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Abstract . Because it appears impossible to transfer a suicide gene to all the cells of
. a cancer, existence of a bystander effect caused by a suicide gene and prodrug system is
critical to achieve effective antitumor effects. In the present study, possible mechanisms of
the bystander effect caused by the herpes simplex virus thymidine kinase (HSV-#) gene
and ganciclovir (GCV) have been investigated not only # vitro but also % vivo. Murine
and rat hepatocellular carcinoma (HCC) cells were retrovirally transduced with the HSV
-tk gene. HSV-tk-transduced HCC cells were shown to be profoundly more sensitive to
GCV compared to parental cells. HSV-7#%-transduced cells exhibited marked cytotoxicity
on parental cells in the presence of GCV. This i vifro bystander effect was shown to be
substantially dependent on cell-to-cell contact. To investigate the i vivo bystander effect,
parental HCC cells were mixed with HSV-#-transduced counterparts and inoculated
subcutaneously into syngeneic mice. When systemic GCV treatment was initiated 3 days
after the inoculation, profound antitumor effects on preestablished tumors were observed,
resulting in significant inhibition of tumor formation when only 5 % of the inoculated cells
were HSV-#k-transduced ones. Importantly, animals that did not develop tumors resisted
subsequent rechallenge with parental HCC cells, indicating that tumor immunity was
induced by the HSV-#/GCV system. Furthermore, when GCV treatment was initiated
after mice developed subcutaneous HCC tumors, profound antitumor effects were observed
even on established tumors. When subcutaneous HCC tumors contained only 10 % of HSV
-tk-transduced cells, significant tumor eradication was induced by GCV treatment. Impor-
tantly, when animals with subcutaneously established HCC were given an intratumoral
infusion of retroviruses carrying the HSV-#& gene followed by GCV treatment, significant
tumor regression and prolonged survival period were achieved. These results indicate that
the HSV-#/GCV system can induce potent antitumor effects i vivo by eliciting the host’
s tumor immunity. (EEEiE. J. Nara Med. Ass. 49, 334~348, 1998)
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Fig. 1. Structure of the Alb e/p-pNT230 retroviral vector.
This recombinant retroviral vector contains the neomycin phosphotransferase (#eo)
gene, which confers G418 resistance on transfected cells, the murine albumin enhancer
and promoter (Alb e/p) fragment, as an internal promoter, and the HSV-t% gene
within two Moloney murine leukemia virus long terminal repeats (LTRs).
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Fig. 2. Microscopic appearance of cultured cells.
Mixtures of HSV-#%-transduced and untrans-
duced cells were plated at a density of 2X10*
cells/cm? at which most cells were in contact
with one another (A) or at a density of 1X10°
cells/cm? at which none of the cells were in
contact (B). (Original magnification X 150.)
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Fig. 3. Sensitivity of HSV-#&-transduced HCC cells to GCV.

BNL-# cells (A) and JTC-# cells (B), as well as the corresponding parental cells,
were plated with various concentrations of GCV. After a 3-day incubation, cell
survival ratio was determined by MTT assay. Each data point represents the mean
+SD of 4 separate experiments. The symbols “*”, “**” and “***” indicate that the
survival rate of HSV-#-transduced HCC cells was significantly different compared
with that of the corresponding parental HCC cells at »<0.001, 0.001<p<0.01 and
0.01<p<0.05, respectively, by Student’s ¢-test.
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Fig. 4. Bystander effect in a high cell population.
BNL-# cells (A) and JTC-tk cells (B) were cocultured with the corresponding
parental cells at varying ratios. Mixtures of cells were seeded at a density of 2X10*
cells/cm? in the presence of 10 M GCV. After a 3-day incubation, survival rates of
parental HCC cells were estimated. Each bar represents the mean+SD of four
separate experiments. The symbol “*” indicates that survival rate is significantly
different compared with that without HSV-#k-transduced cells at »<0.001 by Stu-

dent’s ¢-test.
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Fig. 5. Bystander effect in a sparse cell population.

BNL-#% cells (A) and JTC-tk cells (B) were cocultured with the corresponding
parental cells at varying ratios. Mixtures of cells were seeded at a density of 1X10?
cells/cm? in the presence of 10 uM GCV. After a 3-day incubation, survival rates of
parental cells were estimated. Each bar represents the mean=SD of four separate
experiments. The symbols “*” and “**” indicate that survival rate is significantly
different compared with that without HSV-#k-transduced cells at » <0.001 and 0.001
<p<0.05, respectively by Student’s f-test.
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Fig. 6. Cytotoxicity of media conditioned by HSV-t%.-transduced cells and

Table 1. Cytotoxicity of cell lysate

GCV.

BNL-# cells were cultured with or without 10 M GCV. Conditioned
media were harvested after 24 hours’, 48 hours’ and 72 hours’ culture,
passed through a 0.22-um filter, and then added to cultures of paren-
tal HCC cells at a 50% concentration. After a 2-day incubation,
cytotoxicity of the conditioned media on parental célls was examined.
Cytotoxicity was estimated by comparing the number of live cells
cultured in conditioned media with that cultured in normal media.
The open bars and diagonally striped bars represent cell survival rates
by addition of media conditioned without and with GCV, respectively.
Values are means=+SD of four separate experiments. The symbol “*”
indicates that the values are significantly different between the groups
at »<0.001 by Student’s ¢-test.
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Table 2. Inhibition of tumor formation by HSV-#2/

GCV system- 1

Lysed cells Survival rates of parental cells (%)® s Inoculafed Cellf Tumor_incidence 8
GOV (0 GCV (5 arental cells © BNL-#k cells GCV (=) GCV (+)

Parental cells 99+6 95+6 lgg : 22 Z;g 838; f;g Elgg*
BNL~# cells 94£9 9TET 50 50 8/8 (1000 0/9 ( O*
2Results are expressed as means+SD 25 75 8/8 (100) 1/8 ( 13)*
0 100 8/8 (100)  0/8 C 0)*

*Tumor incidence is significantly less compared to the
control at »<0.01 using x? test.



(342) %

Table 3. Inhibition of tumor formation by HSV-#&/
GCV system-1I1

Inoculated cells

Tumor incidence (%)

Parental cells : BNL-t2 cells GCV (=) GCV (+)
98 : 2 8/8 (100) 6/9 (67
95 . 5 8/8 (100) 3/8 (38)**
90 : 10 8/8 (100) 1/8 (13)*
85 . 15 8/8 (100D 0/8 C 0)*

* **Tumor incidence is significantly less compared to
the control at »<0.01 and 0.01<p <0.05, respectively,
using x? test.
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60 : 40 8/10 (80>* 50 : 50 0/9 CO 9/9 (100>
*Tumor eradication is significantly higher compared 25 7% 3/7 (43 4/4 (100)
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Fig. 7. Antitumor effect on established HCC tumors.

Syngeneic mice were inoculated subcutaneously with 2X10¢ HCC cells
suspended in 100 I of PBS. When mice developed established HCC
tumors with a diameter of >5mm, they were given an intratumoral
injection of PBS (O, n=8) or 1x10® CFU of HSV-tk-carrying
retroviruses ((J, n=8). Two days after the injection, animals were
administered intraperitoneally with GCV (50 mg/kg/day) daily for 14
consecutive days. Each data point represents the mean-+SD.
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Fig. 8. Survival rate of mice.

On day 1, mice bearing established subcutane-
ous HCC tumors with a diameter of >5mm
were given an intratumoral injection of PBS
(bold line, n=8) or 1Xx10¢® CFU of HSV-#
-carrying retroviruses (thin line, n=8). From
day 3 to day 16, animals were administered
intraperitoneally with GCV (50 mg/kg/day).
Survival rates were significantly different
between the groups at p <0.001 by Wilcoxon
test.
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Fig. 9. Mechanism of cytotoxicity induced by HSV
-tk gene expression and GCV treatment.
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