 (0–5.0 μg/mL) for 48 h. ATP production of the cells
was then measured and found to be significantly reduced by even the lowest dose of EDC22
(0.25 μg/mL) for each HNSCC cell line (p < 0.0001) (Fig. 2). Relative to control, ATP
production following treatment with EDC22 (0.25 μg/mL) were as follows: 2.5% in FADU
cells; 15.1% in OSC-19 cells; 38.7% in Cal27 cells; and 12.1% in SCC-1 cells.

EDC22 reduced HNSCC growth in an orthotopic nude mouse model
The in vivo antitumor efficacy of EDC22 was evaluated in HNSCC orthotopic xenografts.
Treatment cohorts were dosed with anti-CD147 antibody (30 mg/kg/wk), EDC22 (3 mg/kg/
wk), or EDC22 (10 mg/kg/wk) systemically for 18 days (Fig. 3). Relative to control and
anti-CD147 treatment cohorts, both EDC22 treatment cohorts demonstrated significantly
smaller tumor volumes on day 8 and day 10 relative to controls (p < 0.01). Interestingly,
there was a reduction in tumor volume observed on day 4 and day 6 following the first
treatment dose in both EDC22 cohorts. However, small rebound increase in tumor growth
was observed on day 8, which again was followed by decreased in tumor volume following
the second dose of EDC22. This was observed in both EDC22 treated cohorts. Therefore, it
was hypothesized EDC22 was being metabolized by day 6, allowing the tumor cells to
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proliferate. For future in vivo experiments, the dosing was increased to twice a week. For
both EDC cohorts, a reduction in tumor growth was observed for the duration of the study.
Additional reduction in tumor growth was not observed at the higher dosage of EDC22 (10
mg/kg), therefore the lower EDC22 dose (3 mg/kg) were used for subsequent experiments.

In vivo treatment with EDC22 is comparable to cisplatin
In vivo, SCC-1 flank xenografts were divided into four cohorts: control, EDC22 (3 mg/kg/
biweekly), cisplatin (1 mg/kg/wk) [41,42], and combination EDC22 and cisplatin. Tumor
growth was reported as the fraction change relative to tumor size at the start of treatment
(Fig. 4). Relative to control, xenografts treated with EDC22 had significant reduction in
tumor growth on days 8 (0.80 ± 0.11; p = 0.007), 16 (0.82 ± 0.53; p = 0.04), 26 (0.77 ± 0.74;
p = 0.04), and 30 (0.63 ± 0.57; p = 0.046). Similarly, xenografts treated with the
combination therapy had a reduction in tumor growth on days 8 (0.58 ± 0.09; p = 0.0008),
16 (0.54 ± 0.19; p = 0.01), 26 (0.12 ± 0.12; p = 0.02), and 30 (0.16 ± 0.16; p = 0.015)
relative to control. However, there was no significant difference between the tumor growth
in the EDC22 and combination therapy cohorts. There was a significant difference between
cisplatin monotherapy (1.21 ± 0.23) and combination treatment on day 8 (p = 0.009) and
relative to control on day 16 (0.78 ± 0.28; p = 0.04). Suggesting, combination therapy
provided greater reduction in tumor growth than cisplatin monotherapy alone. During the
duration of treatment, the weight of the each mouse remained stable or increased (data not
shown). Examination of the mice and observation of behavior and feeding did not find
evidence of any side effects secondary to the treatments.

Tumor growth in vivo was significantly reduced by EDC22 treatment relative to radiation
therapy

SCC-1 flank xenografts were divided into four cohorts: EDC22 (3 mg/kg/biweekly),
radiation therapy (2 Gy/wk), and combination EDC22 and radiation therapy. Tumor growth
was reported as the fraction change relative to tumor size at the start of treatment (Fig. 5).
Xenografts treated with EDC22 had significant reduction in tumor growth on days 7 (0.80 ±
0.11; p = 0.004) 10 (1.0 ± 0.14; p = 0.008), 14 (0.79 ± 0.10; p = 0.03), 17 (0.80 ± 0.28; p =
0.038), 32 (0.36 ± 0.29; p = 0.006) and day 40 (0.36 ± 0.34; p = 0.001) relative control.
Similarly, xenografts treated with the combination therapy had a reduction in tumor growth
on days 7 (0.99 ± 0.06; p = 0.003), 10 (0.83 ± 0.08; p = 0.0009), 14 (1.02 ± 0.13; p =
0.0498), 17 (0.61 ± 0.11; p = 0.047), 32 (1.3 ± 0.14; p = 0.018) and day 40 (1.5 ± 0.22; p =
0.005). There was also a significant difference between radiation therapy alone on day 7 (1.1
± 0.14; p = 0.007) and day 40 (4.5 ± 1.2; p = 0.038) relative to control. However, when both
monotherapy cohorts were compared, a greater reduction in tumor growth was found
following treatment with EDC22 monotherapy than radiation therapy alone (day 21–day 40;
p < 0.05). In addition, combination therapy resulted in greater reduction in tumor growth
compared to radiation monotherapy (day 21–day40; p < 0.05). However, there was no
significant difference between the tumor growth in the EDC22 and combination therapy
cohorts. During the duration of treatment, the weight of the each mouse remained stable or
increased (data not shown). Examination of the mice and observation of behavior and
feeding did not find evidence of any side effects secondary to the treatments.

Discussion
Tumor cells have demonstrated significant adaptability and resistance to current treatment
modalities. It is evident that more potent therapeutics are required to adequately eradicate
malignant cells. Unfortunately, the current highly toxic therapies lack selectivity and
subsequently have a narrow therapeutic index. While less toxic targeted therapeutics lack the
potency necessary to prevent proliferation of every malignant cell proliferation allowing for
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resistance to develop and adaptation by the tumor cells. Combining the potency of a more
toxic agent with the specificity of a targeting agent may allow for improved therapeutic
efficacy. Extracellular drug conjugates (EDC) link a safe, selective targeting monoclonal
antibody with a potent small drug molecule. In this preclinical study the feasibility and
efficacy of EDC22, an extracellular drug conjugate linking a potent small molecule inhibitor
targeting the external kinase regulator Na,K-ATPase with a specific monoclonal antibody
targeting CD147, was investigated.

EDC22 was found to have significant anti-proliferative effects on HNSCC in vitro. Even
when treated with extremely low doses of EDC22 (0.25 μg/mL), there was a profound
reduction in HNSCC cell proliferation relative to untreated controls. Similarly, there was a
significant reduction in HNSCC cell viability in vitro following treatment with even the
lowest dose of EDC22. Given these finding, future in vitro experiments would benefit from
treatment with a 10 to 100-fold lower concentration range. When the duration from initial
treatment dose was extended from 48 h to 72 h, it was expected cell proliferation may
stabilize or even increase as the cells adapted to treatment conditions. However, an even
greater reduction in cell proliferation was observed.

The effects of EDC22 treatment on HNSCC cells were also assessed in several in vivo
experiments. Interestingly, it was found the lower dose of EDC22 (3 mg/kg) resulted in
similar reductions in tumor growth compared to the higher dose (10 mg/kg). This suggests
lower dosage of the conjugate can be given, producing the same anti-carcinogenic effects
while minimizing side effects. Although there were no toxic side effects observed in the
xenografts, further experiments investigating the toxicity of EDC22 on normal human cell
types expressing CD147 are necessary. The optimal dosage schedule was found to be bi-
weekly. When treatments were administered once a week, a slight rebound effect was
observed prior to the next dose. We hypothesize this is the result of monoclonal antibody
circulation times as well as the challenges of delivering these macromolecules to the core of
solid tumors [16]. Increased frequency of dosing may allow for additional cells to be
exposed to EDC22 as surface cells undergo apoptosis exposing the cells beneath.

In vivo treatment with EDC22 was compared to monotherapy with a platinum based
chemotherapeutic, cisplatin, and in combination. Although these drugs have very different
mechanisms of action, this study did not find any additional benefit to treatment with
combination therapy compared to EDC22 monotherapy [41,42]. However, a comparison of
cisplatin monotherapy to combination therapy found a greater reduction in tumor growth
following combination therapy (p < 0.05). These findings suggest combination therapy may
provide a greater reduction in tumor growth than cisplatin monotherapy alone. Further
comparison of EDC22 treatment to radiation therapy found there was a significant reduction
in tumor growth following monotherapy with EDC22 relative to radiation therapy alone (p <
0.05). However, there was no significant difference between the tumor growth in the EDC22
monotherapy and combination therapy cohorts. This is likely due to the significant reduction
tumor growth with EDC22 monotherapy. In this study, the in vivo combination therapy
experiments were designed with the hope of selecting treatment dosages for the
monotherapy cohorts that would reduce tumor growth without resulting in complete
shrinkage of the tumor. Ideally, this would allow for an improved response with the
combination therapy. However, the potency of EDC22 observed in this study may be
masking potential additive benefits of combination therapy. The results from this
investigation suggest the potential for further reduction in the treatment dosage of EDC22
for future experiments.

This preliminary investigation demonstrated the potent antitumorigenic effects of EDC22.
Further investigations are warranted to determine the effects of EDC22 treatment on the
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cellular components of the tumor microenvironment (fibroblasts, endothelial cells, and
angiogenesis), and the effects of EDC22 on receptor profiling of HNSCC, normal and
supporting cells. There is potential for treatment toxicity associated with this agent given the
large variety of cell types that express CD147. The extent of toxicity will likely be mild
since normal cells express much lower levels of CD147 relative to dysplastic and squamous
cell carcinoma cells [22,24,43–45,20]. Additionally, the anti-CD147 monoclonal antibody
used in this investigation targeted human CD147, not murine CD147. Although human and
murine CD147 are highly homologous, with 51% homology of the extracellular domain
[46], this still limits the ability to draw conclusions on toxicity. A greater understanding of
the effects of EDC22 on other cell lines and receptor profiling would help determine which
combination therapies may be of added benefit, as well as which patient population would
benefit the greatest from treatment with EDC22.

In this preliminary investigation we demonstrated EDC22 has significant potency and
efficacy in the preclinical treatment of HNSCC. EDC22 was found to have a potent anti-
carcinogenic effect on HNSCC cells in vitro and in vivo. By combining the strengths of two
treatment modalities (potent, toxic small molecule inhibitor and a targeted, highly specific
monoclonal antibody), EDC22 has the potential to significantly reduce HNSCC oncogenesis
while minimalizing side effects and maximizing therapeutic efficacy. Therefore, further
investigations into its clinical efficacy and potential toxicity to normal tissues are warranted.
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Figure 1.
In vitro proliferation of HNSCC cells FADU (A), OSC-19 (B), Cal27 (C) and SCC-1 (D)
was significantly reduced following treatment with EDC22 (0–5.0 μg/mL) for 48 h and 72 h
and with anti-CD147 mAb (200 μg/mL) for 48 h. Statistical significance by unpaired t-
test, ** p < 0.01, *** p < 0.001, and **** p < 0.0001. Columns, mean for triplicate and bars,
SD.
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Figure 2.
In vitro treatment of HNSCC cells (FADU, OSC-19, Cal27, SCC-1) with EDC22 (0–5.0 μg/
mL) for 48 h resulted in a significant reduction in cell viability (ATPlite assay). Statistical
significance by unpaired t-test, ****p<0.0001. Columns, mean for triplicate and bars, SD.
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Figure 3.
Assessment of EDC22 on in vivo tumor growth in an oral cavity orthotopic tongue model.
OSC-19 cells lines were implanted in the proximal tongue of athymic nude mice (n = 5/
group). Relative to control and anti-CD147 treatment cohorts, both EDC22 treatment
cohorts demonstrated significantly smaller tumor volumes on day 8 and day 10 relative to
controls (p < 0.01). Marker, mean; bars, SD; and arrow, timing of treatment.
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Figure 4.
Assessment of EDC22 and cisplatin therapy on in vivo tumor growth in murine flank model
(SCC-1). In vivo comparison of tumor growth following treatment with EDC22 (3 mg/kg
twice wk) compared to cisplatin (1 mg/kg/wk). Statistical significance by unpaired t-test
(treatment relative to control), *p < 0.05. Marker, mean; bars, SD; and arrow, timing of
treatment.
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Figure 5.
Assessment of EDC22 and radiation therapy on in vivo tumor growth in murine flank model
(SCC-1). SCC-1 flank xenografts were divided into four cohorts: control, radiation therapy
(XRT) monotherapy, EDC22 (3 mg/kg twice wk) monotherapy and combination treatment.
Statistical significance by unpaired t-test (treatment relative to control), *p < 0.05. Marker,
mean; bars, SD; and arrow, timing of EDCC treatment.
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