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Abstract .  Feasibility of gene therapy for hepatoma based upon hepatoma-cell specific
expression of the herpes simplex virus thymidine kinase (HSV-#£) gene was investigated.
Alb e/p-pNT 230 retroviruses, which contain the HSV-# gene under the transcriptional
control of the murine albumin gene enhancer and promoter, were produced from ecotropic
Psi 2 retroviral packaging cells. Infection of Alb e/p-pNT 230 retroviruses to hepatoma
cells did not affect the cell proliferation at all. The retroviral-infected hepatoma cells,
however, were susceptible to ganciclovir and acyclovir toxicity, while uninfected parental
hepatoma cells were not. Ganciclovir was proven to exhibit much stroner cytotoxicity upon
the retroviral-infected hepatoma cells than acyclovir. On the other hand, Alb e/p-pNT 230
retroviral-infected non-hepatoma cells were resistant to ganciclovir, and the sensitivity
was more than 100-fold different as compared with the same retroviral-infected hepatoma
cells, indicating the potential of hepatoma cell-specific elimination without affecting any
other tissues by use of Alb e/p-pNT 230 retroviruses. Furthermore, when mice bearing a
bulky established tumor consisting of Alb e/p-pNT 230 retroviral-infected hepatoma cells
were treated with ganciclovir, complete tumor regression was observed in 11 of 14 mice.
These results indicate the feasibility of gene therapy for heptoma using the HSV-# and
ganciclovir system. Finally, 3 ganciclovir-resistant clones were established from 3 tumors
that were not abrogated by ganciclovir treatment. These clones were proven not to lose the
HSV-t& gene transferred by Alb e/p-pNT 230 retroviruses. The gene was, however,
heavily methylated, and 5-azacytidine treatment partially restored the sensitivity of these
3 clones to ganciclovir, indicating that methylation plays an essential role in expression of
the retrovirally transferred gene.
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Fig. 1. Schematic drawing of the construction of the Alb e/p-pNT 230 retroviral
vector.
Abbreviations used are as follows : LTR, long terminal repeat ; neo, neomycin

phosphotransferase ; MPT, metallothionein promoter ; HSV-TK, herpes sim-

plex virus thymidine kinase ; Alb e/p, albumin enhancer and promoter region.
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Fig. 2. Structure of the Alb e/p-pNT 230 retroviral vector.
Abbreviations used are as follows : LTR, long terminal repeat ;
neo, neomycin phosphotransferase ; Alb e/p, albumin enhancer
and promoter region ; HSV-t%, herpes simplex virus thymidine

kinase.
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Fig. 3. Growth curve for Alb e/p-pNT 230

retroviral-infected and uninfected murine
hepatoma cells (A) and rat hepatoma cells
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Fig. 4. Ganciclovir sensitivity of Alb e/p-pNT 230
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hepatoma cells (A) and rat hepatoma cells
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Fig. 5. Acyclovir sensitivity of Alb e¢/p-pNT 230
retroviral-infected and uninfected murine
hepatoma cells (A) and rat hepatoma cells
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Fig. 7. Ganciclovir treatment for established wild

type hepatomas (A) and Alb e¢/p-pNT 230
retroviral-infected hepatomas (B, C).
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Fig. 9. Ganciclovir sensitivity of BNL-Refractory A, B, C cells, paren-
tal hepatoma cells and Alb e/p-pNT 230 retroviral-infected

hepatoma cells.
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hepatoma cells.

Fig. 11. Southern blot analysis of cellular genomic

DNA digested by Bgl II restriction
enzyme.

Lane 1, Alb ¢/p-pNT 230 retroviral plas-
mid ; lane 2, parental hepatoma cell ; lane
3, BNL-Refractory A; lane 4, BNL
-Refractory B; lane 5, BNL-Refractory
C; lane 6, Alb e/p-pNT 230 retroviral
-infected hepatoma cell.
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Fig. 12. Southern blot analysis of cellular genomic

DNA digested by both Bgl II and Sma I
restriction enzymes.

Lane 1, parental hepatoma cell ; lane 2,
BNL-Refractory A ; lane 3, BNL-Refrac-
tory B ;lane 4, BNL-Refractory C;lane 5,
Alb e/p-pNT 230 retroviral-infected he-
patoma cell.
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A F AL B FHET B 5-azacytidine DFEi1z X v, BNL-
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7= (Fig. 13).
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Fig. 13. Ganciclovir sensitivity after 5-azacytidine treatment of
BNL-Refractory A, B, C cells, parental hepatoma cells and
Alb e/p-pNT 230 retroviral-infected hepatoma cells.
The symbol“ * ” represents that values of BNL-Refractory A,
B, C cells are significantly different from that of parental
hepatoma cells at p<0.01 by Student’s ¢ test.
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