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Editorial

suggested to exert a bystander effect in a clinical trial inSuicide genes and bystander killing: local
patients with lung cancer.9 The same authors have pre-and distant effects viously shown both in vitro and in vivo experimental ani-
mal data indicative of a bystander effect. The underlyingThe mechanism underlying suicide gene therapy is not

fully resolved but seems to be complex. Results from two mechanism is not known but may be via soluble factors
inducing apoptosis. During the initial phase of the orig-recent studies1,2 now demonstrate that the level of com-

plexity may have further increased. inal tumor development the preneoplastic cells are pre-
sumably resistant to the apoptotic effect, as the tumor, inSuicide gene therapy is one of several approaches to

treat cancer.3,4 A suicide gene encodes a protein that is fact, does develop. We would like to suggest that the
fully neoplastic cells may have acquired sensitivity totoxic to the cell. Some suicide genes encode products that

are directly toxic to the cell, such as diphtheria toxin or p53-induced apoptosis while undergoing additional gen-
etic changes.Pseudomonas exotoxin, both of which inhibit protein syn-

thesis. Other suicide genes give rise to enzymes that The suicide gene most commonly employed, both in
an experimental and a clinical setting,6,7 is the thymidineselectively convert nontoxic prodrugs to highly toxic

metabolites. These genes have also been used in trans- kinase gene of the herpes simplex virus (HSVtk). HSVtk
converts nucleoside analogs, such as ganciclovir, togenic animals allowing researchers to target an inducible

toxic phenotype.5 monophosphate forms by phosphorylation. These are
subsequently modified to toxic triphosphates byThe current interest in suicide gene therapy is based

on the ‘bystander effect’. This phenomenon is caused by endogenous cellular enzymes and incorporated into nasc-
ent DNA causing chain termination and cell death. Thetoxicity exerted on neighboring cells, which themselves

are not genetically modified. Several investigators have HSVtk enzyme is almost three orders of magnitude more
efficient at monophosphorylating GCV than endogenousdemonstrated that it is sufficient to reach only a fraction

of tumor cells to detect a pronounced bystander effect thymidine kinase. Since phosphorylated GCV cannot
pass through the plasma membrane, it is accumulated(reviewed in Refs 6 and 7). One of the major obstacles

in current gene therapy is the inefficient transfer of the within the cell. The accumulation of phosphorylated
GCV enhances the anticancer effects in HSVtk transducedtherapeutic gene. Cancer protocols are only likely to

work if it is sufficient to genetically modify a fraction of tumors. More than a dozen clinical trials using HSVtk are
underway10 and some preliminary results have beenthe tumor cells.

Several different genes with these properties have been reported.6,7

Several mechanisms underlying the bystander effectdescribed6,7 but the mechanism for toxicity is not fully
understood and varies among the different products. The using HSVtk have been reported. They have been

ascribed to direct influences of the suicide gene productsbacterial enzyme cytosine deaminase converts 5-fluoro-
cytosine (5-FC) into 5-fluorouracil (5-FU), a drug cur- as well as indirect effects by boosting the antitumor

immune response. Toxic nucleoside analogs may eitherrently used in cancer therapy. Normal mammalian cells
do not contain this enzyme and are relatively resistant to be transferred through cellular channels called gap junc-

tions, or alternatively, through phagocytosis of apoptotic5-FC. The transfer of the cytosine deaminase gene into
mammalian cells renders them selectively sensitive to 5- vesicles. Furthermore, some investigators have also

reported that the bystander effect is impaired, or evenFC both in vitro and in vivo. A bystander effect has been
obtained with this suicide gene as released 5-FU can dif- absent, when experiments are conducted in immuno-

compromised animals, suggesting that an intact immunefuse to nearby tumor cells and pass through the cell
membrane. The E. coli xanthine-guaninephosphoribosyl system is an important component for obtaining a

bystander effect (reviewed in Ref. 6). These findings aretransferase gene (GPT) has also been used as a suicide
gene with bystander capability. The prodrug 6-thioguan- corroborated by histological evidence of T lymphocyte

and macrophage infiltrations in the tumors.ine is toxic when it is converted by GPT to a monophos-
phate metabolite and fed into the precursor pathways for In a plasmacytoma model we could recently show that

a bystander effect can be seen in vivo when human tumorRNA and DNA synthesis. The E. coli DeoD gene (purine
nucleoside phosphorylase, PNP), converts a deoxyadeno- cells are transferred to severe combined immunodeficient

(SCID) mice.1 However, an unexpected finding was thatsine analog to 6-methylpurine, which is toxic to the cell
with resultant bystander killing. DeoD has also been nontransduced tumors in a different location also

showed evidence of regression, although they were notreported to effect nonproliferating cells.8
The tumor suppressor gene, p53, has recently been eradicated. These tumors had increased frequency of
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274 apoptotic figures and decreased mitotic frequency. We seems to involve a novel component that could offer new
ways of therapeutic intervention and at the same timecalled this phenomenon a ‘distant’ bystander effect, the
increases the complexity of suicide gene therapy.traditional bystander phenomenon thus being referred to

as a ‘local’ effect. In a recent publication, Wilson et al2
M Siraç Dilber1,4 and CI Edvard Smith2,3,4

report HSVtk gene therapy for head and neck squamous
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