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Abstract
A deimmunized bispecific anti-cancer agent was constructed to simultaneously target both the
overexpressed EGF receptor on carcinomas and urokinase receptor (uPAR), that is found on the
endothelial cells of the neovasculature within tumors. Flow cytometry assays were performed
confirming that several different carcinoma lines overexpressed EGFR. Specifically, UMSCC-11B
and NA, two head and neck squamous cell carcinomas were highly positive. These head and neck
lines, as well as several other carcinoma lines, were then tested in leucine incorporation assays to
determine the efficacy of dEGFATFKDEL. Human vein endothelial primary cells, which are
largely EGFR negative but uPAR positive, were also tested to determine whether the ATF portion
of the molecule that binds uPAR was effective. Both the carcinoma lines and the endothelial cells
were inhibited at sub-nanomolar concentrations by dEGFATFKDEL. Furthermore, mouse studies
were performed to determine whether this bispecific-targeted toxin was effective at inhibiting
tumor growth in vivo. UMSCC-11B tumors were treated with either dEGFATFKDEL, irrelevant
control CD19KDEL, or left untreated. The tumors receiving dEGFATFKDEL were significantly
inhibited whereas the negative control and untreated tumors progressed. In a separate in vivo study
involving another carcinoma line, MDA-MB-231, the effectiveness of dEGFATFKDEL was
confirmed. No toxicity was seen at the doses used in either of these mouse studies. This bispecific
agent is potently effective in a mouse model of head and neck squamous cell carcinoma.
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Introduction
Head and Neck squamous cell carcinoma (HNSCC) is the sixth most common worldwide
form of cancer (1). While many new therapeutics have been developed over the past 20
years to treat HNSCC, survival rates remain virtually unchanged. A major contributing
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problem to this in HNSCC and other carcinomas is chemo-resistance (1–4). Therefore, new
drugs and new drug combinations are urgently needed to overcome the problem of
chemoresistance.

Targeting over-expressed tumor markers is a common strategy in HNSCC. Perhaps the most
well known of these over-expressed markers is epithelial growth factor receptor or EGFR
(5–6). EGFR activates cellular pathways responsible for cancer proliferation, invasion,
metastasis, angiogenesis, and resistance to apoptotic signals (7). Thus, new drugs are
currently under development to target EGFR in many carcinomas, including HNSCC (8–
10).

Urokinase-type plasminogen activator receptor (uPAR) is expressed in a number of solid
tumors such as HNSCC. Importantly, uPAR is also expressed on tumor associated stromal
cells particularly on the cells that make up the endothelial neovasculature. uPAR normally
functions by catalytically converting its ligand pro-uPA into active uPA which causes
proteolytic degradation of a number extracellular matrix proteins (11–12). However, uPAR
overexpression in cancer corresponds with poor prognosis because of its pro-invasive,
proliferative, and metastatic functions. Thus, uPAR has been an attractive target for anti-
cancer therapies (13–15).

Targeted toxins (TT) are a type of biological drug consisting of a ligand that specifically
recognizes a receptor expressed on cancer cells fused to a catalytic protein toxin that are
extremely potent. The activity of the TT is dependent on the ligand binding its receptor and
becoming internalized. Following internalization the toxin inhibits protein translation within
the target cell causing apoptosis (16).

Recently we reported the activity of a deimmunized bispecific TT, dEGFATFKDEL, in
glioblastoma (17–18). This bispecific fusion protein is made up of human EGF and the
amino terminal fragment (ATF) of uPA linked to a deimmunized truncated form of
Pseudomonas exotoxin A (PE38). This enables the simultaneous targeting of both the
overexpressed EGFR on tumor cells and the uPAR on the tumors endothelial neovasculature
via enzymatic ADP ribosylation of Elongation Factor-2 (19). Thus, targeted tumor cells die
and the tumor neovasculature is also destroyed thereby starving the tumor. Importantly, this
toxin is deimmunized which significantly reduces its ability to elicit neutralizing antibodies
(17–18). Here we studied the efficacy of dEGFATFKDEL for the first time in an
intratumoral therapy model of human HNSCC.

Methods
Construction and Purification of dEGFATFKDEL

For this study, dEGFATFKDEL was constructed and purified as described previously (17).
Briefly, synthesis of dEGFATFKDEL was accomplished by fusion of the genes encoding
human EGF and the amino terminal fragment (ATF) from uPA. These were then genetically
linked to a deimmunized, truncated pseudomonas exotoxin 38. This fusion gene product was
then spliced into the Novagen pET28c bacterial expression vector and transfected into
competent cells. The bacteria were grown up and protein expression induced using
isopropyl-b-D-thiogalactopyranoside (FisherBiotech). Inclusion bodies were isolated and the
protein refolded, dialyzed, and purified over a fast protein liquid chromatography ion
exchange column (Q sepharose Fast Flow, Sigma) as well as a size exclusion column
(Superdex 200, Pharmacia). The resulting column fractions of the protein peak were pooled
and purity was determined by SDS-PAGE stained with Commasie Brilliant Blue.
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Cell Lines
The squamous cell carcinoma line UMSCC-11B was derived from a larynx tumor following
chemotherapy treatment at the University of Michigan (20). Another squamous cell
carcinoma, NA-SCC, was isolated from a tongue tumor (21). Dr. Frank Ondrey (University
of Minnesota) obtained these lines from their originator Dr. Thomas E. Carey (Department
of Otolaryngology-Head and Neck Surgery, University of Michigan) and supplied us with
the cells. STR testing was done at John Hopkins University's Fragment Analysis Facility to
authenticate the UMSCC-11B cell line. MDA-MB-231 cells were originally obtained from
pleural effusion of stage III breast carcinoma patients. These cells were obtained from the
American Type Culture Collection (ATCC, Rockville, MD, USA). Raji cells are a B cell
line derived from a Burkitt's Lymphoma and were also obtained from ATCC. The colorectal
carcinoma line, Caco-2 was also obtained from ATCC. Human umbilical vein endothelial
cells (HUVEC) were obtained from Lonza (Lonza Group Ltd).

Flow cytometry
Flow cytometry was performed to determine the level of EGF and uPAR expression on the
surface of the cell lines. A fluorescence-activated cell sorting (FACS) Caliber was used for
all flow experiments at the University of Minnesota's Flow Cytometry Core Facility.
Antibodies were labeled with fluorescein isothiocyanate (FITC) and data analysis was
performed using FLOWJO. The percentage of positive cells was determined by gating
control cells that were not incubated with antibody.

Bioassays
Protein synthesis assays measuring [3H]leucine incorporation were used to determine the
effect of dEGFATFKDEL on the cell lines. Proliferation assays were also performed on
occasion using [3H]thymidine incorporation. These assays have been described previously
(17–18, 22). Briefly, cells are plated in 96-well flat-bottomed plates and allowed to adhere
overnight in a 37°C and 5% CO2 incubator. The targeted toxins were added in triplicate at
10-fold serial dilutions and incubated for 48 hours. Wells are then pulsed with either
[3H]leucine (protein synthesis assay) or [3H]thymidine (proliferation assay) with 1 μCi per
well and allowed to incubate for another 24 hours. Plates are then frozen to detach the cells,
harvested onto glass fiber filters, washed, dried, and counted using standard scintillation
methods. [3H]leucine assays were done using Leucine-free medium. Data are reported as the
percentage of control counts.

In vivo studies
The in vivo studies were done on male nu/nu mice purchased from the National Cancer
Institute, Frederick Cancer Research and Development Center, Animal Production Area, and
housed in microisolator cages in the pathogen-free AAALAC accredited facility under the
care of the Department of Research Animal Resources at the University of Minnesota. All
animal research protocols had been approved by the University of Minnesota Institutional
Animal Care and Use Committee. For the flank tumor studies, UMSCC-11B and MDA-
MB-231 cells were stably transfected with a vector containing a firefly luceriferase (luc)
gene and a blastocidin resistant gene. This allowed the tumors to be imaged in real time to
track the growth or regression of the tumors. For the UMSCC-11B/luc study, four million
tumor cells were injected subcutaneously in the left flanks of the mice (5 mice/group). The
mice were treated with 2ug's of dEGFATFKDEL intratumorally MTWTh starting on day 7
post-inoculation and ending on day 35. For the MDA-MB-231/luc study, 3 million cells
were injected subcutaneously into the left flanks of the mice. Tumors were injected
intratumorally with 3ug of dEGFATFKDEL starting on day 25 and 8 courses of treatment
were given where one week of injections (MWF) constitute one course. Tumors for both
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studies were measured using digital calipers and the volume was calculated as the product of
the width, length, and height. The mice were weighed regularly in order to monitor for
treatment-related toxicities that typically cause a drop in body weight. Mice were imaged
once a week in real time using Xenogen Ivis imaging system (Xenogen Corporation,
Hopkington MA). Imaging was done as described previously (18, 22). For the imaging, mice
were anesthetized using isoflurane gas and then injected with 100ul of a 30 mg/ml D-
luciferin solution (Gold Biotechnology, St. Louis MO) 10 minutes prior to imaging. Mouse
images represent a 5 minute exposure time and the units of luminescence is expressed as
photons/s/cm2/sr. Prism 4 (Graphpad Software, San Diego CA) was used for all statistical
analysis.

Results
Flow Cytometry Expression Analysis

In order to determine the level of expression of EGFR and uPAR present on the surface of
the head and neck carcinoma cell line, UMSCC-11B, flow cytometry was performed. As
shown in figure 1, UMSCC-11B cells are 100% EGFR positive, while only 1.51% uPAR
positive. The cells were also probed with the FITC labeled negative control anti-CD19
antibody, HD37, which showed no reactivity against the carcinomas, but did against the B
cell lymphoma line Raji. Table 1 shows another head and neck carcinoma, NA-SCC, also
highly expresses EGFR at 99%. The breast carcinoma line MDA-MB-231 and colon
carcinoma line Caco-2 also highly express EGFR at 91.2% and 98.8% respectively. Human
umbilical vein endothelial cells, or HUVECs, were 61% uPAR positive, but had minimal
EGFR expression (3.7%). Thus, the head and neck carcinoma lines (UMSCC-11B and NA),
as well as the breast carcinoma line (MDA-MB-231) are excellent targets for an EGFR
targeted therapy. The primary Human umbilical vein endothelial cells (HUVEC's) show that
human endothelial cells, which are part of the neovasculature, are uPAR positive and will
serve as targets for our bispecific drug.

In vitro Assays
Based on the results of the flow cytometry studies, [3H]leucine incorporation assays were
performed to determine the level of selective protein synthesis inhibition of
dEGFATFKDEL on these cell lines. As shown in figure 2a and b, dEGFATFKDEL
selectively inhibited both of the head and neck cell lines, UMSCC-11B, and NA-SCC, with
IC50 values at sub-nanomolar concentrations (1.38e−4nM and 4.37e−5nM respectively).
MDA-MB-231, a breast carcinoma line, had a similar IC50 value of 5.01e−4nM as seen in
figure 2c. Figure 2d shows a Leucine assay graph of a colorectal carcinoma cell line,
Caco-2. While dEGFATFKDEL was not quite as potent (IC50=2.19e−3nM) against Caco-2,
it was still selectively active. The HUVEC's were tested in figure 2e to determine whether
cells that were uPAR positive, but EGFR negative could still be killed by dEGFATFKDEL.
Indeed our bivalent dEGFATFKDEL has an IC50 concentration of 0.03nM and can therefore
bind uPAR-expressing cells, internalize, and inhibit protein synthesis. Thus, both the EGF
and ATF portions of our molecule are highly active. Raji cells (a B-cell lymphoma line)
were tested to determine whether dEGFATFKDEL could still inhibit protein synthesis even
though the line is EGFR and uPAR negative. Figure 2f shows that while a targeted toxin that
binds CD22 and CD19 (d2219ARLKDEL) can inhibit protein synthesis, dEGFATFKDEL
cannot. Thus, dEGFATFKDEL is a highly specific and bifunctional drug.

In vivo Studies
To determine the activity of dEGFATFKDEL in vivo, a flank xenograft tumor model was
used. For the study, UMSCC-11B cells that had been stably transfected with a gene
expressing firefly luciferase (luc) were injected into the left flanks of nude mice.
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UMSCC-11B/luc tumors were treated intratumorally for 4 weeks starting on day 7 with
dEGFATFKDEL. Figure 3a shows a clear inhibition of the tumor growth in treated verse
untreated animals. There were 5 mice per group and the results are statistically significant.
To show the selective efficacy of dEGFATFKDEL, a negative control group was treated
with CD19KDEL (a targeted toxin specific for CD19). Even though the mice were treated
aggressively with these targeted toxins, there were no signs of toxicity at the concentrations
used based on the unchanging average mouse weights shown in figure 3b. Figure 4 shows
luminescent images of representative mice from the 3 groups. The images of the
dEGFATFKDEL treated group show a regression over time of the luminescent signal
indicating a corresponding tumor regression. Unlike dEGFATFKDEL, CD19KDEL was not
effective at causing tumor regression as the CD19KDEL treated mice showed no decrease in
luciferase activity.

To confirm the effectiveness of dEGFATFKDEL in another carcinoma, MDA-MBA-231/
luc tumors were treated intratumorally for 8 weeks. MDA-MB-231/luc tumors grow slower
than UMSCC-11B/luc tumors, thus a modified does schedule of 3ug every MWF was used
instead of the more aggressive MTWTh regimen. As seen in figure 5, untreated tumors grew
normally, while dEGFATFKDEL treated tumors were completely inhibited. No drug
toxicity was seen in the treated mice in the study either (data not shown). These results show
that dEGFATFKDEL is effective at inhibiting tumor growth and causing tumor regression
in both head and neck carcinoma as well as in a second model of carcinoma.

Discussion
This is the first report of a bispecific targeted toxin that simultaneously targets EGFR and
the neovasculature in carcinomas. Tumors were chosen that were EGFR positive and uPAR
negative. The anti-EGFR moiety of the hybrid protein bound EGFR on the tumors and the
anti-uPAR moiety bound on endothelial cells as evidenced by the ability of the drug to kill
HUVEC cells. These studies show that dEGFATFKDEL selectively inhibited protein
synthesis in both head and neck and breast carcinoma tumors in vitro and caused regression
of tumors in vivo. While many therapies have been developed to target either the tumor or
the neovasculature, this one simultaneously targets both.

Targeted toxins (TT) are a type of biological drug consisting of ligands fused to a catalytic
protein toxin that specifically bind receptors on cancer cells, internalize, and inhibit protein
translation thereby causing apoptosis in the target cells. Historically, one main issue has
curtailed the use of targeted toxins in the clinic. The development of antibodies against the
toxin portion of the fusion protein has limited the efficacy of targeted toxins because
multiple treatments are needed to penetrate solid tumors and cause regression (23). Pastan
and Onda originally showed that mutations made in the immunogenic regions of PE38 allow
for repeated treatments using dEGFATFKDEL without anti-toxin antibodies developing
(24). We used these mutations to develop dEGFATFKDEL and showed that mice
immunized with dEGFATFKDEL had a greatly reduced capacity for anti-toxin antibody
response as compared to unmodified parental EGFATFKDEL (18). Indeed, these mutations
have allowed us to create several non-immunogenic targeted toxins that are effective against
a range of cancers (18, 25–27). Furthermore, TT act synergistically when added as an
adjunct to classical chemotherapy and are more effective in combination than using either
therapy separately (28–29).

Targeting the EGF receptor has shown to be effective in cancer therapy because it is over
expressed on many human carcinomas. Several studies using targeted toxins specific for
EGFR have been undertaken with promising results (30–32). Furthermore, the Food and
Drug Administration (FDA) have approved no less than five EGFR inhibitors for the
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treatment of various types of cancer. They include Cetuximab (head and neck and colorectal
cancer), gefitinib (non-small cell lung cancer), erlotinib (non-small cell lung and pancreatic
cancer), panitumumab (colorectal cancer), and lapatinib (breast cancer) (10, 33). While these
drugs have been an important step forward in the treatment of these cancers, advances have
been incremental and there is still much room for improvement.

Angiogenesis is a critical step in tumorigenesis in which new blood vessels are formed.
Without a sufficient blood supply, tumor growth is limited and the tumor regresses.
Therefore, many anti-angiogenic agents, such as Thalidomide, Bevacizumab, sunitinib,
among many others have been developed and approved by the FDA for the treatment of
many types of cancer (34). Since uPAR plays a role in neoangiogenesis within tumors, and
is also involved in tumor proliferation, tissue invasion, and metastasis, it has become an
important target (13–15,35). Thus, we designed dEGFATFKDEL to kill uPAR positive cells
in the tumor microenvironment. Interestingly, dEGFATFKDEL is a more potent inhibitor of
protein synthesis than the equimolar combination of the two separate TT EGFKDEL and
ATFKDEL (18). One explanation could be that the affinity of the bispecific may be greater
than the monospecifics or that the bispecific somehow stabilizes the binding of the scFv's to
their specific receptors. In vivo, the bispecific would also have two different targets in the
tumor microenvironment it could bind, thus providing an increased opportunity for the
necessary binding and internalization to take place while monospecifics may be able to
diffuse out of the tumor more readily. While the mouse model used here does not provide in
vivo proof of vascular effects, the in vitro studies clearly show that dEGFATFKDEL is a
potent inhibitor of uPAR positive endothelial cells as shown by the HUVEC assays.

Development of bispecific-targeted therapeutics for cancer treatment is on the rise. Many of
these function by either retargeting effector molecules or effector cells (36). One of these is
a bispecific antibody developed recently that focuses on inhibiting angiogenesis by targeting
PDGFR and VEGFR-A. This bispecific was effective at inhibiting A673
rhabdomyoscarcoma tumors (a typical anti-angiogenesis model) in vivo (37). However, only
targeting the angiogenesis pathway has only been mildly effective in the clinic (38).
Furthermore, the immune system in many cancer patients is compromised either by the
cancer itself or by many chemotherapy treatments (39–40). Bispecific TT, however, do not
require immune effector cells to mediate cell death. The catalytic protein toxin enables these
molecules to specifically target the tumor cells and tumor microenvironment.

Here we show for the first time that dEGFATFKDEL targets both EGFR positive tumor
cells as well as the uPAR positive neovasculature cells in head and neck carcinoma and
confirmed its activity in a second carcinoma model as well. This two-pronged approach
enables dEGFATFKDEL to potently inhibit protein synthesis in vitro and tumor growth and
progression in vivo. Its efficacy, potency, selectivity, and mechanism of action give it an
advantage over other biological drugs. Thus, dEGFATFKDEL warrants further study and
characterization for the clinical treatment of carcinoma.
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Figure 1.
Flow cytometry dot plot of the head and neck carcinoma line UMSCC-11B probed with
either FITC conjugated anti-EGFR antibody or anti-uPAR antibody. Cells were also probed
with the negative control HD37-FITC (an anti-CD19 antibody).
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Figure 2.
The activity of dEGFATFKDEL against the carcinoma lines was determined by Leucine and
Thymidine incorporation assays. UMSCC-11B, NA-SCC, MDA-MB-231, and Caco-2
Leucine incorporation assays showed that dEGFATFKDEL was selectively active while the
negative control in each case had no effect (a–d). HUVEC primary cells were also tested and
were selectively inhibited by dEGFATFKDEL as well. However, dEGFATFKDEL had no
effect on the EGF and uPAR negative B cell lymphoma line Raji, while a positive control
targeted toxin specific against CD22 and CD19 had activity (f).
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Figure 3.
Mouse tumor model of UMSCC-11B show dEGFATFKDEL is effective at inhibiting tumor
growth. As seen in (a) tumor growth was inhibited in dEGFATFKDEL treated mice as
compared with the no treatment mice. Student t test analysis was performed for
dEGFATFKDEL treated tumors compared with untreated tumors on each day. The tumor
size between groups became significantly different on day 23 (p<0.05). Body weight was
measured in (b) and shows that treated mice did not have any significant weight loss due to
drug toxicity throughout the study.
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Figure 4.
Real time images of representative mice from the UMSCC-11B study are shown. Mice
treated with dEGFATFKDEL exhibited tumor reduction over time shown by the
corresponding decrease in luminescence. Control treated and untreated mice, however, had
continually increasing luminescent levels.
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Figure 5.
A second mouse carcinoma model was used to confirm the results from the UMSCC-11B
study. MDA-MB-231 tumors treated with dEGFATFKDEL were inhibited, while untreated
tumors grew normally over time. Student t tests were performed on every day. The
dEGFATFKDEL treated tumors were statistically different (p<0.05) from the untreated
controls on day 35, and on every subsequent day.
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Table 1

Expression levels of EGFR, uPAR, and negative control CD19 was determined by flow cytometry.
UMSCC-11B, NA-SCC, MDA-MB-231, and Caco-2 all highly express EGFR, but have negligible uPAR
expression. HUVEC contained high levels of uPAR receptor as expected. The negative control antibody,
HD-37FITC, bound very highly to Raji cells, a CD19 positive B-cell lymphoma line.

EGFR uPAR CD19

UMSCC-11B 100.0 1.5 0.7

NA-SCC 99.0 1.3 0.4

MDA-MB-231 91.2 1.2 1.3

HUVEC 3.7 61.2 2.8

Raji 5.6 7.7 95.8

Caco-2 98.8 .4 .8
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