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Suppression of tumor cell growth by p53 results from the activation of both apoptosis and cell cycle arrest,
functions which have been shown to be separable activities of p53. We have characterized a series of p53
mutants with amino acid substitutions at residue 175 and show that these mutants fall into one of three classes:
class I, which is essentially wild type for apoptotic and cell cycle arrest functions; class II, which retains cell
cycle arrest activity but is impaired in the induction of apoptosis; and class III, which is defective in both
activities. Several residue 175 mutants which retain cell cycle arrest function have been detected in cancers,
and we show that these have lost apoptotic function. Furthermore, several class II mutants have been found
to be temperature sensitive for apoptotic activity while showing constitutive cell cycle arrest function. Taken
together, these mutants comprise an excellent system with which to investigate the biochemical nature of
p53-mediated apoptosis, the function of principal importance in tumor suppression. All of the mutants that
showed loss of apoptotic function also showed defects in the activation of promoters from the potential
apoptotic targets Bax and the insulin-like growth factor-binding protein 3 gene (IGF-BP3), and a correlation
between full apoptotic activity and activation of both of these promoters was also seen with the temperature-
sensitive mutants. However, a role for additional apoptotic activities of p53 was suggested by the observation
that some mutants retained significant apoptotic function despite being impaired in the activation of Bax- and
IGF-BP3-derived promoters. In contrast to the case of transcriptional activation, a perfect correlation between
transcriptional repression of the c-fos promoter and the ability to induce apoptosis was seen, although the
observation that Bax expression induced a similar repression of transcription from this promoter suggests that
this may be a consequence, rather than a cause, of apoptotic death.

p53 is the most commonly mutated gene in human cancers,
and the wild-type p53 protein plays an important role in pre-
venting malignant progression (17). p53 expression is elevated
in response to stress, such as DNA damage or abnormal pro-
liferative signals, and activation of p53 function is thought to
prevent the outgrowth of cells which harbor potentially onco-
genic alterations (23). Several activities of p53 which may con-
tribute to its tumor suppressive functions have been described,
most notably the ability to block cell cycle progression and the
induction of programmed cell death or apoptosis (2). Although
either of these activities results in inhibition of cell growth,
there is some evidence that the apoptotic function of p53 is the
principal tumor-suppressive function (35, 39). Reintroduction
of wild-type p53 into many tumor cell lines results in the
activation of both the cell cycle arrest and apoptotic responses,
although normal fibroblasts appear to respond to p53 by show-
ing only cell cycle arrest (12, 25). This potential differential
between normal and tumor cells, where normal cells undergo
a reversible cell cycle arrest and tumor cells undergo irrevers-
ible apoptotic cell death in response to p53, offers great po-
tential for the use of p53 as a therapeutic agent.

One of the most important activities of p53 is the ability to
function as a sequence-specific DNA binding protein and tran-
scription factor (9, 33). The expression of many cellular genes
has been shown to be regulated by p53, and several of these
genes are clearly involved in mediating the p53 response.
Among the reported p53-responsive genes with potential as
downstream mediators of the p53 response are p21Waf1/Cip1

(encoding a cyclin-dependent kinase inhibitor), Bax, the insu-
lin-like growth factor-binding protein 3 gene (IGF-BP3), the
cyclin G1 gene, and Gadd45 (24). In contrast, Mdm2, one of
the first p53-inducible genes to be described, is not thought to
mediate p53 effects but plays an important role in regulating
p53 function by binding to the trans-activation domain of p53
(30) and targeting it for degradation (15, 21). Although tran-
scriptional activation by p53 plays a role in both cell cycle
arrest and apoptosis, poorly defined transcriptionally indepen-
dent activities of p53 are also important, particularly to the
apoptotic response (5, 16, 41). p53 is also able to repress
transcription from several cellular and viral promoters (14, 27,
38) and to negatively regulate expression of some cellular
genes (31), and there is evidence that this transcriptional re-
pression activity may also be important for apoptosis (36, 37).
Several lines of evidence show that the cell cycle arrest and
apoptotic activities of p53 are separable functions (34), and
p53 mutants which retain the ability to induce cell cycle arrest
but fail to activate apoptosis have been described previously
(10, 35). These mutants demonstrate that apoptosis is not
simply a consequence of cell cycle arrest in the context of
opposing proliferative signals (the conflict of signals model);
they also suggest that the response to p53 can follow alterna-
tive pathways, depending on cell type, cell environment, and
the presence of other genetic alterations (2).

The p53 protein can be divided into three principal domains:
the N-terminal transcriptional activation domain, the C-termi-
nal regulatory domain, and the central portion of the protein,
which is responsible for sequence-specific DNA binding (20).
Most of the tumor-derived p53 mutants harbor single amino
acid substitutions within the central region which either pre-
vent normal DNA contacting or alter the conformation of this
domain (7). In both cases, the result of the mutation is a defect
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in the ability to bind DNA, activate transcription, and carry out
normal tumor-suppressive functions. Most of these tumor-de-
rived mutants are defective for both apoptosis and cell cycle
arrest; however, tumors harboring a p53 point mutant and
showing a loss only of apoptotic function, while retaining a
normal ability to induce cell cycle arrest, have also arisen,
albeit rarely (35). Closer examination of this mutant revealed
a selective loss in transcriptional trans-activation activity, with
the retention of essentially a wild-type ability to activate ex-
pression of p21Waf1/Cip1 but defects in the activation of pro-
moters containing p53 binding sites from the Bax and IGF-BP3
genes (26). Analysis of p21Waf1/Cip1-null mouse and human
cells clearly indicated a role for this protein in p53-induced cell
cycle arrest, although there is no clear contribution to apopto-
sis (3, 11, 42). Bax and IGF-BP3 both show apoptotic activities,
although IGF-BP3 is also likely to contribute to cell cycle
arrest by interfering with both the mitogenic and survival ac-
tivities of IGF (4). The differential transcriptional activity
shown by the p53 mutants strongly supported a role for
p21Waf1/Cip1 in cell cycle arrest and suggested that Bax and
IGF-BP3 may be the apoptotic transcriptional targets of p53.

Codon 175 in human p53 is one of the hot spots for mutation
in human cancers, and crystallographic analysis has shown that
while it does not contact the DNA directly, this residue plays
an important role in maintaining the structure of the DNA
binding domain (7). Mutation of this residue to histidine, the
most common substitution detected in cancer cells, results in
loss of all known p53 functions. We previously reported that
mutation of this residue to proline, a much rarer event in
cancers, ablates apoptotic activity but has no effect on the
ability to induce cell cycle arrest. This phenotype was shown to
correlate with retention of the ability to activate expression of
p21Waf1/Cip1 but not Bax or IGF-BP3 (26, 35). In this study we
describe the phenotype of a series of residue 175 mutants (32)
and examine the correlation of apoptotic activity with tran-
scriptional activation and repression.

MATERIALS AND METHODS

Plasmids. p53 sequences were expressed from the cytomegalovirus (CMV)
early promoter and have been described previously by Ory et al. (32). Transcrip-
tional activation and repression by p53 was assessed by using the luciferase
reporter gene under the control of promoter fragments from p53-responsive
genes. The promoter fragments used in this study were the SmaI-SacI fragment
of the human bax promoter derived from the plasmid Bax-CAT (29) and cloned
into pGL3 in the plasmid Bax-luc (13), the Box B responsive element from the
IGF-BP3 promoter in the plasmid boxB-luc (4), and a fragment of the c-fos
promoter derived from plasmid pF711/CAT (40) and described here as fos-luc.
As an assessment of transfection efficiency, transfections also included pJ4Vbgal,
in which the b-galactosidase gene is regulated by the long terminal repeat of the
Moloney murine leukemia virus, which is both constitutive and nonresponsive to
p53 (8). Full-length Bax protein was also expressed from the CMV promoter in
plasmid pCB61Bax (26).

Cell culture and transfection. p53-null human tumor Saos-2 cells were main-
tained in Dulbecco’s modified Eagle medium supplemented with 10% fetal calf
serum at 37°C in an atmosphere of 10% CO2 in air. For transient transfections,
5 3 105 to 8 3 105 cells were plated in 10-cm-diameter dishes and transfected
with calcium phosphate coprecipitate the following day. Where indicated, cells
were transfected with 50 ng to 5 mg of either p53 or Bax expression plasmids or
empty vector and 5 mg of each reporter construct. Cells were washed the day
after transfection and then harvested 24 to 48 h later and prepared for flow
cytometry, Western blotting (immunoblotting), and luciferase and b-galactosi-
dase assays. For temperature shift experiments, all cells were transfected at 37°C
and then moved to different temperatures after washing.

Transcriptional activity and protein analysis. Cell lysates were prepared 24 h
posttransfection for luciferase and b-galactosidase reporter assays, as previously
described (22). For Western blot analysis, cell lysates were normalized either by
equal volume or by expression of cotransfected b-galactosidase, both giving
identical results. Lysates were subjected to polyacrylamide gel electrophoresis
followed by transfer to nitrocellulose membranes. As an assessment of transfer,
membranes were stained with Ponceau S prior to protein detection with the
p53-specific monoclonal antibody DO-1 (Ab-6; Oncogene Science) and a mono-
clonal antibody specific to p21Waf1/Cip1 (Pharmingen).

Flow cytometry. Total populations of transfected cells, including floating and
adherent cells, were harvested 24 to 48 h posttransfection, fixed, and stained for
p53 with monoclonal antibody DO-1 and for DNA content with propidium
iodide, as previously described (35). Samples were analyzed in a flow cytometer
(FACScalibur; Becton Dickinson), and cells were measured for fluorescein iso-
thiocyanate fluorescence (green channel) and propidium iodide fluorescence
(red channel). Total populations were gated to remove doublets and very small
particles. Background levels of fluorescence were established by using cells trans-
fected with vector alone, and then cells in p53-transfected populations with high
fluorescence were gated and analyzed as a separate p53-containing fraction. Cell
cycle analysis of p53-expressing and nonexpressing cells from each transfection
was performed with CellQuest analysis software (Becton Dickinson), and apo-
ptosis induced by each p53 protein was expressed as the percentage of cells with
a sub-G1 DNA content relative to the rest of the population of p53-positive cells.
The specific amount of apoptosis induced as a result of the transfection was
taken as the percentage of sub-G1 cells in excess of that observed in the untrans-
fected population.

RESULTS

Cell cycle arrest and apoptosis by residue 175 mutants. We
have shown previously that mutation of arginine to proline at
residue 175 of human p53 gives rise to a protein with impaired
apoptotic but wild-type cell cycle arrest functions (35). In order
to determine whether this is a general phenotype of mutations
at this residue, we tested a series of previously described res-
idue 175 substitutions (32) for the ability to induce cell cycle
arrest and apoptosis following transient transfection of the p53
clones into the p53-null human osteosarcoma line Saos-2. Cell
cycle distribution and apoptosis were determined by fluores-
cence-activated cell sorting analysis of the p53-expressing pop-
ulation of cells, as previously described (35). Wild-type p53
activates both cell cycle arrest, as characterized by an increase
in cells in the G1 population, and enhanced apoptosis, as mea-
sured by the proportion of cells with a sub-G1 DNA content. It
is important to note that this assay measures the apoptotic rate
rather than cumulative apoptosis. In Saos-2 cells expressing
inducible p53, an apoptotic rate of 10% after 24 h correlated
with death of all cells within 5 days of p53 expression (data not
shown). Figure 1A shows representative profiles of cells ex-
pressing wild-type p53 (G1 arrest and apoptosis), p53 175Pro
(G1 arrest only), or p53 175Asp (no G1 arrest or apoptosis).
Analysis of the series of mutants showed that there were other
mutants with alterations at residue 175 which could behave like
175Pro and that the series of mutants could be broadly classi-
fied into three groups (Fig. 1B): class I mutants, which retained
essentially wild-type cell cycle arrest and apoptotic functions
(175Cys); class II mutants, which showed specific loss of apo-
ptotic activity but retained cell cycle arrest function (175Lys,
175Pro, 175Ile, and 175Ser); and class III mutants, which
showed loss of both activities (175Tyr, 175Trp, 175Asp, and
175Phe), giving profiles identical to untransfected cells or cells
transfected with vector alone. This is an extension of previous
studies which identified the class I and II mutants as wild type
in cell growth suppression assays (32). In addition, some mu-
tants showed an intermediate phenotype: 175Asn and 175Thr
showed wild-type cell cycle arrest and impaired but not defec-
tive apoptotic function (class I/II), and 175Leu and 175Gln
showed loss of apoptotic function and impaired cell cycle arrest
activity (class II/III) (Fig. 1B). This series of mutants, there-
fore, afforded an excellent system in which to analyze the
underlying defects in p53 function leading to these different
phenotypes.

Transcriptional activation by residue 175 mutants. Activa-
tion of p21Waf1/Cip1 plays a principal role in mediating p53 cell
cycle arrest, and we analyzed the ability of each of the mutants
to activate expression of the endogenous p21Waf1/Cip1 protein
(Fig. 2). As expected, the ability to activate expression of
p21Waf1/Cip1 correlated with cell cycle arrest function, with all
class I and II mutants activating expression of p21Waf1/Cip1 to
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levels comparable to the wild-type p53 protein. Interestingly,
one of the intermediate class II/III mutants, 175Leu, also
showed low but detectable ability to activate expression of
p21Waf1/Cip1, which correlated with the ability to induce modest
cell cycle arrest. However, the other class II/III mutant,
175Gln, which showed G1 arrest comparable to 175Leu, failed
to activate detectable expression of p21Waf1/Cip1. Essentially
similar results were also seen with a p21Waf1/Cip1 promoter-
driven reporter gene (data not shown).

Since our previous analysis of p53 175Pro indicated a cor-
relation between failure to activate expression of a Bax- or
IGF-BP3-derived promoter and loss of apoptotic activity (26),
we also tested all of the mutants for the ability to activate
transcription of a luciferase gene under the regulation of pro-
moters containing p53-responsive elements from Bax and IGF-
BP3. As shown in Fig. 3, all of the residue 175 mutants showed
substantial defects in the ability to activate expression of either
reporter construct. The ability of all of the mutants to activate
the IGF-BP3 reporter was essentially indistinguishable; activa-
tion of the Bax reporter was slightly higher in the class I and II
mutants but clearly significantly reduced compared to the ac-

tivity of the wild-type protein. It is particularly noteworthy that
class I and I/II mutants (175Cys, 175Asn, and 175Thr), which
retained significant apoptotic activity, did not retain enhanced
ability to activate expression of IGF-BP3 or Bax compared to
mutants with severely impaired apoptotic function (such as
175Ser) (Fig. 1B and Fig. 3). Therefore, although loss of the
ability to activate expression from bax or IGF-BP3 promoters
correlated with loss of apoptotic function in class II mutants, it
would appear that the retention of wild-type ability to activate
expression of these genes is not necessary for a significant
apoptotic response.

Transcriptional repression by residue 175 mutants. The
ability of p53 to repress several cell and virus promoters has
been linked to apoptotic activity (36, 37). One promoter which
has been shown to be markedly repressed by p53 is c-fos (14),
and we tested the series of mutants for the ability to repress
expression from this promoter. As shown in Fig. 4A, a perfect
correlation between the ability of each mutant to repress tran-
scription and the ability to induce apoptosis (Fig. 1B) was seen.
Class I and I/II mutants, which retained significant apoptotic
activity, showed strong repressor functions, comparable to the
wild-type protein. Class II mutants, which showed severely
reduced apoptotic activity, also showed significant defects in

FIG. 1. Induction of cell cycle arrest and apoptosis by p53 proteins. (A) Flow
cytometry analyses of Saos-2 cells transiently transfected with wild-type p53 and
two p53 mutants, 175Pro and 175Asp. Cell cycle arrest function is indicated as
the percentage of cells in the G1 phase of the cell cycle relative to those in the
S and G2/M phases. Apoptotic rates are given as the percentage of cells with
sub-G1 DNA content above that observed in the untransfected population. (B)
Representation of the cell cycle arrest and apoptotic functions of a series of
mutants with alterations at codon 175 of p53.
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the ability to repress transcription from the c-fos promoter;
class III mutants, which were completely inactive for apoptosis,
not only failed to repress expression from the c-fos promoter
but in some cases showed an apparent activation of expression.

Although the correlation between transcriptional repression
and apoptosis was striking, we were concerned that this may
not represent a causal step in p53-induced apoptosis. One
possibility was that the repression was simply the consequence
of overexpression of transcriptionally active p53 in transient
transfection assays. Although all of these p53 mutants retain
the trans-activation domain at the N terminus of the protein, it
is possible that the transcriptionally inactive mutants are
locked in a conformation which masks this domain. However,
high-level expression of the VP16 trans-activation domain,
which clearly showed transcriptional activation activity, failed
to repress expression from the c-fos promoter (data not
shown), indicating that simple overexpression of a transcrip-
tion factor and titration of the basal transcriptional machinery
(squelching) is not sufficient for repression.

Our principal concern, however, was that the transcriptional
repression was a consequence, rather than a cause, of apopto-
tic cell death. To address this point, we examined the effect of
induction of apoptosis in the same cells following expression of
Bax, a cytoplasmic protein with no recorded transcriptional
function (1). Expression of Bax resulted in apoptotic rates
similar to those seen following p53 expression (data not
shown), and Bax expression also efficiently repressed expres-
sion from the c-fos promoter (Fig. 4B). As a control, expression
from the Moloney murine leukemia virus long terminal repeat
was unaffected by Bax, indicating that, like p53, transcriptional
repression in response to Bax expression showed some degree
of promoter specificity.

Temperature sensitivity of residue 175 mutants. Although
mutations of amino acid 175 have been shown to perturb
sequence-specific DNA binding of p53, crystallographic studies
have shown that this residue does not directly contact DNA
(7). It appears that this residue is important in maintaining the
conformation of the DNA binding domain, and disruption of
the wild-type conformation can result in a loss of DNA binding
activity. Our results so far suggest that the conformational
alterations induced by the class II mutants might be rather
subtle, allowing retention of at least some wild-type function.
We therefore tested whether these mutants might regain a
wild-type conformation and apoptotic function at reduced tem-

peratures by analyzing them at 32°C. Analysis of apoptosis
showed a slight reduction in the apoptotic rate induced by
wild-type p53 at 32°C, which may be a consequence of a re-
duced growth rate, and the class III 175Asp mutant remained
unable to induce apoptosis at either temperature (Fig. 5). All
of the class II mutants, however, showed some evidence for
temperature-sensitive recovery of apoptotic activity. In partic-
ular, 175Lys and 175Ile induced apoptotic rates at 32°C which
were indistinguishable from the wild-type protein. Analysis of
the transcriptional activity of these mutants at the two temper-
atures showed, as expected, that 175Lys and 175Ile activated
expression from the p21Waf1/Cip1 and Mdm2 promoters as effi-
ciently as the wild type at both temperatures (data not shown).
Examination of the two potential apoptotic targets showed that
both temperature-sensitive mutants regained the ability to ac-
tivate expression. 175Lys showed substantially enhanced ability
to activate the IGF-BP3-derived promoter, although 175Ile
showed only a modest enhancement in the ability to activate
this promoter. Both 175Lys and 175Ile, however, regained full
wild-type ability to activate expression from the bax-derived
promoter at 32°C (Fig. 6).

DISCUSSION

Transcriptional activation of target genes is one of the key
mechanisms by which p53 induces cell cycle arrest and apopto-

FIG. 2. Western blot analyses of lysates from Saos-2 cells which were trans-
fected with p53 constructs as indicated. The nitrocellulose membrane from one
polyacrylamide gel was probed with both p53- and p21Waf1/Cip1-specific mono-
clonal antibodies. The figure shown is representative of three independent ex-
periments.

FIG. 3. Transcriptional activation by wild-type p53 and the indicated mutants
of the p53-responsive promoter plasmids Bax-luc and boxB-luc (IGF-BP3). As-
says were carried out following transfection of 5 mg of reporter plasmid and 50
ng of p53 expression plasmid into Saos-2 cells. The values shown are fold
trans-activation of the reporters relative to values observed for cells transfected
with vector alone.
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sis. Many lines of evidence support a role for the activation of the
cyclin-dependent kinase inhibitor p21Waf1/Cip1 in p53-induced cell
cycle arrest (35, 42), and we show further evidence here of the
excellent correlation between activation of p21Waf1/Cip1 expres-
sion and the ability of several p53 mutants to induce G1 arrest.
Nevertheless, cells from p21Waf1/Cip1-defective mice do not
show complete loss of p53-induced cell cycle arrest, and other

p53 target genes probably also contribute to this response (3, 11).
The phenotype of the 175Gln mutant supports the concept that
mechanisms other than activation of p21Waf1/Cip1 can contrib-
ute to p53-induced cell cycle arrest, since this mutant retains
some ability to activate G1 arrest without a detectable increase
in p21Waf1/Cip1 expression. This is in agreement with the ob-
servation that cells from p21Waf1/Cip1-deficient mice retain
some G1 arrest function in response to p53 activation (3, 11).
Of particular interest is our observation that the rare tumor-
derived codon 175 mutants (175Ser, 175Leu, and 175Pro) all
show a clear defect in apoptotic function, supporting the im-
portance of loss of this activity to tumor progression.

Identification of the apoptotic targets of p53 has been less
straightforward, although there is convincing evidence that Bax
plays at least some role in this process. Cells from Bax-deficient
mice show some defect in the p53-dependent apoptotic re-
sponse (28, 43), although the retention of significant levels of
apoptosis in these cells (19) strongly implies a role for other
p53 activities. These are likely to encompass activation of ex-
pression of other p53 target genes, repression of transcrip-
tional activation by p53, and other, transcriptionally indepen-
dent activities of the p53 protein. In this study, we show that
loss of apoptotic function correlates with loss of the ability to
activate expression of promoters derived from the Bax and

FIG. 4. Transcriptional repression of the human c-fos promoter. (A) Wild-
type p53 and the indicated mutants were cotransfected into Saos-2 cells together
with the reporter plasmid fos-luc. The percent luciferase activity caused by each
p53 protein was calculated relative to that observed in cells transfected with the
empty CMV expression plasmid alone. (B) Comparison of the effects of expres-
sion of wild-type p53, the p53 mutants 175Cys, 175Asn, 175Thr, and 175Tyr and
Bax on the reporter constructs fos-luc and pJ4Vbgal. Saos-2 cells were trans-
fected with 5 mg of each reporter construct together with either 5 mg of CMV-
driven wild-type or mutant p53 or 1 mg of CMV-driven Bax.

FIG. 5. Induction of apoptosis by wild-type p53 and the indicated mutants at
37°C and 32°C. Saos-2 cells were transfected with 5 mg of p53 expression plasmid,
left for 16 h, washed, and then placed at the indicated temperatures for 24 h
before being harvested.
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IGF-BP3 genes. The correlation between apoptosis and acti-
vation of the Bax promoter was particularly close, with mutants
that retain very low apoptotic activity (class II mutants) also
retaining a low-level ability to activate the Bax promoter (Fig.
3). Similarly, mutants that were temperature sensitive for ap-
optosis regained wild-type ability to activate the Bax-derived
promoter but showed only partial restoration of transcriptional
activation of the IGF-BP3 promoter at 32°C, again underscor-
ing the closer association between activation of Bax and apo-
ptosis. However, analysis of the series of mutants showed that
apoptotic function could be retained by mutants which failed
to efficiently activate transcription from either IGF-BP3- or
Bax-derived promoters. Taken together, these results support
the suggestion that the activation of apoptosis by p53 may
depend in part on activation of Bax and IGF-BP3 but may also
be mediated by activation or repression of other target genes
or through transcriptionally independent mechanisms. This
collection of mutants may be of use in the further identification
of such apoptotic activities of p53.

We have shown previously, and confirm here, that the dif-
ferential loss of apoptotic function but the the retention of cell
cycle arrest activity shown by some of these residue 175 mu-
tants is accompanied by selective loss of the ability to activate
some, but not all, p53-responsive promoters. Residue 175 par-
ticipates in maintaining the conformation of the p53 DNA
binding domain, and it seems likely that the promoter selec-
tivity displayed by some of the residue 175 mutants reflects

differences in the magnitude of the conformational shift in-
duced by each amino acid substitution. It is possible that slight
changes, induced by the class II mutants, may lead to failure to
bind the Bax- and IGF-BP3-derived binding sites but retaining
of binding to the p21Waf1/Cip1 promoter, maybe reflecting high-
er-affinity binding of p53 to the sites in the p21Waf1/Cip1 pro-
moter than in those found in Bax or IGF-BP3. Alternatively,
the different abilities of p53 and the mutants to activate tran-
scription may depend on the DNA conformation of the con-
sensus p53 binding site within the promoter (18). Recognition
of different DNA conformations has been suggested to depend
on the ability of the p53 protein itself to adopt different con-
formations, a property that may be differentially compromised
in the various mutants. The concept that cell cycle arrest tar-
gets of p53, such as p21Waf1/Cip1, are more efficiently activated
than apoptotic targets, such as Bax, might explain the obser-
vation that low levels of p53 activate cell cycle arrest while
higher levels of p53 expression are necessary for the induction
of apoptosis (6). This might imply that in normal cells the
initial response to stress such as DNA damage is modest ele-
vation of p53 levels, resulting in reversible cell cycle arrest, with
apoptosis being activated only as p53 continues to accumulate,
perhaps due to a prolonged or more severe exposure to the
p53-activating event.

Despite the importance of transcriptional activation by p53
to the apoptotic response, it is also evident that other activities
of p53 play a role in this response. One activity which has been
suggested to be important in the induction of apoptosis is the
ability of p53 to repress transcription of certain genes. Recent
identification of a cell gene, MAP4, which is clearly transcrip-
tionally repressed in cells following activation of p53, supports
the importance of this function (31), although the exact con-
tribution of transcriptional repression to each of the p53 ac-
tivities remains unclear. Many viral and cellular promoters
have been shown to be repressed in transient assays, and this
activity has frequently been linked to the apoptotic response to
p53 (36, 37). Although it remains likely that repression of
specific cellular genes plays a role in mediating the p53 apo-
ptotic response, our results showing a similar repression of the
c-fos promoter following Bax expression indicate that detection
of transcriptional repression by p53 should be interpreted with
caution, since this may be a consequence as well as a cause of
the apoptotic response.
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