HIGHLIGHTS

The Tumor Suppressor pS3 in the Center of a Strategy Aiming at the
Alleviation of Side Effects in Cancer Therapies

Lisa Wiesmiiller*

Instabilities in the genetic mate-
rial of somatic cells (alteration of
single nucleotides, loss, exchange,
or duplication of chromosome seg-
ments, lack of single chromosomes
or supernumerary chromosomes)
can contribute to the development
of hyperproliferative cell popula-
tions and tumors, and finally to
metastasis, when, as part of a
multistep process, oncogenes be-
come activated or tumor suppres-
sors become inactivated.!! The
importance of the maintenance of
the genetic stability for tumor
suppression becomes especially
evident when looking at the anti-
oncogenic protein p53; the natural
wild-type p53 gene is inactivated in
50-60% of all cancer types by
mutation or deletion of one or two
alleles.>3 Furthermore, in other

Figure 1. The role of p53 as the “Guardian of the Genome”. p53 maintains the genetic integrity during
natural cellular proliferation phases by surveillance of recombination and possibly also of replication
processes. This figure also comprises the p53-dependent intracellular signal-transduction pathways, which
lead to growth arrest or apoptosis during cellular stress situations.

tumor types epigenetic mecha-
nisms, such as exclusion from the
nucleus, accelerated degradation,
or neutralization of the protein by
complex formation, indirectly lead to the functional inactiva-
tion of p53. During cellular stress situations p53 can halt
growth in the cell-cycle stage G1 (before DNA synthesis),
more rarely in stage S (during DNA synthesis), or in stage G2/
M (after DNA synthesis), or can induce active cell death,
called apoptosis (Figure 1).P!

Apoptosis represents a protective mechanism, which elim-
inates cells after irrepairable damage. This mechanism is
critical for the avoidance of malignant tumors and for the
success of chemotherapeutic treatments. Apoptosis is a
cellular suicide mechanism, during which cellular structures
are dissolved and proteins and chromosomes are degraded by
proteases and DNAases, respectively. The signals for p53-
mediated growth regulation, which were identified at the
molecular level, are predominantly DNA strand breaks,
which for example, arise after treatment with ionising
radiation. Kinases, such as Atm, which recognize a DNA-
strand break, transfer phosphate groups to p53.[ The result-
ing activation of the p53 molecule allows genes with p53
recognition sequences to be switched on. The product of the
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target gene p21"4F represents an inhibitor of the G1/S cell-
cycle stage specific kinases CyclinE :Cdk2 and CyclinA :Cdk2,
and the duplication of damaged DNA is thereby inhibited.l 7]
The product of the 74-3-3 gene sequesters the phosphatase
Cdc25, which is necessary for the activation of the Cdkl
kinase at the G2/M transition. Thus, 14-3-3 inhibits the mitotic
division of damaged cells. The target genes which encode
death receptors, such as CD95(APO-1/FasR), and a gene
which encodes an antagonist of the anti-apoptotic factor Bcl2,
Bax, mediate the induction of active cell death.

During the last few years it has been reported from several
laboratories that, apart from growth regulatory functions, p53
actively participates in DNA repair processes, particularly
recombination.’] Recombination processes execute DNA
exchange between two regions on the genome and represent
the final repair mechanism, when DNA double-strand breaks
do not allow transfer of the missing information from the
complementary strand by replication. By use of special test
systems it could be demonstrated that p53 controls the
accuracy of recombination processes, that is, it reduces the
frequency of erroneous exchange events by one to two orders
of magnitude.’) In summary, p53 guarantees the maintenance
of genomic stability during natural proliferation phases and
during cellular stress situations by activities in recombinative
DNA repair as well as by switching on growth regulatory
molecules.['%)
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Due to this central, but also extremely complex, role of p53
as a tumor suppressor, this protein has become the most
important object for cancer research since its discovery 20
years ago. In the field of diagnosis, the main goal today is to
establish the functional status of p53 in tumors in order to
improve the rate of curing by individual cancer therapies.”!
For this purpose methods from gene technology, microscopy
and biochemistry are applied. The importance of individual
therapies is exemplified by the fact that p53-deficient colon
carcinoma cells are resistant to an inhibitor of DNA synthesis,
S-fluorouracil, whereas they respond extremely sensitively
towards irradiation. Taken together, it seems that, as a
consequence of the individual p53 mutation and of the
specific anticancer treatment applied, the impairment of
DNA repair and the inability to execute apoptosis produce
different cellular responses. For the development of new
therapeutic strategies, scientists from basic and clinical
research try to enhance or reconstitute the p53-dependent
activities, which mediate apoptosis in tumor cells. To this end,
scientists test the applicability of synthetic peptides for
blocking the attack of p53 by the cellular protein degradation
machinery or catalyzing the refolding of mutant p53 into wild-
type p53.11 21 According to another approach, wild-type p53
is introduced into p53-deficient cells with adenoviral or
retroviral gene vehicles.['¥ The most promising strategy today
(clinical trials at stages I and II) was developed by ONYX
Pharmaceuticals in Richmond, California. It comprises the
targeted destruction of tumor cells lacking functional wild-
type p53 by viral lysis."¥ For this purpose the adenoviral
genome was manipulated in such a way that the virus can only
reproduce in p53-deficient cells and, therefore, actively Kkills
the corresponding cancer cells.

Theoretically, we would expect that the same functions
which enable wild-type p53 to eliminate tumor cells, can
conversely be suppressed so that normal tissues are protected
from the destructive effect of genotoxic stress. With the aim of
developing a corresponding strategy for alleviation of the side
effects of radio- and chemotherapies with patients carrying
tumors devoid of functional wild-type p53, Komarov and
colleagues, in their recently published work, searched a
library of 10000 synthetic chemicals for inhibitors of wild-
type p53.°! The selection procedure chosen by the authors
relies on the murine fibroblast cell line ConA, which carries
wild-type p53. Additionally, the bacterial gene coding for -
galactosidase (lacZ) was introduced into ConA cells in
combination with a synthetic DNA-recognition sequence for
p53. This combination of DNA elements allows enhanced
activity of cellular p53 protein as a transcriptional trans-
activator to be demonsrated 14 hours after treatment of the
cells with the cytostatic agent doxorubicin. When the fg-
galactosidase substrate X-Gal turns blue in the cell cultures
plated in 96-well plates, this indicates the activation of the
lacZ gene by p53. When this colour change cannot be
detected, this indicates a reduction of the transcriptional
activity by the chemical added to the corresponding well. A
water-soluble compound with a molecular mass of 367 was
influencing this p53-dependent activity most prominently and
was consequently named “p fifty three inhibitor” Pifitrin a
(PFTa; Figure 2). At concentrations of 10 um, PFTa sup-
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presses the p53-dependent gene ac- “NH,
tivation by more than 90% after S/U\N/\(@r
application of doxorubicin = 0
(£0.4 ugmL~') or UV irradiation b Br
(<25Jm™?). As would be expected Figure 2. Chemical struc-
from this, PFT«a also inhibits tran- ture of pifitrin @, 2-(2-
scriptional transactivation of chro-  imino-4,5,6,7-tetrahydro-
mosomal genes with p53-recognition ~ benzothiazol-3-y)-1-p-

. . tolylethanone hydrobro-
sequences and downstream biologi- %
cal processes, such as the induction
of cell cycle arrest or apoptosis,
according to the cell and DNA damage type. Comparison of
cells which differ in their p53 status, ascertained that, in each
case, the PFTa effects were p53-dependent. The anti-apop-
totic effect of PFTa could be demonstrated for appropriate
tumorigenic cells (C8) by use of a staining technique, which
indicates cellular vitality, and by subsequent quantitative
evaluation with a microplate reader. After UV irradiation or
application of doxorubicin up to 90% of the cells were
protected from cell death by the concomitant addition of
PFTa. For the chemotherapeutic agents etoposide, taxol, and
Ara C, a maximally twofold protective effect was observed.
The PFTa-mediated reduction of p53’s ability to induce cell
cycle arrest at the G1 stage after treatment with y-rays was
demonstrated by fluorescence-activated cell sorting (FACS)
analysis of ConA-fibroblasts. When the cellular DNA is
stained with a fluorescent dye, the DNA content in a single
cell can be measured cytometrically by this method. Thus,
within a certain population the cellular distribution into
different stages can be established before and after DNA
synthesis.

To clarify the stage at which PFTa acts within the DNA
damage-induced signal transduction pathway, wild-type p53
was produced in cells without endogenous p53 (Saos-2) by
introduction of an appropriate gene vehicle. As PFTa still
suppressed p53-induced apoptosis under these conditions, as
compared to the experimental setup when preexisting wild-
type p53 becomes damage-induced, the inhibitor must act
downstream of p53. From the results obtained by separation
of p53 proteins with gel electrophoresis in two dimensions by
charge and mass, an alteration of p53 activities by a distinct
pattern of modifications could be excluded.[) Furthermore,
the interaction with certain recognition sequences, underlying
the transcriptional transactivation of p53 target genes, was not
impaired by PFTa, as the formation of high molecular mass
complexes of radioactively labeled DNA fragments and p53
was detected equally well after polyacrylamide gel electro-
phoresis of proteins from untreated as well as from PFTa-
treated cells. The only change which the authors noticed after
the addition of PFTa was the decrease of cellular p53
amounts, especially in nuclei, as measured by immunoblot
analysis (detection of proteins with specific antibodies after
gel electrophoresis and subsequent transfer to a membrane).
So far it remained unclear whether this phenomenon can be
traced back to diminished de novo synthesis of p53, to
increased instability of the protein, or to interference with the
nuclear import.

To examine the applicability of PFTa to treatments which
protect against the toxic side effects of cancer therapies,
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experiments with living animals were performed as the next
step. Mice from two different breeding strains were injected
intraperitoneally with 2.2 mgkg~! body weight of PFTa and
subsequently treated with 8 Gy ionising radiation. The
survival rate, body weight, and changes in tissue morphology
and apoptosis were monitored for 100 days. Within this time
period full protection from irradiation-induced death by
PFTa was observed. At the same time the loss of body
weight was smaller than without pretreatment. The latter
correlated with reduced apoptosis in irradiated tissues, which
was shown by a staining technique for the microscopic
visualization of chromosome breaks (TUNEL assay). Inter-
estingly, in these mice no tumors were found by the authors up
to seven months after irradiation and concomitant drug-
mediated inactivation of p53.

It is generally agreed that p53 represents a central factor for
the maintenance of genome stability, and, consequently, for
the suppression of cancer.®! From this, the promising data
presented by Komarov and colleagues appear almost unbe-
lievable: Why does the loss of p53 function in mice which
were nullizygous for p53 cause the formation of fatal tumors
within six months, while the inactivation of p53 by PFTa does
not involve unrestrained cell growth, although these animals
were additionally exposed to ionising radiation ?['> 19 Were
the tested animals not observed long enough or was the
number of mice (30) too small? Long term studies with
several thousands of animals seem to be unavoidable, an
approach which brings to mind comparable efforts made after
the lively discussion about contradictory results for possible
side effects of a snowdrop gene in genetically modified
potatoes.'’l However, the apparent discrepancy regarding the
PFTa-mediated p53 inactivation without any increase in
cancer susceptibilities could be broken up by the multi-
functionality of the tumor suppressor. As shown in this work,
PFTa suppresses the growth regulatory functions of p53.
Nevertheless, the possibility exists that this compound does
not influence the surveillance of DNA-repair processes by
p53. By analogy, certain pS3 mutants still show separate
functions in proliferation and DNA-repair.'> '8 Indeed, the
lack of tumors in mice which were nullizygous for p21, as well
as in a fraction of mice which were transgenic for the
transcriptionally inactive mutant p53(135Val), already indi-

cated that alternative mechanisms to growth control must
contribute to tumor suppression by p53.1" 2% If DNA-repair
studies and thoroughly executed DNA mutation and rear-
rangement analyses of tissues after combined PFTa and
radiation exposure substantiate the theory that PFTa reduces
the p53-dependent suicide program after chemo- or radio-
therapeutic treatments without permitting the destabiliza-
tion of the genome, then indeed, this discovery could
help to improve the quality of life for cancer patients in the
future.
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