








here emphasize the importance of damage response defects as the
determinants of sensitivity to cytotoxic drugs and to X-rays. It is
reasonable to expect, and our data support the idea, that molecular
defects in the same pathway will have similar sensitivities (e.g.,
rad50,rad51,andrad52treated with mitoxantrone). Three patterns of
cellular sensitivity emerged from these profiles: agents that selectively
target only one or few damage response defects (e.g., cisplatin,
mitoxantrone, and cytarabine phosphate); those that show a broad
spectrum of toxicities (e.g.,thiotepa or streptozocin); and those that
show little or no enhanced killing in DNA damage response-defective
strains. Our results underscore the notion that there are two broad
modes by which chemotherapeutic agents act. One class of agents has
activity against a broad range of tumors or cell types because these
agents lack specificity for any particular cellular context (e.g., X-
rays). The current emphasis of clinical trials, to obtain as large a
response as possible in patients who are grouped only by the organ
site of their cancer, favors agents that act broadly. These agents
however, precisely because they target a wide spectrum of defects,
have the highest probability of affecting normal, noncancerous tis-
sues. The second class, chemotherapeutic agents with greater speci-
ficity, offers the potential to improve the therapeutic response by
targeting a narrowly defined cellular context (i.e., a specific pathway
defect). Each cancer is likely to harbor genetic defects that were
important for the etiology of that particular cancer, and these defects
are probably not shared by all cancers from the same organ site.
Agents of high specificity and therapeutic advantage (for a precisely

defined class of tumors with specific genetic lesions) are almost
certainly bypassed under current clinical trial procedures. The latter
strategy, however, offers the greatest opportunity for selective target-
ing of cancer cells without killing normal cells.

The analysis of the FDA-approved cancer drugs using this isogenic
panel of yeast addresses an important question in cancer therapy: do
we need new drugs or better diagnostics? Agents, such as mitox-
antrone, that selectively target a single pathway defect suggest that
improved diagnosis may be efficacious. Cancers defective in DNA
DSB repair may be hypersensitive to topo II poisons. The availability
of better diagnostics that would allow the routine determination of
pathway defects in individual tumors might greatly improve benefits
from current chemotherapeutic agent. Conversely, the agents resulting
in broad toxicities in multiple genetic backgrounds may lead to higher
toxicity in noncancer cells. It is therefore important to identify agents
with high specificity for unique genetic changes associated with
cancers. Primary drug screens carried out in the context of a single
genetic alteration may provide a valuable route to new selective drugs.
Therapeutic agents could be screened for high toxicity in human cells
carrying a particular damage response defect but low toxicity in
isogenic wild-type control cells. This preliminary study has shown
that many of the current cancer drugs (X-rays etc.) are relatively
nonspecific and suggests that developing more specific therapeutics
may be beneficial. At the same time some of the commonly used
cancer drugs, such as cisplatin and the topoisomerase poisons, have
significant specificity in their killing, and this provides strong evi-

Fig. 3. Toxicity profiles of cytotoxic anticancer agents: topoisomerase poisons, X-rays, bleomycin, and actinomycin D. The graphs show the IC50 (log M for compounds, log k rad
for X-rays) for each agent against the strain panel. Thevertical line is set at the IC50 of the wild-type strain. The strains are grouped and color-coded according to the DNA damage
response pathway they represent.
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dence that new molecular diagnostics could improve their utility. The
results described in this communication pertain to the activity of
anticancer agents in yeast, and it should be noted that the biology of
yeast and mammalian cells differs in several important aspects. Fore-
most is the absence of programmed cell death in yeast. Although
programmed cell death or apoptosis may not alter the intrinsic sensi-
tivity of cells harboring specific defects to particular agents, it may
alter the response of the cell to damage (i.e.,survival). In addition, the
relative importance of alternative pathways for cellular response to
cytotoxins can vary between the two systems. This is true for DNA
DSB repair pathways, the major pathway of which in yeast is homol-
ogous recombination (represented by rad50, rad51, and rad52 in this
study), whereas in mammalian cells, nonhomologous end joining is a
more important repair pathway (31). We expect, however, that sen-
sitivity differences seen in yeast can, in many cases, be translated to
mammalian cells with the same fundamental defect, such as a defi-
ciency in DSB repair, regardless of the precise causative genetic
defect. Finally, the examination of anticancer agents with non-DNA
cellular targets in yeast can be limited by divergence of the target
molecules in the two organisms. For example, the FDA-approved
spindle poisons are not toxic toSaccharomyces cerevisiae, as these
agents are not active against yeast tubulin; hence, it was not possible
to include the spindle poisons in this study. Theoretically, the studies
we performed in yeast could have been carried out using a human or
rodent panel of matched pair cell lines. Although current limitations in
generating a sizable panel (e.g.,21 deletions in diploid cells) of cell
lines make this approach impractical, future studies in mammalian
cells will focus on cellular sensitivity to drugs in the context of
specific DNA damage response alterations. As it becomes more
feasible to perform similar studies using larger isogenic panels of
mammalian cells, the general utility of this approach should be even
more potent in defining the particular patients who should best re-
spond to various cancer treatments.
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