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Cycle Arrest Functions1
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ABSTRACT

The protein p53 is a critical tumor suppressor, as demonstrated by its
frequent mutation in human cancers. Overexpression of the wild-type

form of thep5J tumor suppressor gene in human cancer cell lines has been
shown to lead to either cell cycle arrest or apoptosis. A study of two
Li-Fraumeni syndrome-derived p53 hinge domain mutants shows that

both mutants retain the ability to arrest cell growth but are significantly
impaired for the induction of apoptosis in human p53-null cell lines. This

indicates that the hinge domain may be important in the regulation of
p53-dependent apoptosis.

INTRODUCTION

The p53 tumor suppressor gene is a critical regulator of tumorigen-

esis, as demonstrated by the loss of functional p53 in greater than half
of human cancers ( 1). In mice, homozygous deletion of the p53 gene
results in tumor formation 3-6 months after birth (2). On the molec

ular level, p53 is important in the cellular response to DNA damage
events and has been shown to carry this out in a cell type-specific

manner by one of two mechanisms: (a) cell cycle arrest; or (b)
apoptosis (3-5). These two responses have been shown to be, in part,

a result of the transcriptional regulation of the effector genes of these
pathways, because p53 has been shown to act as a transcriptional
activator of genes with promoters containing p5.?-binding sites (6).

However, there is recent evidence that the p53-dependent cell cycle

arrest and apoptotic pathways may be regulated by p53 through
mechanisms other than transcriptional activation (7-10). In these

studies, p53 mutants have retained the ability to induce apoptosis but
not cell cycle arrest ( 10) or vice versa (7-9). Each of the mutants used
in these studies was a missense substitution localized to the sequence-
specific DNA-binding domain of the protein (as are a vast majority of

tumorigenic mutations of p53; Ref. l ). This report focuses on two
mutations derived from two respective patients with germ-line muta
tions to p53 that lie outside of the DNA-binding domain and within
the hinge domain that joins the DNA-binding domain to the tetramer-

ization domain. We have found that they have both retained the ability
to induce cell cycle arrest but are significantly impaired in their ability
to induce apoptosis. This is the first characterization of germ-line-

derived p53 mutations behaving in such a manner and underscores the
need for a functional p53-dependent apoptotic pathway for controlling
tumorigenic growth. This study also suggests that the p53-dependent

apoptotic pathway and the cell cycle arrest pathway may require
differential protein-DNA and/or protein-protein interactions for their

regulation.
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MATERIALS AND METHODS

Cell Lines and Conditions. Non-small cell lung carcinoma CaLu 6 cells
were obtained from Dr. C. C. Harris (NCI-NIH. Bethesda. MD) and are null

for endogenous p53. EB cells are colon carcinoma cells obtained from the lab
of Dr. P. Shaw (Institute of Pathology, Lausanne. Switzerland) and are null for
p53. The overexpression of transfected wt' p53 in these cells results in

apoptosis (4). The human osteosarcoma cell line Saos-2 is also null for p53. All

cell lines were grown in DMEM with 10% FBS.
Transcriptional Regulation Assays and Western Blot Analysis. The

WAFI promoter (WWP lue) and Box promoter (Bax-luc) constructs were gifts

from Drs. B. Vogelstein (The Johns Hopkins University. Baltimore. MD) and
J. C. Reed (The Burnham Institute. La Jolla. CA), respectively. CaLu 6 cells
(6 X 10') were plated into each well of a 6-well plate. The next day, 3 /ig of

either WWP-luc or Bax-luc were cotransfected with l /ig of a p53 expression

plasmid using the Lipofectin procedure (Life Technologies. Inc.). The p53
expression plasmid consists of wt or mutant p53 cDNA cloned into the Bamtt\
site of pREP4 (Invitrogen). Also cotransfected with the p53 expression plasmid
and the firefly luciferase reporter (e.g., WWP-luc or Bax-luc) is an internal
control plasmid. pCMV-RL. expressing renilla luciferase (Promega). Each

transfection of the different p53 expression plasmids was done in duplicate for
each experiment, and the experiment was repeated at least four times with the
indicated mutants and controls. The ratio of firefly:renilla luciferase was
calculated for each transfection. and the results were expressed as the -fold

transactivation relative to wt p53 averaged over the set of experiments.
Western blots were performed by collecting a set of cell pellets from one of

the transient transfections used for studying transactivation of the WWP-luc

construct. Cells were lysed in a buffer containing 150 mM NaCl (Fisher), 1%
NP40 (Sigma). 0.5% deoxycholic acid (Sigma), 0.1% SDS (Fisher), 50 mM
Tris (pH 8.0; Sigma), and 1 mvt phenylmethylsulfonyl fluoride (Sigma). A
10% SDS-poIyacrylamide gel was loaded with 100 /ig of the indicated cell
lysate. The protein was then immunoblotted onto Immobilon-P nylon mem
brane (Millipore), incubated with DO-1 anti-p53 antibody (Santa Cruz; 1:500
dilution) followed by peroxidase-conjugated antimouse IgG (Santa Cruz), and

developed with the Amersham enhanced chemiluminescence detection system
according to the manufacturer's protocol.

Colony Formation Assays. Cells (2 x IO5) were plated in 6-well tissue

culture plates and allowed to adhere overnight. The next day, the cells were
transfected with 3 /ig of a pREP4-derived expression vector (encoding a

hygromycin resistance gene) using the Lipofectin procedure and allowed to
incubate for 16 h. Selection for hygromycin-resistant colonies was started 48 h
posttransfection. After 12-14 days of selection, hygromycin-resistant colonies

were fixed and stained with crystal violet and 50% methanol. Colonies of
approximately 10 or more cells were counted.

Transfection of Saos-2 and EB Cells for FACS Analysis. The day before
transfection. 1 x IO6Saos-2 cells or 3 x IO6 EB cells were seeded into 25-cm2

tissue culture flasks. The next day. the cells were transfected with the various
p53 expression vectors identified above via the Lipofectin procedure. Serum-

containing medium was added to the cells 4 h posttransfection. Floating and
adherent cells were then harvested at the indicated times and fixed in 100%
methanol for at least 2 h at -20Â°C. The cells were then rehydrated in PBS and

150 /ig/ml RNase A for 30 min at room temperature, pelleted, gently resus-
pended in a 1:100 dilution of mouse anti-p53 DO-1 primary antibody (Santa

Cruz), diluted in PBS and 2.5% BSA. and incubated at room temperature for
30 min. After two PBS washes, the cells were resuspended in a 1:60 dilution
of goat antimouse FITC-conjugated secondary antibody (DAKO) in PBS and

5 The abbreviations used are: wt, wild-type: LFS, Li-Fraumeni syndrome; TdT, ter
minal deoxynucleolidyltransferase; DAPI, 4'.6-diamidino-2-phenylindole; FACS, fluo

rescence-activated cell-sorting; SST. sequence-specific transactivation; FiTC. fluoroscein
isothiocyanate; TRITC. tetramelhylrhodamine isothiocyanate.
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Fig. I. Hinge domain mutants retain the ability to transactivate the p2lWAf'lf
promoter, a. the reporter plasmid pWWP-luc. which contains the/>2/WAP"l/CIIM promoter

ligated to the firefly luciferase coding region, was cotransfected with an expression
plasmid containing the indicated p53 cDNA into p53-null CaLu 6 cells. The p53 mutants

are shown with the wt amino acid preceding the codon position followed by the amino
acid substitution. â€¢¿�.luciferase activity relative to wt p53. h. a Western blot of the
transiently transfected CaLu 6 cells used in a shows that there are detectable levels of
expressed p53 protein.

2.5% BSA and incubated for 30 min at room temperature in the dark. After two
PBS washes, cells were resuspended in PBS containing I /J.g/ml propidium
iodide. The samples were then filtered through Spectra Mesh filters (Spec
trum). Samples were analyzed on a FACScan cell scanner (Becton Dickinson),
and the data were analyzed by ModFlT/LT software (Verity Software). Cells
were gated to remove doublets and very small debris and gated for high FITC
fluorescence.

Immunocytochemistry Analysis. Saos-2 cells were plated onto sterile
acid-washed glass coverslips. The next day, cells were transfected with 2 /ng

of the indicated expression vector using calcium phosphate coprecipitation and
incubated for 48 h. Cells were then fixed in 1.5% paratbrmaldehyde in PBS for
20 min and washed with PBS. Fixed cells were permeabilized with 0.1%
Triton X-100 and PBS for 5 min and then washed with PBS. Anti-p53 antibody
DO-1 (Santa Cruz) was applied to the cells at a 1:200 dilution (in 2.5% BSA

and PBS) for 30 min at room temperature and then washed with PBS. Rabbit
antimouse-TRITC-conjugated antibody (DAKO) at a 1:1000 dilution was

added to the cells for 30 min at room temperature. After a brief wash in PBS,
the cells were then FITC-labeled for DNA fragmentation with TdT supplied in
the ApoTAG Direct kit (Oncor) and used according to the manufacturer's

protocol for immunocytochemistry. Nuclei were then stained with DAPI after
termination of the TdT reaction and before slide mounting with an antifade

solution.

RESULTS

initially analyzed for their phenotypes in functional assays with the
non-small cell lung adenocarcinoma cell line CaLu 6 that is null for
p53 (11). The germ-line mutation at codon 305 was derived from a

proband that had anaplastic astrocytoma at age 35 years (12). The
proband with the mutation at codon 325 had non-Hodgkin's lym-

phoma at age 17 years and colon carcinoma at age 26 years (13). Both
of the mutations lie within an amino acid linker, hereafter referred to
as the hinge domain, that links the sequence-specific DNA-binding
domain (spanning residues 102-292) to the tetramerization domain
that encompasses residues 326-354 (14, 15). The cancerous pheno
types associated with these two germ-line mutations prompted the

characterization of the functional impairment of each mutation.
Initially, we analyzed the ability of the p53 mutants to elicit cell

cycle regulation responses. Overexpression of p53 is associated with
growth arrest at the G,-S- and G^-M-phase checkpoints of the cell
cycle (16, 17). wt p53 is a transcription-regulatory protein containing

a potent transactivation domain in its amino terminus. Genes regulated
by p53 serve as the effectors of phenotypes associated with p53
overexpression. One gene activated by wt p53 is/j27WAFI/clpl. which

itself binds to and inactivates cyclin-cyclin-dependent kinase com
plexes (18, 19). The p21WAF"clpl protein is thus a critical effector of

cell cycle control initiated by p53 (20). We analyzed the ability of the
p53 mutants to transactivate a reporter construct consisting of the
^2/wAFi/cipi prornoter cloned upstream of a firefly luciferase re

porter gene (Fig. \a) in p53-null CaLu 6 cells. The two LFS mutants

retained the ability to transactivate the promoter to levels comparable
to that of wt p53: mutant Met'"5 displayed an average transactivation
of 77 Â±3.0% of wt p53; whereas mutant Val125 showed an average

transactivation of 106 Â±15.8% of wt p53. By contrast, translection of
the missense mutant at codon 143 (Val to Ala substitution), a sporadic
tumor-derived mutation, lacked this transactivating property, in agree

ment with earlier reports (21). The relative activities of the hinge
domain mutants and the Ala143 mutant relative to wt p53 did not

change over a range of plasmid concentrations (50 ng-1 ng; data not

shown).
To investigate whether the hinge domain mutants that retained the

ability to transactivate a gene important in the inhibition of cell cycle
progression also exhibited an overall arrest of cell growth, we per
formed colony inhibition assays in CaLu 6 cells (Table 1). Expression
vectors for the various p53 cDNAs bearing a hygromycin resistance
gene were transfected into the cells. After about 2 weeks of selection,
the vector control transfection yielded an average of about 100 colo
nies of >10 cells, wt p53 yielded only an average of 4 colonies/
transfection. However, transfection of the sporadic cancer-derived
mutant Ala143 resulted in an average of 70% of the colonies of the

vector control. The hinge domain LFS mutants retained all of the
growth-inhibiting activity of wt p53. The LFS mutants have therefore

displayed two major characteristics associated with the ability of p53
to regulate the cell cycle: (a)/?2/WAFI/CIP1 transactivation; and (h) the

ability to inhibit cell growth.
We then investigated the capability of the hinge domain mutants to

elicit an apoptotic response, wt p53 is activated in response to DNA
damage events and is required for G, arrest after y- irradiai ion (16,

22). For some cell types, the activation of p53 results in apoptosis (4,

Table 1 p53-depenclt'nt inhibilion of colony formation

Two LFS-derived p53 mutants, one at codon 305 (Lys to Met

substitution) and one at codon 325 (Gly to Val substitution), were

Expressionvectorwt

p53Vector
controlAla141Val"5Met305Average

no.
of colonies411)17129SDÂ±1Â±19Â±16Â±1Â±4
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Expression Vector Transfected

Fig. 2. Hinge domain mutants have a diminished ability to transactivate the hax
promoter. The reporter plasmid Bax-luc. which contains the hax gene promoter ligated to
the firefly luciferase coding region, was cotransfected with an expression plasmid con
taining the indicated p53 cDNA into CaLu 6 cells. â€¢¿�average transactivation relative to
wt p53.

23). An important effector of the p53-mediated apoptotic pathway is

the hax gene, which is itself transact!vated by wt p53 (24, 25). In a
study of tissue-specific tumor growth induction of choroid plexus
epithelial cells in transgenic mice, it was shown that bax-mi\\ mice
developed tumors at a rate nearly five times that of bax+/* counter

parts, and that bax induction in response to tumor growth was wt p53
dependent (26), pointing out not only the need for Bax protein-
mediated apoptosis in these cells, but also the need for p53-mediated

apoptosis in curtailing tumor growth in vivo.
We tested the ability of the hinge domain mutants to transactivate

a luciferase reporter construct containing the hax promoter cotrans
fected into CaLu 6 cells (Fig. 2). Transfection of the sequence-specific
DNA-binding domain mutant Ala143 completely lost the ability to

transactivate the bax promoter, consistent with a previous study per
formed in H1299 cells (8). The two hinge domain mutants showed a
noticeable but not total loss of transactivation of the bax promoter
relative to wt p53, showing a 50% decrease in transactivation. There
is evidence that Bax is needed for the apoptosis of only certain cell
types. For example, mouse thymocytes null for bax are still able to
undergo p53-dependent apoptosis (27), yet choroid plexus epithelial

cells show a dependence on p53 and bax gene products (26). Addi
tionally, in the transgenic mouse study involving Bax and p53-de-
pendent apoptosis in choroid plexus epithelial cells. 6o.v-null but
p53+/* animals showed less apoptosis (and faster tumor growth) than
bax+/+ but p5J-null animals, indicating that there are multiple p53-

responsive genes involved in the p53-dependent apoptotic pathway

(26). Although hax is a major gene through which wt p53 induces an
apoptotic pathway, it is most likely not the only p53-responsive gene

involved in the pathway.
Because of this, it was important to test the ability of the hinge

domain p53 mutants to induce apoptosis in the p53-null cell lines
Saos-2 and EB, osteosarcoma and colon carcinoma cell lines,
respectively (Fig. 3), that have been well-characterized as under

going apoptosis in response to wt p53 overexpression (4, 9).
Expression vectors bearing either of the two hinge domain mutants
or controls were transfected into either Saos-2 or EB cells; samples

were collected at 24, 48. and 72 h posttransfection; and the cells

were subjected to FACS analysis. As seen in Fig. 3a, there is a
consistently higher degree of apoptotic cells (cells containing a
sub-G, DNA content) in the population of Saos-2 cells expressing

exogenous wt p53 when compared with that in a vector control
transfection. There is no appreciable increase in the number of
apoptotic cells over that seen in the vector control in transfections
with either mutant Ala143 or the two hinge domain mutants Met3"'

and Val325 over the indicated time course. Fig. 3h shows a repre

sentative panel of DNA profiles of transiently transfected Saos-2

cells at 72 h posttransfection and a summary of the percentage of
cells at each stage of the cell cycle. Those cells transfected with wt
p53 or the hinge mutants have a significantly higher percentage of
cells in G, compared to the mutant Ala143 p53. This is consistent

with a G, arrest. It should be noted that there are cells in S phase
in all cases. This is due to the fact that the cells are transiently
transfected, and that the G, arrest in transfected cells is not
complete and irreversible. As seen in Table 2, overexpression of wt
p53, on average, caused more than twice the amount of apoptosis
at the 72-h time point in Saos-2 cells than the two hinge domain

mutants (19.83% apoptotic cells with wt transfection versus 8.95
and 8.52% apoptosis with Met305 and Val325 transfections). Also

noteworthy is the observation that the two hinge domain mutants
retained the G, arrest characteristics of wt p53 when nocodazole-
pretreated Saos-2 cells were electroporated with expression vectors
and cell cycle characteristics were observed over a 12-h period

(data not shown), giving more evidence that the hinge domain
mutants are impaired for apoptosis but not for cell cycle arrest.

The differences in the ability of the hinge domain mutants to initiate
apoptosis compared to that of wt p53 are also illustrated in Fig. 4.
Here we see that wt /;5J-transfected Saos-2 cells show both a signal

for p53 expression (Fig. 4A) and for DNA fragmentation, indicative of
apoptosis, through use of the TdT assay (Fig. 4B). The DAPI staining
of this cell (Fig. 4C) demonstrates the extent of DNA fragmentation
compared to that of the surrounding untransfected cells. Cells express
ing the hinge domain mutants, however, do not show positive staining
for the TdT assay over background levels (Fig. 4, Â£and H). The ratio
of apoptotic Saos-2 cells that are p53 positive:total number of p53-

positive cells was quantitatively assessed through confocal micros
copy, and these results are summarized in Table 3. wt p53 overex
pression resulted in a >3-fold increase in this ratio when compared to

that of the hinge domain mutants.

DISCUSSION

This study of two germ-line p53 mutants at codons 305 and 325
indicates a possible new regulatory domain for p53-mediated apop
tosis located in the hinge domain that connects the DNA-binding

domain to the tetramerization domain. Aberrant localization of the
two mutant proteins does not occur, based on the findings presented
here (measurable transactivation in Figs. \h and 2; nuclear staining in
Fig. 4) and on an earlier study on one of the p53 nuclear localization
signals that does lie within the hinge domain (residues 313-322; Ref.

28) that showed that only these residues are necessary for nuclear
localization. From the studies of both the core sequence-specific
DNA-binding domain and the tetramerization domain (14, 15), it is

evident that the hinge domain must remain flexible for there to be
proper alignment of the respective tetramerization motifs (residues
326-354; Ref. 15) of individual p53 polypeptides. Furthermore, mu

tations that affect the flexibility of the hinge domain may have adverse
effects on the conformational changes that the p53 tetramer is hypoth
esized to undergo on DNA binding and thus may hinder binding to
some sites such as the bax promoter, as seen in Fig. 2. One must
remember, however, that Bax may not be needed for p53-dependent
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Â±5.59
30.3911.39
15.6014.20143a43.66
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31.78 1 9.03
24.56 1 8.70vector36.1816.89

33.09 1 3.51
30.73 1 3.37

Fig. 3. Hinge domain mutants are impaired in their ability to induce apoplosis in Saos-2 cells, a, the p53-null cell lines Saos-2 and EB were transfectcd with an expression vector
containing the indicated p53 cDNAs. Samples were taken at the indicated time points and immunostained for p53 expression and DNA content as described in "Materials and Methods."

The samples were then sorted via FACS analysis. The cells were gated on the p53-positive (FITC-positive) population, and the percentage of apoptotic cells (with a sub-G, level of
DNA content) was determined from this gated population. These experiments were done at least three times with similar results. The averaged quantitative results of the Saos-2
experiments are shown in Table 2. â€¢¿�wt: ^, Met"15; M, Val"5; â€¢¿�.Ala141, b. DNA profiles of transfected Saos-2 samples taken from the 72-h time point are shown. The sub-G, DNA

population of cells of each profile is highlighted. The sub-G, profile in the wt transfection is more pronounced than that in any of the mutant transfcctions. The cell cycle characteristics
of the cells at this time point are shown below the profiles.

apoptosis in some instances (27), and that it is possible that the
transactivation of promoters of other p53-regulated genes involved in
the apoptotic pathway, such as insulin-like growth factor-binding

protein 3 gene (9), is also compromised. However, the concept that the

hinge domain mutations have rendered the molecule less flexible
seems an unlikely model based on the findings presented here, be
cause it is reasonable to expect that all or most of the p53-transacti-

vated genes involved in both the cell cycle arrest and the apoptotic
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Table 2 FACS Ã•/HÃ•Ã•/V.V/.Voj' suh-GÂ¡DNA content of transiently transfectetl Saos-2 cellx

Time
Posttransfeclion (h) wt p53 Vector Met305 Val 323 Ala143

24
48
72

3.28 Â±1.61
13.10 Â±4.47
19.83 Â±6.34

1.98 Â±0.2
4.19 Â±2.18
5.19 Â±2.8

2.32 Â±0.85
3.79 Â±3.51
8.95 Â±1.68

2.31 Â±1.65
4.51 Â±0.12
8.52 Â±2.61

2.01 Â±0.81
1.58 Â±0.01
4.78 Â±0.83

Fig. 4. Immunocylochemistry of transfected
Saos-2 cells. Transfected Saos-2 cells were immu-
nostained for p53 expression using the DO-1 pri
mary antibody and the TRITC-conjugatcd second
ary antibody (A. D, and G) and analy/.ed for DNA
fragmentation using a TdT assay involving the in
corporation of HTC-conjugated deoxynucleotides
to the 3' ends of fragmented DNA (B. Â£.and H}.

Total cellular DNA was counterstained with DAPI
(C, F, and /). The first row (A-C) shows the indi

rect immunofluorescence microscopy results of a
wt p53 transfection. whereas the second row (D-F)
and the third row (G-/) are the results from the
transfection of hinge domain mutants Met'05 and
Val'25, respectively. Arrows in the first column (A,

D, and G) indicate cells staining positive for p53
expression. The cell expressing wt p53 also con
tains fragmented DNA (ÃŸ)and consequent chroma-

tin abnormalities (C) that are absent in the cells
expressing the hinge domain mutants.

pathways would share similar affinities for p53. However, future
studies on possible differential p53 binding to promoters for apoptotic
genes compared to promoters for cell cycle arrest genes will require
investigation before conclusions about this model can be made.

Another, perhaps more attractive, model is that there are factors
specific for the p53-dependent apoptotic pathway that interact with
the hinge domain, and the germ-line mutations of this study have lost
this critical protein-protein interaction. Recently, there is some evi
dence for the existence of two subsets of the p53-mediated apoptotic
pathway: (a) a SST-dependent pathway: and (h) a SST-independent
pathway. Most previous studies have focused on the SST-dependent
pathway, studying genes that are activated directly by p53 (e.g., box',

Refs. 7-9, 23, and 26). In this study and in several recent studies
(7-9), there are instances in which p53 mutant proteins have retained

the ability to induce the transactivation of genes involved in the cell
cycle arrest pathway but have lost the ability to induce the transacti
vation of genes in the apoptotic pathway. There are also a few studies
that have given evidence for a p53-mediated SST-independent path
way. In these studies, it was found that mutants that failed to trans-

Table 3 Qutintitalitm of apoptoÃ±c Saos-2 cells

ExpressionvectorWl
p53Met""Val"5Ala143Ratio

ofapoptotic:total
p53-expressingcells121:32841:35638:32933:405%of apoptoticcells36.911.513.18.1

activate were still able to induce apoptosis (11, 29), indicating that
accessory factors are involved. The hinge domain is accessible to
interaction with other proteins, because an earlier study of the hinge
domain showed that it is highly sensitive to proteolytic degradation
(30). The accessibility of the hinge domain to protein factors is also
indicated by structural studies that showed that the hinge domain,
which is capable of spanning a distance of 100 A, links the core and
tetramerization domains at distances varying from only 10-40 A (15),

leaving a considerable amount of the hinge domain exposed to the
nucleoplasm. An intriguing recent study indicates that the DNA
helicases XP-B and XP-D, both components of the TFIIH transcrip

tion complex, bind to the carboxyl terminus of p53 and mediate the
p53-dependent apoptotic pathway (29). In this study, microinjection
of wt p53 protein into cell lines mutant for either XP-B or XP-D

resulted in little apoptosis, whereas coinjection of the wt forms of p53
and XP-B or XP-D substantially increased apoptosis. Furthermore,

microinjection of a peptide spanning residues 319-393 caused the

apoptosis of primary normal human fibroblasts in this study. It is also
noteworthy that wt />55-mediated p2lWAF1/CIPI induction proved to

be unaffected by the presence of mutations to endogenous XP-B or
XP-D genes, again indicating the differential regulation of apoptosis

and cell cycle arrest.
This study shows that the two germ-line-derived missense muta

tions in the hinge domain can significantly impair the apoptotic
response in cells without the loss of phenotypes associated with the
arrest of the cell cycle. This inability to elicit an efficient apoptotic
response presumably contributes to the predisposition of affected
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members of the LFS families to cancer. The interactions of the
respective mutant p53 proteins with apoptotic factors and how they
impair the p53-dependent apoptotic response as a whole remain to be

elucidated.
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