
Abstract. We report the genetic construction and expression
of a fusion protein between a single chain fragment variable
(scFv) human antibody (E8) specific for CEA cell surface
antigen and yeast cytosine deaminase (yCD). Sequences
encoding for the scFvE8 human monoclonal antibody re-
cognizing an epitope shared by CEACAM1, CEACAM3 and
CEACAM5 isoforms were assembled with a monomer of yCD.
The construct was placed under the transcriptional regulation
of the lac promoter, and in frame with 6xHis tag for protein
purification. After transformation and induction of E. coli,
the protein was recovered from cell lysates and processed for
purification. The scFvE8:yCD fusion protein possessed the
binding specificity for melanoma (Mel P5) and colon
carcinoma (LoVo) cell lines similar to its cognate human
scFv antibody. The scFv8:yCD system showed the ability to
render tumor cells susceptible to the far less toxic substrate
5-fluorocytosine (5-FC) by its enzymatic conversion into
5-fluorouracil (5-FU). In vitro pre-treatment of Mel P5 and
LoVo cell lines with scFvE8:yCD followed by cell washing
and incubation with 5-FC, resulted in significant cell killing
supporting the utility of this fusion protein as an agent for
tumor-selective prodrug activation. This study shows the
feasibility of constructing fusion proteins in a prokaryotic
cell based system consisting of a human scFv antibody and
yCD to convert the antifungal agent 5-FC to 5-FU, one of
the widely used anticancer agent.

Introduction

MAbs directed against tumor-associated antigens have
long been the focus of investigation for their potential utility
for both the detection and treatment of human malignancies
(1). The ability of particular mAb to specifically localize in
tumor tissues in vivo offers a variety of therapeutic approaches
for cancer therapy (2). Natural effector functions such as
complement activation or antibody-dependent cellular cyto-
toxicity have been shown to mediate tumor cell destruction
in vitro (3), but mAb alone have not met with consistent
clinical success (4,5). Other approaches include chemically
conjugating drugs or toxins to mAb or genetically linking
sequences encoding toxins or biologically active domains to
F(ab')s or single chain fragment variable (scFvs) (6). These
approaches generally require distribution of the conjugate
throughout the tumor mass and efficient internalization of the
complex in order to be effective. Each of these requirements
has been shown to pose major limitations in the therapy of
solid tumors (7).

A promising approach for tumor therapy is to use the
antigen binding capability of an antibody to deliver
enzymatic activities to tumor tissues, which are then exploited
to convert relatively non-toxic prodrugs into more active
chemotherapeutic agents. This is a two-step approach in
which the antibody-enzyme complex is allowed to localize
and clear from the circulation prior to the systemic admini-
stration of the prodrug. Thus, the prodrug is converted to an
active chemotherapeutic agent by the enzyme which is
principally located in tumor tissue. Such an approach may
overcome the limitations described above, since the released
drug can migrate throughout the tumor mass and exert
activity on both the cells that have bound the enzyme
conjugate and those that have not. Thus, one should be able
to achieve a much higher concentration of drug within
tumor masses while minimizing the toxic effects of the drug
on non-target tissues. Several studies have now been reported
indicating the potential of this two-step approach to cancer
therapy (8).

Recently, we described the isolation and the affinity-
maturation by mutagenesis in vitro of a new anti-CEA single-
chain antibody fragment, scFvE8, from an ETH-2 synthetic
antibody library (9). This human antibody recognizes human
CEA protein in ELISA, Western blot and flow cytometry.
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Due to its particular capacity to recognize CEACAM1,
CEACAM3, and CEACAM5 shared epitope, scFvE8 re-
cognizes a large panel of tumors including melanoma, colon,
breast and lung carcinoma. It is particularly interesting that
scFvE8 shows no reactivity in various normal human cells,
including distinct classes of lymphocyte subpopulations and
neutrophils, as well as a broad panel of human organs (9).

The antimetabolite 5-fluorouracil (5-FU) (10) is one of
the most active chemotherapeutic agents for the treatment
of colorectal cancer, but it has limited efficacy due to gastro-
intestinal and hematological toxicities (11). High systemic
toxicity of 5-FU could be circumvented by introducing
gene and/or antibody-directed enzyme prodrug therapy
(GDEPT/ADEPT) relying on the ability of bacterial and/or
yeast cytosine deaminase (CD) enzyme to convert far less
toxic substrate 5-fluorocytosine (5-FC) to 5-FU.

In this study, we report the genetic construction and
expression of a fusion protein made of the scFvE8 linked
with the CD from yeast. The fusion scFvE8:yCD protein is
produced in Escherichia coli system. It has a specificity that
closely mimics the specificity of the parental human anti-
body scFvE8 and sensitizes CEA-positive cells to the cytosine
analog, 5-fluorocytosine (5-FC) due to the enzymatic
conversion of 5-FC to the toxic metabolite, 5-FU.

Materials and methods

Antibodies and reagents. Recombinant human carcino-
embryonic antigen (CEA) and recombinant glucose oxidase
(GO, EC1.1.3.4) from Aspergillus niger were purchased
from Sigma (St. Louis, MO). The scFvE8 anti CEA antibody
(9), the scFvGO anti GO antibody (12), and the scFv anti-
yCD antibody (Mallano, unpublished data) were isolated
from the same ETH-2 antibody phage library using an
identical biopanning procedure (13,14). 5-FC was purchased
from Sigma, 5-FU (Mayne Pharma, Naples, Italy) was kindly
provided by Dr A. Savarese, IRE, Rome, Italy.

Genetic engineered constructs. The scFvE8 heavy and light
chain variable regions were obtained by PCR amplification
of pDN332 (9). Oligonucleotide primers used in the PCR
were: CEASTU forward primer 5'-CGTTATTAAGGCC
TATGGCCGAGGTGCAGCTG-3' contains StuI restriction
enzyme sequence and 18-base pair (bp) sequence encoding
for the first 7 amino acids of scfvE8. LinCEA reverse primer
5'-TGAGCCGGAAGAGCTACTACCCGATGAGGAA
GAGCCTAGGACGGTCAGCTTGGT-3' contains 33 base
pair sequences encoding for the first 11 amino acids of linker
fragment (SSSSG)3, useful for joining yCD enzyme sequence,
and the sequence encoding for the last 7 amino acids of
scFvE8. The nucleotidic sequence of yCD was amplified by
PCR from cDNA inserted in pQE30Xa (Qiagen; Madison,
WI) with the primers: LinyCD forward 5'-GGTAGTAGC
TCTTCCGGCTCATCGTCCAGCGGCATGGTGACA
GGGGGAATGGCAA-3' encoding for the last 11 amino
acids of linker sequences and the first 7 amino acid sequence
of yCD. The ESyCD reverse primer 5'-ATCCGATATCGTC
GACCTCACCAATATCTTC-3' containing SalI restriction
enzyme sequence and the last part the sequence encoding for
yCD. Both PCR fragments amplified with Pwo enzyme

(Roche Diagnostics, IN, USA) were agarose-purified (High
Pure PCR Product Purification Kit, Roche Diagnostics).
Portion of the linker present in each PCR product has an
overlapping region necessary to assemble chimeric protein
by filling reaction (5-min denaturation and 10 cycles 1 min
94˚C, 4 min 65˚C). Final amplification was carried out with
primers CEASTU and EsyCD (Fig. 1) and the product was
agarose-purified, digested with restriction enzymes StuI and
SalI, and cloned into the plasmid pQE30Xa (Qiagen),
containing 6xHis tag sequence for protein purification. The
same procedures were carried out for the construction of an
irrelevant fusion protein made by the scFvGO, specific for
glucose oxidase (GO) from Aspergillus niger, genetically
linked with the gene encoding for yCD enzyme. All genetic
constructs were sequenced by Biofab Research, srl, (Rome,
Italy).

Expression and purification. Plasmid pQE30Xa scFvE8:yCD
and scFvE8:GO were transformed into the strain of E. coli,
TG1 [supE hsdΔ5 thi Δ(lac-proAB) F'(traD36 proAB+
lacIqlacZΔM15)], and the cultures were grown overnight in
2X TY broth containing 100 μg/ml-1 ampicillin and 1%
glucose in a 37˚C shaker. The culture was diluted 1:100 in
1 liter 2X TY broth lacking exogenous glucose and shaken at
37˚C. When the culture attained A600 = 0.5, isopropyl-ß-D-
thiogalactopyranoside (IPTG) (Sigma) was added to a final
concentration of 1 mM. Cells were harvested 3 h later. The
culture was centrifuged at 10,000 rpm for 20 min at 4˚C. The
fusion proteins were purified by affinity chromatography
on Ni-NTA resin (Qiagen), using native protocol according
to the manufacturer's instructions (The QIAexpressionist™).
Protein concentration was determined with Fernandez-Patron
method. yCD enzyme was obtained by induction of expression
of the encoding sequence inserted in pQE30Xa vector, in
TG1 E. coli. The proteins were purified by affinity chroma-
tography on Ni-NTA resin (Qiagen), as described above.

SDS-PAGE and Western blot analysis. Purified scFvE8:yCD
fusion protein was analyzed along with scFvE8 on 10%
SDS-PAGE gel under reducing conditions. Gel was either
stained with Fernandez-Patron method or transferred to
nitrocellulose membrane in 1X TG buffer (Bio-Rad, CA,
USA) with 20% methanol, for 90 min at 140 V. The
membrane was blocked in PBS 5% powdered-milk (M/PBS
5%) washed 3 times for 10 min in PBS and incubated for 2 h
with anti-polyhistidine mouse mAb in 2% M/PBS (#H 1029
Sigma-Aldrich, 1:1000), washed 3 times as above, and
incubated for l h in polyclonal goat anti-mouse HRP IgG
(#P0447, Dako, Denmark, 1:1000) in M/PBS 2%. After 3
washings in 2% M/PBS, the blot was developed with DAB
buffer, one tablet (10 mg) of 3,3'-diaminobenzidine (Sigma)
in 20 ml of PBS and 3 μl of hydrogen peroxide 30%, for
3 min. The reaction is stopped with H2O. ScfvE8:yCD was
also detected with the supernatant scFv specific for yCD
protein, developped in our laboratory. The anti-antiflag
Monoclonal antibody M2 (Sigma) was used as secondary
antibody at the final concentration of 2 μg/ml-1.

ELISA. Ninety-six-well ELISA plates (Nunc, Maxisorp,
Denmark) were coated overnight either with 50 μl/well of
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10 μg/ml-1 purified CEA or GO antigen in PBS. Next day a
blocking solution of 2% M/PBS was added, and after 2 h
the plates were washed with PBS. Then the plates were
incubated for 2 h at RT with 50 μl/well of 10 μg/ml-1 of both
fusion proteins and 50 μl/well of 5 μg/ml-1 of scFvE8 or
scFvGO. After 3 washes with PBS the wells were incubated
at RT with 50 μl mixture of antibodies composed of mouse
monoclonal anti-polyhistidine antibody (Cat No. H 1029
Sigma, 1:1000) and polyclonal goat anti-mouse HRP IgG
(Dako, 1:500) in M/PBS 2%, for 2 h. After 3 washes the
reaction was visualized using 3,31-5,51-tetramethyl-
benzidine (soluble BM blue POD substrate, Roche
Diagnostics) and read at 450 nm wavelength.

CEA binding specificity of the scFvE8:yCD. The specific
recognition of the cell surface CEA antigen by the scFvE8
and the fusion protein scFvE8:yCD was determined by
flow cytometry and Western blot analyses.

In the first study Mel P5 and LoVo cell lines in expo-
nential phase of growth were trypsinized (we verified that
CEA antigen is not sensitive to the enzymatic treatment),
collected, washed in PBS 1% BSA and pelletted. Cells
(2.5x105) were resuspended with 50 μl PBS, 1% BSA
containing 5 μg/ml-1 of scFvE8 or scFvE8:yCD primary
antibodies and incubated for 1 h at RT. After several
washings, cells were resuspended for 1 h at 4˚C in PBS,
containing an anti-mouse polyhistidine antibody (Sigma-
Aldrich, 1:1000). At the end of this procedure, the cells were
washed and incubated again with 6 μg/ml-1 of FITC-labelled
goat anti-mouse IgG (#31541, Pierce, Rockford, IL) for 30 min
at 4˚C. In a parallel experiment, an irrelevant human scFv
antibody directed to glucose oxidase (12) was used as negative
control. After staining, the cell samples were washed,
maintained at 4˚C and immediately analyzed by FACScan
(Becton-Dickinson and Co., Franklin Lakes, NJ) equipped
with 15 nW argon laser. Fluorescence compensation was
determined using samples stained with anti-glucose oxidase
scFv and goat FITC-conjugated anti-mouse secondary antibody.

In the second study, Mel P5 and LoVo cell lines were
harvested by trypsin (EuroClone, Milan, Italy), washed
with cold PBS, resuspended and homogenated in AKT
150 mM NaCl buffer, 20 mM Tris-HCl pH 7.4, 1% NP40,
10% glycerol, in presence of inhibitors proteases (#P8849,
Sigma Aldrich). After centrifugation at 13000 rpm for
15 min, the supernatant was harvested and the protein
total concentrations extimated with Bradford assay. Total
proteins (240 μg) were fractionated on 6.5% SDS-PAGE
under reducing conditions, transferred onto a nitrocellulose
membrane and blocked in 5% M/PBS. After washing in
PBS with 0.05% Tween-20 (T/PBS), the membrane was
incubated with 10 μg/ml-1 of scFvE8 or scFvE8:yCD fusion
protein in 2% M/PBS for 1 h, washed in T/PBS, and incubed
for 1 h with the mouse mAb anti-polyhistidine antibody
(Sigma-Aldrich) in M/PBS 2%. After washing in T/PBS,
specific binding of scFvE8 or scFvE8:yCD was revealed
with anti-mouse HRP IgG (Dako, 1:500) using ECL kit
(Pierce, Rockford, IL).

Functional assays of the scFvE8:yCD on cells. The ability
of the scFvE8:yCD fusion protein to convert far less toxic

substrate 5-fluorocytosine (5-FC) to 5-FU was tested in two
different investigations using a cell-based system. The cells
used are Mel P5 derived from a human primary melanoma
(15) and the human colon adenocarcinoma LoVo cells.
Both cell lines were maintained in a basic medium (BM)
constituted by RPMI-1640 (EuroClone) supplemented with
10% fetal bovine serum (EuroClone) and 1% penicillin-
streptomycin in humidified atmosphere with 5% CO2 at
37˚C.

In the first assay, Mel P5 and LoVo cells were seeded
into 96-well microtiter plates (Corning Cable Systems srl,
Turin, Italy) at 2500 cells/well in BM containing 3 μg/ml-1

of scFvE8:yCD and different concentrations of 5-FC. The
plates were incubated at 37˚C for 4 days and cell viability
extimated by WST-1 assay (Takara, VinciBiochem, Vinci,
Florence, Italy). In the second assay Mel P5 and LoVo cells
were seeded as above and allowed to adhere overnight.
Then, medium was removed and a fresh BM containing
10 μg/ml-1 of scFvE8:yCD was added. After 4-h incubation,
the medum was changed and a fresh BM containing different
concentrations of 5-FC, was added. Cell viability was deter-
mined after 4-day culture using WST-1 Takara assay.

Different concentrations of 5-FC and 5-FU alone were
used respectively as positive and negative controls of cell
vitality. yCD enzyme alone was not as cytotoxic as
scFvE8:yCD alone (data not shown). Results are the mean
of triplicate samples.

Results

Genetic engineering of the scFv antibodies for ADEPT. To
drive the enzymatic activity of yCD to CEA-expressing tumor
cells a fusion protein was genetically engineered using
the cDNA derived from CEA-specific antibody scFvE8
previously described (9). As control for ADEPT studies an
irrelevant fusion protein composed by glucose oxidase
(GO) specific scFv antibody (12), and yCD was genetically
constructed. Antigen GO from Aspergillus niger is not
present in mammalian cells. The cDNA corresponding to the
open reading frame of yCD (16) was appended to the 3' end
of the cDNA encoding for the antibodies scFvE8 or scFvGO
by a linker of 45 bp (SSSSG)3. The cDNA constructs were
cloned into the pQE30Xa (Qiagen), containing 6xHis tag
sequence for protein purification (Fig. 1A). PCR bands of the
genetic constructs corresponding to 1300 bp, obtained after
fill-in procedures are shown in Fig. 1B. The clones isolated
after trasformation of TG1 E. coli bacterial strain, were
characterized under genetic-molecular aspect. The complete
amino acid sequence of the genetic constructs scFvE8:yCD
and scFvGO:yCD were shown in Fig. 2.

The fusion proteins scFvE8:yCD and scFvGO:yCD were
purified from the pellet of TG1 strain E. coli by affinity
chromatography. The yield was about 150 μg/ml-1 for each
fusion protein. The expected 45 to 50-kDa size of the
scFvE8:yCD and scFvGO:yCD constructs was confirmed by
Western blot studies using an anti-polyhistidine antibody
to detect the fusion proteins after SDS-PAGE migration
(Fig. 1C).

In order to assess the exact expression of the yCD
moiety of the scFvE8:yCD construct, the fusion protein
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was biochemically investigated by an antibody specific for
yCD in scFv format. As shown in Fig. 1D, the anti-yCD

antibody, reacts with yCD (lane 1) and scFvE8:yCD (lane 2)
at the expected migration in SDS-PAGE and corresponds
to 18-20 kDa (MW of yCD) or 45-50 kDa (MW of
scFvE8:yCD). The same antibody does not react with GO
irrelevant antigen (lane 3).

The antigen specificity of the engineered fusion proteins.
Flow cytometry, immunobiochemical and ELISA investi-
gations were performed in order to assess the specific antigen
recognition of the engineered scFvE8:yCD. When tested in
flow cytometry the scFvE8:yCD showed weaker binding
profiles on Mel P5 and LoVo cells in comparison with the
original scFvE8 antibody (Fig. 3A). This difference in the
antigen recognition may be due to an alterated His-tag
exposure in the fusion protein. To this regard, we observed a
lower binding level of the original scFvE8 on CEA-
expressing cells when the scFvE8 reactivity was detected
with an anti-polyhistidine secondary antibody in comparison
with an anti-FLAG-tag secondary antibody (data not shown).

Further, ELISA studies summarized in Table I demon-
strate that the specific binding activity of the scFvE8:yCD
is retained to a degree comparable to the parental scFvE8
and that the DNA recombinant procedures utilized it gave
effective fusion protein. In fact, scFvE8:yCD was very
effective in the recognition of CEA specific antigen either in
cellular total extract or in the purified recombinant protein
(Fig. 3B). It is noteworthy that the high staining of Mel P5
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Figure 1. Schematic representation of the engineered scFvE8:yCD fusion protein. (A) The genes encoding for the human scFv antibody to CEA (E8)
and cytosine deaminase from yeast (yCD) were assembled by a (SSSSG)3 linker, inserted in the prokaryotic vector pQE30Xa and expressed in TG1 strain
of E. coli to form a bifunctional protein. (B) The PCR-DNA fragments corresponding to the expected 1250 bases pair encoding for scFvE8:yCD and the
irrelevant fusion protein scFvGO:yCD are shown. (C) The result of Western blot analysis of the purified fusion proteins scFvE8:yCD (lane 1) and
scFvGO:yCD (lane 2). The 50 kDa-His tagged fusion proteins were detected with an anti-polyhistidine secondary antibody as described in the text. (D) The
scFvE8.yCD protein was detected by Western blot as a band of approximately 50 kDa with an anti-yCD antibody (in scFv format).

Figure 2. Amino acid sequences. The complete amino acid sequences in a
single letter code of the scFvE8:yCD and the scFvGO:yCD fusion proteins
are shown. CDR1, CDR2, CDR3 are underlined.
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lysates in Western blot corresponds with the high reactivity of
the scFvE8 antibody on melanoma cells (9).

Functional assay of the scFvE8:yCD. ScFvE8:yCD fusion
protein was evaluated for the ability to control tumor cell
growth of CEA-expressing cells by converting the anti-
fungal agent 5-FC to the highly toxic 5-FU. Cell sensitivity
to 5-FC, 5-FU, and selective cytotoxic effect mediated by
ScFvE8:yCD in the presence of 5-FC was assessed on
tumor cells Mel P5 and LoVo in vitro. These cell lines were

cultured in BM for 4 days containing either 3 μg/ml-1 of
scFvE8:yCD or 1.5 μg/ml-1 of yCD and different concen-
trations of 5-FC (Fig. 4). Cell cytotoxicity evaluated by
WST-1 assay shows that scFvE8:yCD and yCD exert a
similar cell growth inhibition in the presence of 100 μg/ml-1

of 5-FC while no effect was observed either in presence
of 5-FC (100 μg/ml-1) or scFvE8:yCD fusion protein or
yCD alone. When LoVo and Mel P5 cell lines, were pre-
incubated with scFvE8:yCD at 10 μg/ml-1 for 4 h, washed
and then cultured for 4 days with BM containing different
concentrations of 5-FC, we observed that pre-treatment
with scFvE8-yCD significantly inhibited cell growth in
comparison with the same treatment in the presence of
irrelevant scFvGO:yCD fusion protein (Fig. 5).

The above observation it is of particular interest since the
growth inhibition exerted by scFvE8-yCD in the presence
of 5-FC depends on the specific binding of the fusion
protein on CEA-expressing cells and the subsequent
conversion of 5-FC to 5-FU at the tumor cell level.

Discussion

Previous studies have demonstrated that significant in vitro
and in vivo activities can be obtained using mAb-yCD
conjugates to convert 5-FC into the antitumor agent 5-FU
(17,18). In several studies mAb-enzyme fusion protein was
prepared using chemical cross-linking reagents that react
with amino acid side chains on each individual protein of
the conjugates (8). In general, the utilization of chemical
procedures that has been largely applied for ADEPT resulted
in reagents having an inherent lack of specificity. The
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Figure 3. Specificity of the scFvE8:yCD fusion protein. (A) The flow
cytometry profiles representing the binding level of the scFvE8:yCD (red
line), the irrelevant scFvGO:yCD (black line) and the parental scFvE8
(green line) on living intact/LoVo and Mel P5 cell lines are shown. (B)
Total extracts from LoVo and Mel P5 cell lines were run on SDS-PAGE in
parallel with CEA and GO. After incubation with scFvE8:yCD or
scFvGO:yCD the specific reactivity was revealed by an anti-polyhistidine
secondary antibody. Both fusion proteins retain the binding specificity
for respective antigens.

Table I. Specificity of the scFv antibodies and fusion proteins
by ELISA.
–––––––––––––––––––––––––––––––––––––––––––––––––
scFv antibodiesa Antigensb

–––––––––––––––––––––––––––––––––––––––––––––––––
CEA GO yCD scFvE8:yCD

–––––––––––––––––––––––––––––––––––––––––––––––––
scFvE8 +++c - ND ND

scFvE8:yCD ++ - ND ND

scFvGO - +++ ND ND

scFvGO:yCD - +++ ND ND

scFv anti-yCD ND ND +++ ++
–––––––––––––––––––––––––––––––––––––––––––––––––
aThe scFv antibodies isolated by bio-panning and derivated fusion
proteins are the following: scFvE8 and scFvE8:yCD are specific
for CEA; scFvGO and scFvGO:yCD are specific for GO; scFvyCD,
is specific for yCD. bCEA and GO are purified proteins; yCD is
expressed and purified as described in the text. cELISA signals are
indicated: -, for equal or low background; ++ or +++, more than three
and four times the background, respectively. ND, not determined.
–––––––––––––––––––––––––––––––––––––––––––––––––

Figure 4. Functional assay of the scFvE8:yCD fusion protein. Cell
sensitivity to 5-FC, 5-FU, and the selective cytotoxic effect mediated by
ScFvE8:yCD was assessed on tumor cells Mel P5 and LoVo. Antifungal
agent 5-FC was converted to the highly toxic 5-FU by scFvE8:yCD or free
yCD. The cell lines were seeded (2500 cell/well) and cultured in BM for
4 days containing either 3 μg/ml-1 of scFvE8:yCD or 1.5 μg/ml-1 of yCD
(identical molar concentration for free yCD and yCD fused with scFvE8) in
presence of the indicated concentrations of 5-FC. Cell cytotoxicity was
evaluated by WST-1 assay and calculated as a percentage of survived cells.
Values are reported as the mean of triplicate samples. The bars indicate SD.
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resulting conjugates are composed of highly complex
mixture with various degrees of binding and enzymatic
activities (8). Differently, recombinant DNA technologies
offer the opportunity to design and produce well defined
molecules with bifunctional activities (4,19). Human
monoclonal scFvs derived from phage display antibody
library (20) afford the opportunity of developing
recombinant molecules maintaining the antigen-binding
characteristics of the scFv parental antibody together with
the competence of the desired enzyme (21). Such scFv
antibodies have been shown to offer advantages over whole
antibody with respect to tumor penetration and clearance
from the circulation (19). Furthermore, it is possible to fuse
genetically such scFv to sequences encoding other functional
domains, providing molecules with multiple activities with
minimal size (22,23). Another advantage of genetically
engineering scFv molecules of minimal complexity is that such
fusion proteins can be produced using prokaryotic expression
systems which grow rapidly and inexpensively (19).

Recombinant fusion protein for ADEPT based on the
humanization of rabbit gene encoding for scFv but retaining
the rodent CDRs (24) and catalytic activity of the monomer
of yCD has been already described (25). In the present study,
we show that a fully human scFv (scFvE8) to CEA was
genetically combined with yCD, expressed in E. coli system
and readily purified in native conditions by cell lysates;
once recovered the fusion protein maintains the functional
activities of both the respective parental molecules.

Fig. 3 and Table I show that CEA is identically
recognized by scFvE8 and scFvE8:yCD both in ELISA
and Western blot analysis. In contrast, flow cytometry

investigation shows a decrease in the binding level of
scFvE8:yCD in comparison with scFvE8. This difference in
the CEA recognition on the cell surface of living/intact cells
may be due for technical reasons. These may include a
different His tag exposure in chimeric proteins in comparison
with scFv.

Nonetheless, the data reported in Fig. 3 and in Table I
demonstrate that the parental and the conjugated scFvE8 to
CEA possess similar specificity. Thus, none of the genetic
manipulation appears to have impacted its target antigen
specificity.

We demonstrated that the simultaneous presence of
scFvE8:yCD and 5-FC generated a toxic effect, resulting in
increase in the 5-FC sensitivity of human cancer Mel P5
and LoVo cells in vitro compared with the incubation of
scFvE8yCD and 5-FC alone. In addition we observed that
fusion protein maintained similar toxicity of yCD in the
presence of 5-FC. Further, pre-incubation of Mel P5 and
LoVo cells with scFvE8:yCD followed by cell washing and
4-day exposure to 5-FC resulted in a cell growth inhibition
when compared with the same treatment in the presence of
irrelevant scFvGO:yCD fusion protein (Fig. 5).

The yCD monomer of the fusion scFvE8:yCD is correctly
expressed in the E. coli system since the specific monoclonal
antibody to yCD recognizes the enzyme both in Western
blotting and ELISA studies (Mallano, unpublished data).

When scFvE8:yCD fusion protein showed effective dual
function, either its monomer has catalytic activity, or it can
form dimers in solution or after antigen binding. While the
homoexameric and dimeric structures of CD from bacteria
and yeast respectively, supports monomer activity (26), both
above hypotheses would explain the lower catalytic activity
of scFvE8:yCD alone. The data here reported and discussed
indicate that this new scFvE8:yCD fusion protein meets
several criteria for a potential anticancer compound: i) the
scFv antibody is fully human thus substantially reducing the
immunogenicity of the dual construct; ii) the low molecular
weight (50 kDa) of the scFvE8:yCD may have favourable
diffusion characteristics in solid tumors (7); and iii) it binds
selectively and with good affinity to a CEA epitope shared
by CEACAM1, CEACAM3 and CEACAM5 isoforms which
is expressed on several malignancies including melanoma
(27). This CEA epitope is a particularly attractive target for
immunotherapeutic purposes because of its expression profile
in solid tumor. In fact this epitope has low or absent
expression in normal adult tissues and in various normal
human cells, including distinct classes of lymphocyte sub-
populations and neutrophils (9). 

In conclusion, we have described a novel fusion protein,
scFvE8:yCD, based on the human scFvE8 to CEA and yCD
enzyme relying on the ability to convert far less toxic
substrate 5-FC (currently administrates during chemotherapy
to combat opportunistic infections) to 5-FU (28). Future
studies will determine the ability of this molecule to localize
in tumors and activate prodrug in vivo.
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Figure 5. Cell specificity of the 5-FC activation driven by the antibody of
fusion protein. The in vitro cytotoxic effect of the prodrug 5-FC on Mel P5
and LoVo cells was evaluated by pre-incubating the cells (2000 cells/well)
with either scFvE8:yCD or scFvGO:yCD for 4 h. After washing the cells
were cultured for 4 days in BM and different concentration of 5-FC. Anti-
body binding dependent cell cytotoxicity, was evaluated by WST-1 assay
and calculated as a percentage of survived cells. Values are reported as the
mean of triplicate samples. The bars indicate SD.
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