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ABSTRACT

Human epithelial cancers account for approximately 50% of all cancer deaths. This type of cancer is char-
acterized by excessive activation and expression of the epidermal growth factor receptor (EGFR). The
EGFR pathway is critical for cancer cell proliferation, survival, metastasis and angiogenesis. The EGF-
EGFR signaling pathway has been validated as an important anticancer drug target. Increasing numbers
of targeted therapies against this pathway have been either approved or are currently under develop-
ment. Here, we adopted a prodrug system that uses 5-fluorocytosine (5-FC) and human EGF (hEGF) fused
with yeast cytosine deaminase (Fcy) to target EGFR-overexpressing cancer cells and to convert 5-FC to a
significantly more toxic chemotherapeutic, 5-fluorouracil (5-FU). We cloned and purified the Fcy-hEGF
fusion protein from Pichia pastoris yeast. This fusion protein specifically binds to EGFR with a similar
affinity as hEGF, approximately 10 nM. Fcy-hEGF binds tightly to A431 and MDA-MB-468 cells, which
overexpress EGFR, but it binds with a lower affinity to MDA-MB-231 and MCF-7, which express lower
levels of EGFR. Similarly, the viability of EGFR-expressing cells was suppressed by Fcy—hEGF in the pres-
ence of increasing concentrations of 5-FC, and the ICsq values for A431 and MDA-MB-468 were approx-
imately 10-fold lower than those of MDA-MB-231 and MCF-7. This novel prodrug system, Fcy—-hEGF/5-FC,
might represent a promising addition to the available class of inhibitors that specifically target EGFR-

expressing cancers.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

The majority of human epithelial cancers are marked by func-
tional activation of growth factors and receptors of the epidermal
growth factor receptor (EGFR) family. Signaling pathways gov-
erned by the EGF-EGFR axis play central roles in cancer cell prolif-
eration, survival, metastasis and angiogenesis [1]. Several EGFR
antagonists are currently available for the treatment of four meta-
static epithelial cancers: non-small-cell lung cancer, squamous-cell
carcinoma of the head and neck, colorectal cancer, and pancreatic
cancer [2]. These types of cancer account for more than 50% of all
cancer deaths.

The overexpression of EGFR on these cancer cells is a well-
characterized drug target. Two classes of EGF-EGFR inhibitors,
monoclonal antibodies and small-molecule tyrosine kinase
inhibitors, have been successfully tested and are now in clinical
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use. Anti-EGFR monoclonal antibodies, such as cetuximab
(erbitux), bind to the extracellular domain of EGFR and compete
for receptor binding by occluding the ligand-binding region,
blocking ligand-induced EGFR tyrosine kinase activation. Small-
molecule EGFR tyrosine kinase inhibitors, such as erlotinib and
gefitinib, compete with ATP for the intracellular catalytic domain
of the EGFR tyrosine kinase, inhibiting EGFR autophosphorylation
and downstream signaling [1]. Although these inhibitors of the
EGF-EGFR signaling pathway have achieved significant success in
treating variable epithelial cancers, resistance occurs in a signifi-
cant proportion of patients through various mechanisms, including
mutation of the tyrosine kinase domain, compensation by other
oncogenic pathways, etc. [3,4].

To design a novel therapeutic targeting the EGFR signal path-
way, we constructed a fusion gene encoding human EGF linked
to a yeast cytosine deaminase (CD), Fcy. This approach takes
advantage of the enzymatic ability of cytosine deaminase to con-
vert a relatively safe molecule, 5-fluorocytosine (5-FC), into a very
commonly administered chemotherapeutic, 5-fluorouracil (5-FU),
which is 1000-times more toxic than 5-FC. 5-FC has been
administered at a dose of 150-200 mg/kg for the treatment of
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fungal infections with a favorable safety profile [5]. Given that
many EGFR-overexpressing cancers, such as head and neck,
pancreatic, colon-rectal cancers, etc., were often treated by 5-FU,
this EGFR targeting prodrug system could circumvent the high
systemic cytotoxicity of 5-FU by concentrating the production of
5-FU at the EGFR-expressing tumor sites. 5-FU is a small molecule
capable of diffusing in and out of cells, leading to a significant
bystander effect without the requirement of direct cell-to-cell
contact.

In this study, we have cloned and purified a fusion protein, Fcy-
hEGF-myc-hisg (Fcy-hEGF), expressed by a yeast host, Pichia pas-
toris. This fusion protein retains both EGFR binding activity and the
capability to convert 5-FC to 5-FU, similar to the effects of EGF and
Fcy, respectively. More importantly, Fcy-hEGF binds more readily
to and exhibits a more significant cytotoxic effect on EGFR-
expressing cancer cells compared to cells with less EGFR
expression.

2. Materials and methods
2.1. Cell lines and reagents

MCF-7, MDA-MB-468, and MDA-MB-231 human breast cancer
cells and a human epidermoid carcinoma cell line, A431, were pur-
chased from American Type Culture Collection. 5-Flourocytosine
was purchased from Sigma Aldrich (St. Louis, MO).

2.2. Cloning of DNA in the yeast expression vector

The DNA sequence encoding Fcy was PCR amplified using a
cDNA library that was obtained from yeast as template, whereas
human EGF was PCR amplified using a cDNA library derived from
a human cancer cell line, SKOV3-ip1. The resulting PCR products
were cut with BamHI and EcoRI, which were introduced in PCR
primers, and ligated into the protein expression vector, pPICZ-oA,
which was cut with the same enzymes. Fcy and hEGF were individ-
ually cloned into this vector after the o-secreting signal peptide at
the N-terminus, and the C-terminus of the pPICZ-oA vector has a c-
myc and hexa-histidine (myc-hisg) tag for convenient protein rec-
ognition and purification. Another Fcy PCR product, containing a
BamHI cloning site engineered at both the 5 and 3’ ends, was di-
gested with BamHI and cloned into the pPICZ-aA-hEGF-myc-
hisg vector that was previously cut with BamHI and treated with
calf intestinal alkaline phosphatase (CIAP) to prevent self-ligation
of the vector.

2.3. Expression and protein purification

Fcy-hEGF-myc-hiss, hEGF-myc-hisg, or Fcy-myc-hisg were
transformed into wild-type X-33 P. pastoris, plated on Zeocin-con-
taining (200 pg/ml) agar plates and incubated for 3-4 days until
the appearance of colonies. Individual colonies were screened for
high expression of the individual proteins, as detected using an
antibody against c-myc. For large-scale expression, 0.5 L of BMD
medium was inoculated with the selected colony and grown in
shaker flasks to an ODggg of 8-10. Protein expression was induced
with the daily addition of upto 1% methanol. Three days after
induction, the protein-containing culture medium was collected
and subjected to filtering before being loaded onto a nickel-resin
column (Qiagen, Valencia, CA). The column was washed with 10
column volumes of PBS buffer containing 5 mM imidazole, and
the bound proteins were eluted with increasing concentrations of
imidazole, using an AKTAprime plus purification system (GE
Healthcare, Piscataway, NJ). The proteins were characterized on
SDS-PAGE gels by staining with Coomassie-blue and Western blot
analysis using an antibody specific for c-myc.

2.4. In vitro binding of Fcy-hEGF, hEGF, and Fcy to purified EGFR

Purified EGFR (R&D Systems, Minneapolis, MN) was diluted in
coating buffer (0.2 M sodium carbonate/bicarbonate pH 9.4,
0.5 pg/mL) and immobilized on an ELISA plate by incubation at
4 °C overnight. Various concentrations of Fcy-hEGF, hEGF, and
Fcy (0-50 nM) were incubated with immobilized EGFR at room
temperature for 1h, followed by washing the ELISA plate three
times with PBS buffer. The in vitro binding of each hisg-tagged pro-
teins with EGFR was detected using an HRP-tagged, anti-hisg anti-
body and developed by the addition of the HRP substrate (100 pL/
well), 3,3',5,5'-tetramethylbenzidine (TMB). The peroxidase reac-
tion was stopped 30 min after the addition of 0.5M H,SO,
(50 pL/well), and the absorbance was measured at 450 nm with a
multichannel microtiter plate reader.

2.5. In vitro enzymatic activity of Fcy—hEGF and Fcy

The enzymatic activities of Fcy—hEGF and Fcy were determined
by measuring the production of 5-FU in the presence of 5-FC. Ten
picomoles of either Fcy-hEGF (0.28 pg) or Fcy (0.20 pg) was mixed
with increasing concentrations of 5-FC (0, 0.03, 0.1, 0.3, 1, and
3 mM) in 1 ml PBS buffer to initiate the conversion of 5-FC to 5-
FU at room temperature. Two microliters of the reaction was col-
lected every three minutes and the fluorescent intensities of 5-FC
and 5-FU were measured using a NanoDrop 2000 spectrophotome-
ter (Thermo Scientific, Wilmington, DE). The absorbance at 255 and
290 nm was used to calculate the concentrations of 5-FU and 5-FC,
using a formula deduced by Senter et al. [6]: [5-FU] mM =
20 x (0.185 x A255 — 0.049 x A290); [5-FC] mM =20 x (0.119 x
A290 — 0.025 x A255). The rates of 5-FU production and 5-FC
depletion under various conditions of either Fcy-hEGF or Fcy
admixed with increasing concentrations of 5-FC were used to
calculate the V.« and k.

2.6. Fcy-hEGF, hEGF, and Fcy binding to EGFR-expressing cells

The expression level of EGFR in A431, MDA-MB-468, MDA-
MB-231, and MCF-7 cells was analyzed with Fluorescence
Activated Cell Sorting (FACS). Cell surface EGFR was detected with
an anti-EGFR antibody, cetuximab (erbitux), which was subse-
quently bound by a FITC-tagged goat anti-human IgG antibody.
To demonstrate the binding ability of purified Fcy-hEGF, hEGF,
and Fcy to cell surface EGFR, A431, MCF-7, MDA-MB-468, and
MDA-MB-231 cells were incubated with the indicated hisg-tagged
protein for 1 h. A FITC-labeled antibody specific for hisg-tag was
later incubated with the cells, which were subjected to FACS
analysis. The fluorescent intensities represent the amount of EGFR
detected by erbitux or hisg-tagged proteins on each cancer cell line.

2.7. MTT assays for the measurement of cell viability

A431, MDA-MB-468, MDA-MB-231 and MCF-7 (5000 cells/well)
cells were incubated with combinations containing different con-
centrations of 5-FC and Fcy-hEGF, Fcy, or hEGF. Two groups were
tested at different incubation times with the proteins. One group
was treated continuously with both 5-FC and the indicated pro-
teins, whereas the proteins were removed from the other group
after 1 h of incubation by washing with PBS three times before
the addition of 5-FC. Cells were plated in a 96-well plate and sub-
jected to the MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide) assay 3 days after the addition of the
indicated proteins and 5-FC. Twenty-five microliters of MTT solu-
tion (5 mg/mL in PBS) was added to the cells. After a 2-h incuba-
tion, MTT was removed and the cells were washed with PBS,
followed by addition of 0.1 mL of the extraction buffer (20% sodium
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Fig. 1. Schematic diagram and purification of proteins. (A) The genes encoding Fcy-
hEGF, hEGF-myc-hisg, and Fcy were cloned into the yeast vector, pPCIZ-oA, and
digested with the restriction enzymes, BamHI and EcoRI. (B) Coomassie staining
(left panel) and Western blot analysis (right panel) of purified Fcy (lane 1), hEGF
(lane 2) and Fcy-hEGF (lane 3) proteins.

dodecyl sulfate in 50% dimethyl formamide). After a 4-h incubation
at 37 °C, the optical densities were measured at 570 nm, and the
extraction buffer alone served as a blank.
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2.8. Data analysis

Data are given as a means (+SEM) of at least two independent
experiments. The results were analyzed by ANOVA, and the signif-
icance of differences between each treatment group was deter-
mined using Newman-Keuls multiple comparison method. Data
fitting and statistical analyses were computed using GraphPad
Prism (GraphPad Software, San Diego, CA).

3. Results
3.1. Cloning, expression and purification of Fcy—hEGF

To localize the enzymatic activity of Fcy to EGFR-expressing
cancer cells, we cloned the coding sequence of a fusion protein,
Fcy-hEGF, into a yeast expression vector, pPICZ-aA. The constructs
were designed in such a way that an alpha-secreting signaling pep-
tide would be present to assist in the secretion of the desired pro-
teins from the yeast strain, P. pastoris, after cleavage of this signal
peptide. At the C-terminus, c-myc and hexa-histidine (myc-hisg)
tags were added for convenient protein detection and purification.
Schematic representations of Fcy-hEGF, hEGF, and Fcy in the
pPICZ-aA vector are shown in Fig. 1. Fcy and hEGF are connected
with the (VPGVG), linker. The host yeast strain, wild-type X-33
P. pastoris, was transformed with the plasmids, and high-express-
ing colonies were selected with Zeocin. Proteins secreted into the
medium were then loaded onto a nickel-resin affinity column
and eluted with a high concentration of imidazole. The typical
yield of Fcy-hEGF was approximately 2-5 mg/L from yeast culture
medium, whereas the yields of both hEGF and Fcy were approxi-
mately 10-20 mg/L. The purified proteins were detected in Coo-
massie stained gels (left panel) and Western blots using an
antibody specific for c-myc (Fig. 1B).
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Fig. 2. Bioactivities of Fcy-hEGF. (A) In vitro binding of Fcy-hEGF, hEGF and Fcy to purified EGFR immobilized on an ELISA plate was examined using an HRP-tagged anti-hisg
antibody. The binding affinities of Fcy-hEGF and hEGF for EGFR are 11 + 2 and 13 * 3 nM, respectively, whereas no discernible coupling between Fcy and EGFR was noted. (B)
The rates of 5-FU production by 10 pmol of Fcy-hEGF (0.28 pg) and Fcy (0.20 pg) were determined in the presence of increasing concentrations of 5-FC (0-3 mM). The 5-FU
production rates were plotted against the concentrations of 5-FC. Each experiment was repeated in duplicate, in at least three experiments.
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Fig. 3. Fcy-hEGF, hEGF, and Fcy bind to cells with various EGFR expression levels. (A) The expression level of EGFR was analyzed in A431, MDA-MB-468, MDA-MB-231 and
MCEF-7 cells with FACS using an anti-EGFR antibody, erbitux. The binding of Fcy-hEGF, hEGF, and Fcy to cell surface EGFR was determined using an anti-hisg-tag antibody
labeled with FITC. (B) The mean fluorescent intensity (MFI) obtained from the binding of erbitux and hEGF was plotted against that of Fcy-hEGF binding to individual cell
lines. (C) Fcy-hEGF alone exhibits suppressive effects on EGFR-overexpressing MDA-468 and A431 cells compared with MDA-231 and MCF-7 cells (*p < 0.05). Representative

data from three independent experiments are shown.

3.2. Fcy-hEGF retains the characteristics of both Fcy and hEGF

To confirm that Fcy-hEGEF still preserves the functional proper-
ties of both Fcy and hEGF, we examined the EGFR binding and
enzymatic activity of this fusion protein. The binding affinities of
Fcy-hEGF and hEGF, for purified EGFR immobilized on an ELISA
plate, were similar, whereas no discernible binding of Fcy to EGFR
was noted (Fig. 2A). The enzymatic activity of the Fcy moiety of
Fcy-hEGF was evaluated by measuring the change in fluorescent
intensities contributed by 5-FU. The rates of 5-FU production by
both Fcy-hEGF and Fcy were accelerated in the presence of
increasing concentrations of 5-FC (Fig. 2B). The deduced V.« values
of 5-FU production by Fcy-hEGF and Fcy were 20 + 2 and 22 + 3 puM/
min/pg, respectively, whereas the k;, values were 0.45 + 0.10 mM
and 0.49 + 0.15 mM, respectively. Likewise, the calculated rates of
5-FC depletion, expressed by the changes in absorbance at 255
and 290 nm, were in agreement with 5-FU production. The V.« of
5-FC depletion for Fcy-hEGF and Fcy were 20 £2 and 21 2 uM/
min/pg, respectively, whereas the k;, values were 0.40 + 0.10 mM
and 0.44 £ 0.09 mM, respectively (Fig. 2C). There was no significant
difference in EGFR binding between Fcy-hEGF and hEGF or in
enzymatic activity between Fcy-hEGF and Fcy.

3.3. Fcy-hEGF binds to EGFR-expressing cancer cells in the absence of
mitogens

We used FACS to examine the binding of Fcy-hEGF to cell sur-
face EGFR. EGFR expression levels on A431, MDA-MB-468, MDA-

MB-231 and MCF-7 cells were analyzed using the anti-EGFR anti-
body, erbitux, which was subsequently bound by a FITC-tagged
goat anti-human IgG antibody. The binding of Fcy-hEGF, hEGF,
and Fcy to cell surface EGFR was determined using an anti-hisg-
tag antibody labeled with FITC (Fig. 3A). The mean fluorescent
intensity (MFI) obtained from binding of erbitux and hEGF was
plotted against that of Fcy-hEGF binding to individual cell lines.
The linear regression exhibited good correlation between the MFI
of Fcy-hEGF binding and EGFR detection with the EGFR-specific
antibody, erbitux, or the native ligand, EGF (Fig. 3B). MTT assays
were performed to evaluate the potential mitogenic effect of
Fcy-hEGF on cells with various EGFR-expression levels. Although
the EGF moiety contributes to the binding of the Fcy-hEGF fusion
protein to EGFR, it does not enhance the proliferation of EGFR-
expressing MDA-468 and A431 cells. On the contrary, Fcy-hEGF
demonstrates an inhibitory effect on cell proliferation, in a dose-
dependent manner, especially in MDA-468 and A431 cells (Fig. 3C).

3.4. The combination of 5-FC and Fcy-hEGF preferentially suppresses
the viability of EGFR-expressing cells

The dose-dependent effect of Fcy—hEGF and Fcy, combined with
1 mg/mL of 5-FC, on A431, MDA-MB-468, MDA-MB-231 and MCF-7
cells was evaluated using an MTT assay. We observed a dose-depen-
dent suppressive effect of Fcy-hEGF on both MDA-468 and A431,
whereas the inhibitory effect on MCF-7 and MDA-231 reached a pla-
teau at 58% and 40% cell viability, respectively (Fig. 4A). In contrast,
the suppressive effects of Fcy did not demonstrate specificity be-
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Fig. 4. Fcy-hEGF combined with 5-FC displays a significant inhibitory effect on EGF-overexpressing MDA-468 and A431 cells. (A) In the presence of 5-FC (1 mg/ml), we
observed marked dose-dependent inhibition by Fcy-hEGF in MDA-468 and A431 cells, with ICsy values of 2.1 and 1.0 nM, respectively. In contrast, the inhibitory effect of
Fcy-hEGF on MDA-231 and MCF-7 plateaued at 40% and 58% cell viability (p value of MDA-468/A431 vs. MDA-231 and MCF-7: <0.05 and <0.001, respectively). (B) No
discernible difference was detected with increasing concentrations of Fcy on the cell lines tested. (C and D) Dose-response curves of 5-FC were obtained by continuously
treating cells with either Fcy-hEGF (C) or Fcy (D). As opposed to the Fcy-treated group, significant differences were observed between cell lines that expressed high (MDA-468
& A431) and low (MDA-231 & MCF-7) levels of EGFR (***p < 0.005 in Fcy-hEGF treated group). (E and F) Similar experiments were conducted as in Fig. 4(C) and (D), except the
cells were incubated with either Fcy-hEGF (E) or Fcy (F) for only 1 h before washing with PBS and the addition of 5-FC. In the Fcy-hEGF treated group, 5-FC treatment resulted
in a more significant suppressive effect on both MDA-468 and A431 cells compared with MDA-231 and MCF-7 cells (***p < 0.005). These experiments were conducted at least

three times, with similar results.

tween cell lines and was less significant than the effect of Fcy-hEGF
(Fig. 4B). MTT assays were also conducted to determine the dose-
dependent effect of increasing concentrations of 5-FC in the pres-
ence of Fcy-hEGF and Fcy (100 nM). Similar to our previous results,
the viability of EGFR-overexpressing MDA-468 and A431 cells dis-
played the most significant reduction in response to the mixture
of 5-FC and Fcy-hEGF. This prodrug system suppressed the viability
of MDA-231 and MCF-7 cells to a lesser extent (Fig. 4C). Importantly,
this specificity toward EGFR-expressing cells was not observed with
Fcy (Fig. 4D). To better demonstrate the inhibitory effect of Fcy-
hEGF in conjunction with 5-FC, the medium containing either Fcy-
hEGF (Fig. 4E) or Fcy (Fig. 4F) was removed after 1 h of incubation,
and the cells were washed with PBS three times before the addition
of increasing concentrations of 5-FC. Cell viability was suppressed to

a similar extent as was observed in the experiments conducted un-
der the continuous presence of the indicated proteins, as shown in
Fig. 4C and D, albeit with a rightward shift of ICsq values.

4. Discussion

Given that metastatic epithelial cancers account for a significant
portion of all cancer deaths, it is imperative to develop therapeu-
tics that specifically treats this type of cancer. One of the signatures
of these epithelial cancers is the overexpression of EGFR, which
contributes to many hallmark features of cancer, including resis-
tance to apoptosis, unlimited growth, angiogenesis, unresponsive-
ness to contact inhibition, etc. [7].
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In the present study, we investigated the potential of an Fcy-
hEGF fusion protein combined with 5-FC as a therapeutic agent
for EGFR-expressing cancer cells. Fcy is the yeast cytosine deami-
nase (CD), which is capable of converting a less toxic antifungal
medicine, 5-FC, into a widely administered chemotherapeutic, 5-
FU [8]. Several research groups have obtained promising results
while investigating recombinant cytosine deaminase proteins
fused with targeting molecules for the tumor or its microenviron-
ment [9-12]. The anticancer effects of the combination of CD/Fcy
and 5-FC has also been explored as a prodrug system using gene
therapy approaches with different vehicles, ranging from lipo-
somes, anaerobic bacteria, and viruses to human mesenchymal
stem cells [13]. However, due to the complex nature of gene ther-
apy, the safety and effectiveness of a variety of carriers and vectors,
gene transduction and expression efficiency, and tumor specificity
may present challenges for the success of this combination [14].

We cloned the genes encoding Fcy—-hEGF or its control proteins,
Fcy and EGF, into a P. pastoris yeast expression vector. These hexa-
histidine-tagged proteins were secreted into the culture medium
and purified using a nickel-resin column. Fcy-hEGF retained both
its ability to bind EGFR and to convert 5-FC to 5-FU, with affinity
and enzymatic activity similar to that of EGF and Fcy, respectively.
The deduced k, and V.x values of 5-FU production were
0.45+0.10 mM and 20 + 2 uM/min/pg, respectively, which were
similar to those of 5-FC depletion (Fig. 2B and C). The k,, values
of Fcy-EGF and Fcy for 5-FC were comparable, while they were
smaller than the k, of 0.8 mM derived from a glutathione-S-trans-
ferase (GST)-fused Fcy expressed by Escherichia coli [8]. Addition-
ally, a difference in the V,.x values of Fcy-EGF and Fcy-GST was
also noted (20 + 2 vs. 68 + 12 uM/min/pg, respectively). This dis-
crepancy might be partly because different hosts were used to ex-
press the Fcy-hEGF and Fcy-GST proteins.

The Fcy-hEGF protein binds to EGFR expressed on the cell sur-
face to a similar extent as the EGFR-specific antibody, erbitux, and
native ligand, EGF. Several tumor-targeting fusion genes/proteins
have been generated by linking cytosine deaminase to molecules
with antiangiogenic properties, such as endostatin [15], or those
specific for markers of the tumor [11,12,16] and its microenviron-
ment [10]. To our knowledge, the Fcy-hEGF protein produced here
is the first attempt to use the native ligand of a receptor abundantly
expressed by cancer cells for targeting cytosine deaminase to cancer
cells. This approach may offer some advantages compared to previ-
ous examples of CD-conjugated molecules. Overexpression of EGFR
on cancer cells, such as MDA-468 and A431 [17], could reach well
over one million proteins per cell, thereby providing an enormous
amount of binding sites for Fcy—hEGF and the potential for generat-
ing high local concentrations of 5-FU. Additionally, EGF coupled
with EGFR could be internalized into the nucleus [18], where 5-FU
exerts its functions. However, the mitogenic effect of Fcy—-hEGF
might be incurred by the EGF moiety. We examine the potential pro-
liferative effect of Fcy-hEGF on cancer cells with various EGFR
expression levels using the MTT assay. The viability of EGFR-over-
expressing MDA-468 and A431 cells was unexpectedly suppressed
by increasing concentrations of Fcy-hEGF alone, to a level reaching
statistical significance compared with those of MDA-231 and MCF-7
cells (Fig. 3C). This distinct effect was not observed while testing the
response of cells to Fcy (data not shown).

Although Fcy-hEGF and Fcy exhibited comparable enzymatic
activity in cell-free assays, our cell viability assay displayed signifi-
cantly divergent results when comparing cells that express high and
low levels of EGFR, following treatment with 5-FC combined with
either Fcy-hEGF or Fcy and 5-FC (Fig. 4A and C vs. B and D). Fcy-
hEGF in combination with 5-FC demonstrates a preferential sup-
pressive effect on MDA-468 and A431 cells compared to MDA-231
and MCF-7 cells, even though Fcy, similar to Fcy—hEGF, was contin-
uously present in the culture medium. This result is due to the dif-

ferential interaction between Fcy-hEGF and the cells expressing
high vs. low levels of EGFR rather than a difference in vulnerability
to 5-FU, given that no significant difference in the ICsq values of 5-FU
was observed among these cell lines (data not shown). Furthermore,
a significant dose-dependent response to 5-FC was only observed in
MDA-468 and A431 cells after a 1-h incubation and removal of Fcy-
hEGF, suggesting that Fcy-hEGF/5-FC specifically targets cells that
expression high levels of EGFR.

Our results demonstrate the availability of a purified, unique
Fcy-hEGF fusion protein that is capable of binding with high affin-
ity to its receptor, EGFR, and converting 5-FC to 5-FU to preferen-
tially inhibit EGFR-overexpressing cancer cells. Thus, this
therapeutic agent merits further development and might be a valu-
able addition to the arsenal of therapeutics targeting EGFR-
expressing cancers.
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