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Background

One of the limitations of all current thera-
pies is a problem well-known to clinical
oncologists: although an efficient agent for
therapy is available, the specific distribution
from the peripheral blood circulation to the
malignant lesion is hardly selective. As a con-
sequence, only a small percent of the adminis-
tered dose distributes into the tumor, whereas
the remaining drug causes unwanted side ef-
fects. One of the possible approaches to en-
hance the specificity of tumor therapy is gene
therapy based on suicide genes exploiting tu-
mor specific activation mechanisms [1].
Moreover, this approach may also be a valid
alternative therapeutic strategy to overcome
drug resistance by activation of atoxic com-
pounds to cytotoxic agents.

Study aim

Aim of this project was the in vitro evalua-
tion of tumor specific suicide systems ex-
ploiting tumor selective gene therapy tech-
niques in a chemoresistant colon cancer
model in vitro.

Methods

Adenoviral cosmids driving the suicide
gene cytosine deaminase were generated to
convert the prodrug 5-fluorocytosine (5-FC)
to the toxic compound 5-fluorouracil (5-FU).
To ensure specificity of drug activation, cyto-
sine deaminase was selectively expressed and
enhanced intracellularly under the control of
the tumor associated promoters CEAand H19
[2, 3] after recombination via Cre/loxP-se-
quences in trans, thus preventing the unwanted
expression of cytosine deaminase in normal
cells. To achieve this, suicide plasmids were
generated in E. coli using pIRESneo2 (Clon-
tech) and subsequently transferred to the
adenoviral cosmid pAxcw (RIKEN). After

packing with �-bacteriophages (Promega),
cosmid DNA was isolated and transfected
with the COS-TPC method in the cell line 293
as feeder cell line to obtain high-titre adeno-
viral cosmids for experimental purposes. Af-
ter multiplication, isolation and control of the
cosmids, the colon cells CCL227 and the re-
sistant subclones were transfected using dif-
ferent viral titers and incubation periods. The
activation of the Cre/loxP-system was then
achieved in trans by co-infection of Cre
recombinase (under the control of the pro-
moters of CEA or H19) concomitantly with
the suicide gene cytosine deaminase under
control of the very strong CAG promoter [4].
Control plasmids were investigated in paral-
lel as positive and negative controls.

To establish dose-response curves, trans-
fected cells were incubated with 5-FC (4 – 7
days), which was converted intracellularly to
5-FU by selective expression of the enzyme
cytosine deaminase. In these experiments,
HeLa cells (CCL-2) devoid of CEA expres-
sion were used as negative controls.

The cytotoxic effect of 5-FC was assessed
in a primary adenocarcinoma of the colon, its
lymph node metastasis, and different chemo-
resistant subclones in vitro, which has previ-
ously been described in detail [5, 6]

Results

A prodrug activation of near 100%, was
observed in vitro with constitutive suicide
gene expression compared with the parent
drug 5-FU. After cell specific conversion of
5-FC to 5-FU by CEA or H19-driven suicide
systems, these results were attenuated indi-
cating a strong dependence on the promoter
activity in our cellular system. Chemo-
resistance was partially circumvented, partic-
ularly in the low and intermediate resistance
phenotypes. Although H19 was expressed to
a lesser degree in some normal cells, the effi-
ciency obtained by H19-driven suicide sys-
tems was half of that of the parent drug 5-FU,
but was remarkably higher when compared
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with the constitutive activation of 5-FC via a
control cosmid, where IC50 < 10.000 µM
were often observed (Figure 1). These figures
were further increased at higher viral titers
(2 vs. 5 MOI) with the best results obtained in
the low resistance phenotype (CCL227 con-
tinuously exposed to 5 µM FU). As all our re-
sistant subclones were generated by continu-
ous exposure to FU in order to mimic an
acquired drug resistance phenotype, the
results obtained reflect a difficult setting
similar to clinical progression under therapy.

Conclusion

Besides the feasibility of the chosen ap-
proach, these data indicate the constraints of
the infection system. Due to the non-specific
toxicity of adenoviruses, optimal virus titers
around 200 – 300 MOI can hardly be
achieved with the actual adenoviral systems,
as titers above 50 MOI showed overt toxicity
in our model. When available, gene delivery
systems with a 10-fold lower intrinsic toxicity
would be an excellent opportunity for further
translation of tumor specific suicide systems
for clinical applications. The data obtained
with the H19 promoter clearly indicate that
intracellular amplification of the signals gen-
erated via H19-driven suicide cosmids are su-
perior to constitutive and linear activation of
5-FC by a factor up to 10, particularly in the
low resistance phenotype.
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Figure 1. Amplification of cytotoxicity achieved by

using a selective H19 promoter to convert FC to FU

intracellularly. IC50 < 10,000 µM was capped in the

graph; MOI = Multiplicity of infection. Cell lines used

were generated from naïve CCL227 by continuous

exposure to FU at increasing concentrations (ac-

quired drug resistance phenotype).


