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Antitumor Effect of an Adenoviral Cytosine Deaminase/Thymidine Kinase
Fusion Gene in C6 Glioma Cells

Young Woo Kim, M.D., Jaec Young Choi, M.D., Jin Woo Chang, M.D., Ph.D.,
Yong Gou Park, M.D., Ph.D., Sang Sup Chung, M.D., Ph.D.

Department of Neurosurgery, Yonsei University College of Medicine, Seoul, Korea

of the herpes simplex virus Type 1 thymidine kinase(TK) gene and the Escherichia coli cytosine deaminase(CD)
gene, via a recombinant adenoviral vector and ganciclovir(GCV) and/or 5—fluorocytosine(5—FC) treatment, in
C6 glioma cells.

Methods0 Efficient gene transfer and transduction of C6 glioma cells via a recombinant adenovirus were evaluated
by infecting cells with adenovirus bearing the B —galactosidase gene and then staining cells with 5—bromo—4—chloro—
3—indolyl-13—-D—galactoside. CD/TK expression in cells infected with adenovirus bearing the CD/TK gene(ad—
CD/TK) was examined by immunoblotting analysis. For in vitro cytotoxicity experiments, the cells were infected with
ad—CD/TK or ad—A E1(as a control). After addition of a variety of concentrations of GCV and 5—FU, either separately
or in combination, cell viability was determined by staining the cells with crystal violet solution 6 days after infection.

Result[] C6 glioma cells were efficiently transduced with recombinant adenoviral vector at multiplicities of infection
of 200 or more. In vitro cytotoxicity of GCV and/or 5—FC, either alone or in combination, was exclusively observed in
the cells transduced with ad—CD/TK. Obvious cytotoxicity(>50% inhibition) was observed in the presence of 5—FC at
concentrations greater than 30ug/ml or GCV at concentrations greater than 0.3ug/ml at a multiplicity of infection of
100. Additionally, cytotoxicity in the presence of both GCV and 5—FC was greater than that after sinlge—prodrug
treatments, indicating additive effects of the prodrug treatments.

Conclusion[] The administration of a double—suicide gene/prodrug therapy might have great potential in the treat-
ment of brain tumors.

O bjective[] We investigated the feasibility of a double suicide gene/prodrug therapy, involving direct introduction
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Fig. 1. The fransduction efficiency
of recombinant adenovirus ion Cé
glioma cells. Transduction efficien-
4 Cy was determined by examining
gmy cxpression of B -galactosidase
(Lac?) after infecting the cells with
ad-B -galactosidase. Dark staining
represented successful B -galac-
tosidase gene expression in the
cells. The expression of B -galac-
tosidase in cultured Cé glioma
8 cells. The cells were infected with
ad-B -galactosidase at MOI of 100,
200 or 500 and then stained with
X-gal. Two days post-infection.
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Fig. 2. The expression of CD/TK in Cé glioma or 293 cells. The
cells were infected with ad-CD/TK at designated MOIs and
the equal amount of proteins was subjected to 6% SDS-PAGE.
The CD/TK fusion proteins were visualized by immunoblotting
analysis with monoclonal antfibody to TK. The position of fusion
protein CD/TK was indicated by arrow.
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Fig. 3. In vitro cytotfoxicity of ad-CD/TK combined with GCV or 5-FC treatment in Cé glioma cells. The cells infected with ad-CD/TK
were exposed to GCV or 5-FC alone or in combined treatments after plating into 96 wells. The cell survival rate was determined
by crystal violet staining Six days after infection. The mean values of at least three independent experiments are represented and
standard errors are represented by error bars. Al Sensitivity to GCV of the cells transduced with ad-CD/TK. The cells were
infected with ad-CD/TK at MOI of 100(0 ) or 200(0 ). As a control group, the cells were mock-infected(O ) or infected with ad-A
E1 at MOI of 200(m ). BO Sensitivity to 5-FC of the cells fransduced with ad-CD/TK. The data were represented as Fig. 3A.
CO Additive effect of GCV and 5-FC treatment. The cells were treated with 5-FC of 10g/mI([), GCV of 0.1g/mlI([J) or both(H)
after transduction with ad-A E1 or ad-CD/TK at MOI of 100(left)or 200(Right)
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