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Abstract  

Lysates derived from the fibroblasts of individuals who are homozygous 
for normal p53 or heterozygous for the germ-line p53 mutation charac- 
teristic of certain Li-Fraumeni cancer-prone families were assessed forp53 
function utilizing the binding of p53 protein to a p53-specific consensus 
oligonucleotide sequence. As expected, control nuclear lysates containing 
only mutant p53 or no p53 displayed little or no such binding. However, 
the nuclear lysates from heterozygous fibroblasts containing similar 
amounts of normal p53 and 245D mutant p53 displayed binding that was 
significantly below 50% of that seen with homozygous wild-type p53 in 
normal cell lysates. The nuclear lysates of these heterozygous or homozy- 
gous fibroblasts exhibited similar levels of DNA binding to a consensus 
oligonucleotide specific for the transcription factor, AP-1. These results 
indicate that mutant p53 has a transdominant effect on the binding of 
DNA by normal p53. These findings also suggest that p53 complexes 
formed in vivo that contain mutant p53 are functionally impaired even if 
normal p53 is also present in the complex. The implications of a trans- 
dominant effect of mutant p53 on the cancer-prone phenotype of individu- 
als heterozygous for mutated p53 in Li-Fraumeni families is discussed. 

Introduct ion 

The tumor suppressor gene p53 is frequently altered by somatic 
mutations in a wide variety of human neoplasms (1). Moreover, he- 

reditary susceptibility to cancer in a high percentage of families with 
LFS 2 and a very small fraction of certain other cancers have been 
demonstrated to have their basis in germ-line mutations of p53 (2--4). 

Introduction of mt p53 by transfection of cells containing wt p53, as 
well as in vitro characterization of the properties of wt and mt p53 
proteins, have indicated that certain mt p53 exert a transdominant 
effect on normal p53 (5-8). We have previously shown that when 
some of the germ-line associated mt p53 and wt p53 are concurrently 
synthesized in an in vitro translation system, mt p53 exerts a trans- 
dominant effect on wt p53 associated DNA binding and T-antigen 

binding (8). However, not all the inherited mt p53 proteins display 
such dominance, and assays analyzing the tumor suppressor activity 
of wt p53 actually suggest that the wt p53 is dominant over mt p53 (5, 

9). We have attempted to address this apparent discrepancy by exam- 
ining lysates derived from fibroblasts of individuals who are homo- 

zygous for wt p53 or heterozygous for 245D mt p53. The advantage 
of this analysis over those involving the introduction of exogenous 
p53 is that the levels of p53 expression are relatively constant; i.e., all 
cells express comparable levels of p53 irrespective of genotype. Thus, 
the heterozygote cells contain an approximately equal amount of wt 
p53 and mt p53 (10). Our findings indicate that the 245D mt p53 

displays transdominance over wt p53 in a functional assay (11) in- 
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volving specific DNA binding of p53. These results are consistent 

with a model of p53 action that involves the protein acting as a 

tetramer in DNA binding (7). Mixed complexes containing both mt 

p53 and wt p53 appear to be functionally impaired meaning that 

individuals who are heterozygous have p53 functional impairment that 

is disproportionly high relative to their level of expression of mt p53. 

Materials  and Methods  

Cell Lines. LFS fibroblasts 2673, 2674, 2675, 3335, 2852, and 3623 have 
been described previously (3, 12). Fibroblasts 196 (3), 2853 (derived from 
spouse of the individual, from whom 2852 was obtained), GM 05659B (Na- 
tional Institute of General Medical Sciences, human mutant cell repository, 
Camden, NJ), and IMR 90 (American Type Culture Collection, Rockville, 
MD) were used as unrelated control fibroblasts. The cervical cancer cell line 
HTB 31 containing only 273R mt p53 and osteosarcoma cell line Saos-2 
lacking p53 were obtained from American Type Culture Collection. 

Cell Nuclear Extracts. The cells were grown to 70-80% confluence in 
Eagle's Minimum Essential Medium containing 10% fetal bovine serum or the 
culture medium recommended by the supplier. Nuclear extracts were prepared 
as described (13). Both fresh and frozen (quick frozen in ethanol plus dry ice 
and stored at -80~ nuclear extracts were used in specific DNA-binding 
assay, the DNA-binding ability of p53 protein was not affected by quick 
freezing. The total protein concentrations were estimated by spectrophotom- 
etry using Bio-Rad protein assay reagent (Bio-Rad Laboratories). 

Biosynthetic Labeling and Immunoprecipitation of p53 Protein. Cells 
were grown to 70-80% confluence and were metabolically labeled with [35S]- 
methionine as described earlier (10). Immunoprecipitation of p53 protein from 
total cell lysate was performed using procedures described earlier. Equal tri- 
chloracetic acid-precipitable cpm of either total cell extracts or nuclear extracts 
were immunoprecipitated using 20/xl of p53 monoclonal antibodies Ab2, Ab3, 
or Ab5 (Oncogene Science, Inc.) and 50 txl of 2.5% protein-A Sepharose 
(Pharmacia) in a buffer containing 10 mM Tris-HCl (pH 8.0), 140 mM NaC1, 
0.5% Nonidet P-40. The immunoprecipitated proteins were further processed 
and analyzed as described previously (10). 

Oligonucleotide and p53.specific DNA-binding Assay. Ap53-specific 20 
mer oligonucleotide 5'-GGACATGCCCGGGCATGTCC-3' (11) was synthe- 
sized. The oligonucleotide was purified by separating on a 20% polyacryl- 
amide gel containing 1 • Tris borate EDTA and eluting into sterile water from 
the gel. A double strand of the above palindromic oligonucleotide was created 
by heating the oligonucleotide and cooling slowly to room temperature. The 
double-stranded oligonucleotide was labeled using [T-32p]ATP and T4 poly- 
nucleotide kinase and separated from free isotope using NACS PREPAC 
column (GIBCO BRL, Gaithersburg, MD) as instructed by the supplier. The 
DNA binding was essentially performed as described by Funk et al. (11). 
Specific DNA-binding reactions of 1 • 105 cpm labeled oligonucleotide, 
nuclear extracts containing 10/.zg of total protein, 0.5/xg of sonicated salmon- 
sperm DNA, with or without 2/xl of pAb 421 (Oncogene Science, Inc.) in a 
total volume of 30/xl of binding buffer, were incubated at room temperature 
for 20 min. The products were separated on native polyacrylamide gels (4%; 
1 • Tris borate EDTA) at room temperature. The gels were dried and exposed 
to X-ray films. The originally described p53-specific consensus sequence, PG2 
(14), as well as a recently reported p53-specific oligonucleotide binding se- 
quence 5'-TGGTACAGAACATGTCTAAGCATGCTGGG-3' from GADD45 
gene (15) were also tested following a similar procedure. 
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Results and Discussion 

A standard assay for tumor suppressor activity is the introduction of 
DNA encoding the putative tumor suppressor in tumor cells and 
assessing the reversion of the transformed phenotype. Often these 
types of experiments result in an abnormal expression of the exog- 
enous protein. Moreover, these experiments are dependent upon a 
dominant effect of the exogenous protein over its cellular counterpart. 
While this is a valid means of evaluating whether a given protein has 
tumor suppressor activity, it is difficult to extrapolate from this type of 
experiment to a cell which contains equivalent levels of mutated and 
normal protein as would be expected in cells heterozygous for a 
mutated tumor suppressor protein. 

We (3) and other (2, 4) have established that the molecular basis for 
the defect in a number of cancer-prone families with LFS is a germ- 
line mutation in the tumor suppressor gene p53. We have further 
shown that when wt p53 and a germ-line 245D mt p53 (3) are 
concurrently synthesized in vitro, the mt p53 displays a transdominant 
effect on wt p53 biochemical functions as judged by assays involving 
DNA binding and binding to T-antigen (8). To extend these findings to 
in vivo synthesized p53, we have utilized skin fibroblasts from indi- 
viduals in a LFS family (3, 10) who are either homozygous for wtp53 
or heterozygous for wt p53 and the 245D mt p53. The nuclear extracts 
of LFS family fibroblasts derived from the proband (cell line 2675), 
his brother (cell line 2674), and their father (cell line 2673) and one 
of their aunts (cell line 3335) containing the wt and 245D mt p53 
proteins, as well as the nuclear extracts of fibroblasts from the other 
aunt of proband (cell lines 2852 and 3623) containing only wt p53 
proteins, were analyzed for binding to a 32p-labeled 20 mer oligo- 
nucleotide representing a p53 consensus DNA-binding sequence (11). 
Since nuclear extracts used here contained low levels of naturally 
expressed p53, in an electrophoresis mobility shift assay the p53- 
specific oligonucleotide binding was detectable only by a super- 
shifted band in the presence of anti-p53 antibody, pAb 421 (Fig. 1, 
Lane 4). The band representing a nonspecific mobility shift seen here 
in the presence or absence of pAb 421 (Fig. 1, Lanes 3-8) has also 
been reported by other investigators (11). There was no detectable 
band shift, specific or nonspecific in Lane 2 (Fig. 1) with pAb 421 
only. The absence of a pAb 421 supershifted band in nuclear extracts 
of the osteosarcoma cell line, Soas-2 lacking p53 (Fig. 1, Lanes 5 and 
6) or in the extracts of the cervical carcinoma cell line, HTB 31 
containing only 273R mtp53 (Fig. 1, Lanes 7 and 8) further confirmed 
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that the pAb 421 supershifted band was due to the wt p53-specific 

binding to the p53 consensus oligonucleotide. The nuclear extracts 

from LFS fibroblasts with wt and 245D p53 (cell lines 2673, 2674, 
2675, and 3335) exhibited 85-95% inhibition in their sequence-spe- 
cific DNA binding in comparison to the fibroblasts from one indi- 
vidual in the same family containing only wt p53 (cell lines 2852 and 
3623) (Figs. 2A, Lanes 1-8, and 4). Under similar experimental con- 

ditions lysates from these heterozygous and homozygous fibroblasts 
exhibited comparable DNA binding to a consensus oligonucleotide to 
which transcription factor, AP-1 (16), binds (data not shown). The 
LFS family of fibroblasts analyzed here expressed similar quantities 

of the p53 proteins in cell lines 2852, 2674, and 2675 (Fig. 3A), as 
well as in cell lines 2673, 2853, 3335, GM 05659B, IMR 90, and 196 
(Ref. 10; data not shown) reassuring that the reduced p53-specific 
DNA binding in LFS fibroblasts with wt and 245D mt p53 as com- 
pared to the fibroblasts with only wt p53 was not due to major 
differences in the levels of p53 proteins. Additionally, p53-specific 
DNA binding in the lysates of fibroblasts with only wt p53 was not 
inhibited by nuclear extracts of fibroblasts with wt and 245D mt p53 
when equal amounts of the two nuclear extracts were mixed. These 
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Fig. 1. Detection of p53-specific DNA binding in fibroblasts expressing low levels of 
endogenous wt p53. Twenty-mer oligonucleotide (11)was end-labeled with 32p and used 
in specific DNA-binding reactions, pAb 421 (Oncogene Science, Inc.) was included in 
reactions of Lanes 2, 4, 6, and 8. Nuclear extracts of cell lines 2852 (Lanes 3 and 4), 
Soas-2 (Lanes 5 and 6), and HTB31 (Lanes 7 and 8) were added in the DNA-binding 
reactions, while no nuclear extract was added in the reactions of Lanes 1 and 2. NS, the 
band from a nonspecific mobility shift of the labeled oligonucleotide. S, p53-specific 
supershifted band induced by pAb 421. 

Fig. 2. A, severely reduced p53-specific binding to a consensus oligonucleotide se- 
quence in LFS fibroblasts with wt/245D mtp53:2673 (Lanes 3 and 4), 2674 (Lanes 5 and 
6), and 2675 (Lanes 7 and 8) in comparison to LFS fibroblasts with wt/wt p53:2852 
(Lanes 1 and 2). pAb 421 was used in Lanes 2, 4, 6 and 8 and not used in Lanes 1, 3, 5, 
and 7. NS, nonspecific mobility shifted bands of labeled oligonucleotide. S, p53-specific 
supershifted bands induced by pAb 421. B, mixing of nuclear extracts of 2852 and 2674 
established that reduced p53-specific oligonucleotide binding in LFS fibroblasts was not 
due to a "cellular inhibitor" in the LFS fibroblasts, pAb 421 were included in Lanes 2, 4, 
and 6 and not used in Lanes 1, 3, and 5. Nuclear extracts containing 10 p,g of total protein 
from cell lines 2852 (Lanes I and 2) and 2674 (Lanes 3 and 4) were used in the binding 
reactions. Lanes 5 and 6 represent DNA binding from a mixture of same amount of nuclear 
extracts from 2852 and 2674 (10/xg + 10/.Lg protein). 

4453 

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/53/19/4452/2451614/crs0530194452.pdf by guest on 19 M

ay 2023



D O M I N A N T  N E G A T I V E  EFFEUI" OF A G E R M - L I N E  M U T A N T  P53 A 
Cell line 

p53Ab2 

NS -~ 

p53 ~-~ 

2852 2674 26 75 
- -  "tl, 

1 2 3 4 5 6 

�9 ~i~ �9 

1 2 3 4 5 6 7 

wt p 5 3 - -  i " w t  p53 

Fig. 3. A, comparable levels of p53 in LFS fibroblasts; immunoprecipitation of p53 
protein by pAb 1801 in nuclear extracts of LFS fibroblast cell lines 2852 (Lane 2), 2674 
(Lane 4), and 2675 (Lane 6). Lanes 1, 3, and 5, control immunoprecipitation for 2852, 
2674, and 2675, respectively, without anti-p53 antibody. B, analysis of wt and mt p53 in 
LFS fibroblasts. Immunoprecipation of [35S]methionine-labeled p53 protein in total cell 
lysates of a control fibroblast cell line, 196 (Lanes 1-3) and a LFS family fibroblast cell 
line, 2674 (Lanes 4-7). wt p53-specific monoclonal antibody pAb 1620 (Lanes 3 and 7), 
mtp53-specific antibody pAb 240 (Lanes 2 and 6) and pAb 1801 recognizing both wt and 
mt p53 protein (Lanes 1 and 5) were used for p53 immunoprecipitation, pAb 416 
(anti-T-antigen Ab2, Oncogene Science, Inc.) was included as a negative control (Lane 4). 
Bands specific to wt p53 or mt p53 and nonspecific bands (NS) in the immunoprecipitates 
are clearly identified. 

results suggested that no intrinsic inhibitory factor was present in the 
lysates showing very low levels of the p53-specific DNA binding (Fig. 
2B). 

The differences of sequence-specific DNA binding by p53 among 
the normal control cell lines are not due to experimental variability 
(Fig. 4). The amount of p53 in each cell line is comparable in six 
normal cell lines reported here. Although the observation is made in 
a small number of normal cell lines, it seems to indicate that sequence- 
specific DNA binding by p53 probably varies from cell line to cell 
line. Taken this variablility into consideration, the differences between 
the normal and heterozygous group on the average is still clearly 
significant. The fibroblasts with wt p53 or wt/mt p53 from the siblings 
in the family under study may represent a more valid comparison as 
these cells should exhibit less variation in other unknown factors as 
compared to genetically unrelated control fibroblasts. In a number of 
experiments the p53-specific DNA binding in a fibroblast line (2673) 
from one individual in the family with wt/mt p53 was over 95% 
inhibited as compared to the fibroblasts (2852) of his sibling with 
wt/wt p53. Moreover, fibroblasts (2674 and 2675) derived from two 
sons of the individual exhibiting impaired DNA binding also showed 
over 95% inhibition in their p53-specific DNA binding. 

In normal skin fibroblast line, 2674 from an individual in the LFS 
family [designated VI-4 in the family pedigree (3, 10)], the wt and mt 
forms of p53 can be distinguished by gel electrophoresis owing to a 
normal polymorphism at an unrelated site (codon 72) (10). Using 
anti-p53 monoclonal antibodies specific for either the wt or the mt p53 
protein phenotype, we observed that 60--75% of the wt-specific band 
(Fig. 3B, Lane 6) was recognized by the mtp53-specific antibody pAb 
240, suggesting for interaction of the wt and mt p53 and possible 
conversion of wt p53 conformation into a mt conformation (6, 8). 
Under similar experimental conditions no mutant p53-specific band 
was observed by pAb 240 in a control fibroblast cell line, 196 con- 
taining only wt p53 protein (Fig. 3B, Lane 2). Furthermore, mt p53- 
specific band in LFS family NSFs, 2674 was recognized quantita- 
tively by pAb 240 (Fig. 3B, Lane 6). Although loss of wt p53 

phenotype in LFS fibroblasts expressing wt and 245D mt was not as 
complete as seen in in vitro cotranslation lysates containing similar 
level of these two proteins (8), we have reproducibly detected a partial 
but significant detection of wt-specific band by the mt p53-specific 
antibody. Thus, these results on significant impairment of DNA bind- 
ing and significant loss of wt p53 recognition by wt-specific antibody 
in LFS fibroblasts expressing wt and 245D p53 confirm the observa- 
tions utilizing in vitro translation lysates (8). 

Although three of the fibroblasts from normal group, 196, 2853, 
and GM 05659B (see "Materials and Methods"), exhibited 30--40% 
less p53-specific DNA binding as compared to 2852 (Fig. 4), these 
fibroblasts still exhibited 3-4-fold higher p53-specific DNA binding 
in comparison to LFS fibroblasts (Fig. 4). However, the IMR 90 
fibroblasts previously reported to harbor wt p53 and no detectable 
p53-specific DNA binding (11) showed only a low level of p53- 
specific DNA binding in our hands also. The reasons for a low DNA 
binding in IMR 90 is not clear at this point. Since LFS fibroblasts, 
2852 with wt p53, exhibited unusually high levels of p53-specific 
DNA binding, we wanted to ensure that this was not due to a cell 
culture artifact or due to alteration in p53 sequence. We ruled out the 
cell culture artifact by showing similar levels of DNA binding with 
another isolate of skin fibroblasts, 3623 derived from the same indi- 
vidual from whom 2852 was obtained (Fig. 4). Although p53 gene 
derived from 196 and 2852 did not exhibit sequence alteration be- 
tween codons 127 and 307 (3, 10), we did not know the status of 
carboxy terminus of p53 which has been recently shown to positively 
modulate the p53-specific DNA binding (17). Thus, we determined 
the nucleotide sequence between codons 290 and 393 of p53 comple- 
mentary DNAs derived from 2852, 196, with wt p53 as well as the 
NSFs 2673, 2674, and 2675 with wt p53, as well as 245D mutation. 
We did not detect any sequence alterations between codons 290 and 
393 of these fibroblasts (data not shown). Thus the very low p53- 
specific DNA binding detected in the LFS fibroblasts reported here 
correlates with the presence of the germ-line 245D mt p53. If mt p53 
did not influence the wt p53-specific DNA binding one would expect 
about 50% of the p53-specific DNA binding in extracts of LFS fibro- 
blasts with heterozygous p53 mutation as compared to fibroblasts with 
only wt p53. However, this was not the case and very little p53- 
specific DNA binding in LFS fibroblasts suggested that the sequence- 
specific DNA binding of wt p53 was inhibited by the germ-line 
associated 245D mt p53. Similar results were also seen for p53- 
specific DNA binding sequence derived from GADD45 gene (15) 
(data not shown). However, the originally described p53 consensus 
oligonucleotide sequence, PG2 (14), did not exhibit detectable binding 
to p53 under these assay conditions. 
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Fig. 4. Comparison ofp53-specific DNA binding properties in different cell lines. The 
sequence-specific DNA binding abilities of different cell lines were compared with that of 
cell line, 2852 (as 100). GM, cell line GM 05659B. The assays for DNA binding were 
essentially the same as described for Figs. 1 and 2. The results reported here represent an 
average of at least three similar independent experiments for each cell line. 
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Recent  observations from other investigators on p53 protein struc- 

ture has suggested that p53 protein exists in tetramer conformat ion 

(18). The results reported here provide support for t ransdominant  

effects of  mt p53 via wt and mt p53 interactions in vivo. A defect  in 

the wt p53-specific D N A  binding in cells due to an inherited dominant  

mt p53 is likely to produce some biochemical  defect(s),  which might  

serve as initiators in abrogating wt p53-mediated pathways.  Since 

p53-binding sequences have been shown to mediate  transcriptional 

transactivation or transrepression of  promoters  derived f rom several 

growth related genes, a defect  in p53-specific D N A  binding might  be 

reflected in altered expression o f  certain genes in cell growth regula- 

tory pathways (7). However,  recent experiments  describing N-pho-  

phoacetyl-L-aspartate-induced CAD gene amplification in LFS fibro- 

blasts derived from other LFS families have shown that only those 

rare fibroblast derivatives which  lack wt p53 exhibit N-phophoacetyl -  

L-aspartate-induced CAD gene amplification and the fibroblasts with 

germ-l ine mt p53 and wt p53 exhibited a response similar to those of  

normal  cells in this assay (19, 20). These rare LFS fibroblasts variants 

containing only mt p53 unlike NSFs with wt and mt p53 have also 

been shown earlier to be susceptible to transformation by an activated 

H-ras oncogene  (21). The recently discussed role of p53 in cell cycle  

checkpoints  (15) does suggest  that significantly reduced p53 activity 

in permissive constitutional cells of  an individual may  adversely affect 

D N A  repair processes as a result of  exposure to D N A  damaging agent 

during the life o f  this individual. It is possible that biochemical  alter- 

ations detected here might  not be apparent with currently available 

assays at cellular level in constitutional cells, since LFS fibroblasts 

used here do exhibit properties associated with normal  cells. At this 

point one cannot rule out the possibility that residual wt p53-associ- 
ated D N A  binding activity in the LFS fibroblasts may  be sufficient to 

give them a normal  cellular phenotype.  However,  a severely sustained 

defect  in p53 biochemical  activity in a permissive cell might set the 

stage for further genetic  alterations such as mutations in other 

oncogenes/suppressor  genes, as well  as the loss of  wt p53. Thus, it is 

conceivable  that only a combinat ion of  p53 dysfunct ion and some 

other b iochemical  alteration is apparent at cellular level. Nevertheless,  

a p53-associated biochemical  defect  might  provide a risk factor which  

is incompatible  with a normal cellular phenotype in long term. In- 

hibitory effects of  the mt p53 on the biochemical  activity o f  wt p53 
has been suggested as the possible basis for the selections of  such 

mutants  during tumor development  (14). Since both p53 null mice 

(22) and individuals belonging to LFS families with germ-l ine p53 
mutations (4) exhibit similar biological manifestat ions in terms of  

increased susceptibility to tumorigenesis,  we propose that transdomi- 

nant inhibitory effects of  245D mt p53 and similar germ-l ine mt p53 
on wt p53 prior to the loss of  wt p53 might  provide one of  the 

mechanisms  which predisposes the LFS family members  at high risk 
of cancer. 
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