
sequences. However, since the reversion rate in retroviral replication of such a 4-bp 
insertion is lower than 10-'per msertion ( 5 ) ,  this explanation is unlikely. Different 
markers in the nvo US reglons may also result from mismatch repair of either the 
5'  US or the 3' US region. If the 5' U5 regon experienced the repair and resulted 
in a different marker than the 3' US region, then the minus suand transfer had to 
be ~ntermolecular (from WH204 RNA to WH13 RNA) to form the 3' LTR. 
Suppose the minus strand strong stop DNA synthesis of \ W 1 3  RNA never 
initiated. As a result u5 and pbs were intact. Then ~t was possible for the minus 
strand DNA synthesis to continue and copy the U5 marker of WH13 (Bani HI) .  
M e r  con~pletion of DNA synthesis and repar, the Bam H I  marker remained in the 
5' US and resulted in different markers In the nvo US regions. It is also posslble 
that the 3' US region was repaired to a different marker. Then the minus strand 
strong stop transfer had to be mtramolecular (from WH13 to WH13) to result in 
the 5'  WH13-like LTR. Suppose a strand displacement event occurred at the end 
of the 3' LTR and formed a mismatch at the 3' US: the minus strand DNA 
contained a Bam H I  site and the plus strand contained a Cla I site from the 
displaced fragment. After repair, the Cla I marker remained and resulted in the two 

dfferent US markers. It is most likely that the d~fferent markers in the nvo US 
sequences were generated from mismatch repair of one of the LTR's. However, it 
is not clear whch pathway generated this recombinant prowrus. 

27. Fisher's exact test was calculated with 21 recombinants. The recombinant with two 
different markers in the U5 was not included because it is not clear which type of 
minus strand transfer was used. Calculation including this sanlple was also 
performed, and the result indicated the distribution st~U is not random. 
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Germ Line p53 Mutations in a Familial 
Syndrome of Breast Cancer, Sarcomas, 

and Other Neoplasms 

Familial cancer syndromes have helped to define the role 
of tumor suppressor genes in the development of cancer. 
The dominantly inherited Li-Fraumeni syndrome (LFS) 
is of particular interest because of the diversity of child- 
hood and adult tumors that occur in affected individuals. 
The rarity and high mortality of LFS precluded formal 
linkage analysis. The alternative approach was to select 
the most plausible candidate gene. The tumor suppressor 
gene, p53, was studied because of previous indications 
that this gene is inactivated in the sporadic (nonfamilial) 
forms of most cancers that are associated with LFS. Germ 
line p53 mutations have been detected in all five LFS 
families analyzed. These mutations do not produce 
amounts of mutant p53 protein expected to exert a 
trans-dominant loss of function effect on wild-type p53 
protein. The frequency of germ line p53 mutations can 
now be examined in additional families with LFS, and in 
other cancer patients and families with clinical features 
that might be attributed to the mutation. 

N 1969, LI AND FRAUMENI REVIEWED MEDICAL RECORDS 

and death certificates of 648 childhood rhabdomyosarcoma 
patients and identified four families in which siblings or cousins 

had a childhood sarcoma (1). These four families also had striking 
histories of breast cancer and other neoplasms, suggesting a new 
familial cancer syndrome of diverse tumors (Li-Fraumeni syndrome; 
LFS). Recently completed prospective studies have confirmed the 

high risk in family members of the tumor types that comprise LFS 
(2). Since the original description of the sy~~drome, systematic 
studies and anecdotal reports have confirmed its existence in various 
geographic and ethnic groups (3). The spectrum of cancers in the 
syndrome (Table 1) has been determined to include breast carcino- 
mas, soft tissue sarcomas, brain tumors, osteosarcoma, leukemia, 
and adrenocortical carcinoma. Possible component tumors of LFS 
are melanoma, gonadal germ cell tumors, and carcinomas of the 
lung, pancreas, and prostate (4, 5 ) .  These diverse tumor types in 
family members characteristically develop at unusually early ages, 
and multiple primary tumors are frequent. 

To test the hypothesis that the Li-Fraumeni syndrome has a 
genetic etiology, Williams and Strong (5) applied segregation 
analysis and demonstrated that the observed cancer distribution in 
families best fit a rare autosomal dominant gene model. This model 
also predicted that the probability, for the families at risk, of 
developing any invasive cancer (excluding carcinomas of the skin) 
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& F E W E  WmH CANCER, DECE4SED 1  

MALE, NO CANCER 

@ 5 PERSONS OF EmHER SEX 1 6 

I I 
248 GERMLINE MUTATION AT CODON w t 

OF ONE p53  ALLELE 

w t  WILD-TYPE p 5 3  ALLELE 

248/- LOSS OF WILD PLLELE IN TUMOR 
248/wt 248/wt 

FAMILY 1 

Fig. 1. Abr~dgcd pcdigrecs of five 
families with Li-Fraumcni svn- - 
drome. Three affected (11-2, 11-3, 
111-2) and nvo unaffected (1-1, 1 
age 57; and 111-5, agc 5) mem- 
bcrs of family 1 have a germ line 
mutation at codon 248 of one l l  
p53 aUclc (248/wt), whereas an- 
bthcr blood relat~ve and nvo 
soouses are ~ l d  t\uc (\vr/wt). 
0 n c  mcmbcr each'* fklily 2 
(11-6), 3 (111-2), 4 (111-3), and ill 
family 5 (111-1) has a germ line 245/wt 
mutatioll at onc allclc of codons 

- 
245'- 

258, 245, 248, and 252, rcspcc- FAMILY 3 
tively. Tumor spccirncns of thc 
singlc cases in fanlilies 2 and 3 show loss of the remaining wild-typc allclc 
(2581- and 2451-, rcspccti\~cly). In family 1, 11-2 dcvclopcd unilateral breast 
carcinoma at age 30; 11-3, bilateral brcast carcinoma at 28; 111-1, soft tissuc 
sarcoma at agc 1 and ostcosarcoma at agc 8; and 111-2, brain tumor at age 5. 
In family 2, 1-2 dcvclopcd carcinoma of ampula of Vatcr at age 47 and 
bladdcr carcinoma at age 53; 11-4, ovarian germ cell carcinoma at age 16; 
11-5, soft tissuc sarcoma at age 21; 11-6, unilateral brcast carcinoma at age 34; 
111-3, osteosarcoma at agc 20; 111-4, brain tumor at age 16. In family 3,II-1, 
developed soft tissuc sarcoma at age 58; 111-1, ostcosarcoma at age 11; and 

reaches almost 50 percent by age 30, when only 1 percent of the 
general population has developed cancer ( 6 ) .  More than 90 percent 
of the gene carriers would develop cancer by age 70. While the 
syndrome has thus been characterized statistically, identification of 
the gene and the mechanisms for the striking cancer predisposition 
has been elusive. 

Difficulties in cloning the LFS gene arose from a number of 
restrictions placed on traditional methods. The accuinulation of 
informative tissue specimens and data has been hampered by the 
rarin. of the syndrome, by the high mortality among affected 
individuals, and by lack of an unambiguous definition of the 
syndrome. In addition, the cancers in relatives without the gene 
often cannot be distinguished from cancers associatcd with the gene. 
Linkage studies and searches for constitutional karyotypic alter- 
ations in patients with LFS have failed to specify the chromosomal 
region on which to focus. Furthermore, these families do nor have 

FAMILY 2 

FAMILY 4 FAMILY 5 

111-2. osteosarcoma at age 19. In family 4, 1-1 developed bilateral brcast 
carcinoma at age 68; 1-2, melanoma at age 54; 1-3, utcrinc carcinoma at agc 
66; 11-2, mclanoma at agc 45 and brain tumor at age 52; and 111-3, soft tissue 
sarcoma at age 5 and ostcosarcoma at age 21. In family 5, 1-1, dcvclopcd a 
brain tunlor at age 26; 11-2, bilateral breast carcinoma at age 27; 11-3, brain 
tumor at age 38; 111-1, soft tissuc sarcoma at age 2, osteosarcoma at age 15, 
and u~ilatcral breast carcinoma at age 32; 111-3, osteosarcoma at age 22; 
111-4, leukemia at age 17, and osteosarcoma at age 18; and 111-7, brain tumor 
at agc 9. 

the cancers in selected series of LFS families. Furthermore, trans- 
genic mice carrying a mutant p53 gene have an increased incidence 
of osteosarcomas, soft tissue sarcomas, adenocarcinomas of the lung, 
and adrenal and lymphoid turnors (12). These tumors all have been 
noted in families with LFS. We therefore decided to test whether 
families with LFS car? germ line p53 gene mutations. 

Germ line p53 gene mutations in LFS families. Ski11 biopsies 
were obtained from three aEected and five unaffected relatives in 
family 1 (see Fig. 1). Their fibroblasts were grown in short-term 
culture, and DNA was extracted by standard techniques (13). The 
polymerase chain reaction (PCR) was used to amplifq. the genomic 
region encoding exons 5 through 8 of the p53 gene (14). This 
segnlent contains a majority of the consenred domains and most of 
the mutations found in sporadic tumors (10, 15). The primers used 
for amplification were designed to contain Eco RI sites at their 5' 
ends so that the 1685-bp amplified fragment could be subcloned for 

an j~  precancerous conditions or associated malformation syndromes sequencing. Multiple primers were then used to sequence the entire 
such as aniridia, which was useful in mapping the Wilms tumor gene genomic region on both strands (16). Each sequencing reaction was 
(WT1) to chromosome 1 lp13 (7). Because of these difficulties, we repeated on multiple clones. Three members in family 1 (11-1, 11-4, 
targeted potential candidate genes for study. &d 11-6) have the wild-type p53 sequence in six out of six clones 

The class of genes most strongly associated with familial tumors (Table 2). These individuals are considered to carry nvo wild-type 
has been the tumor suppressor genes. The first tumor suppressor p53 alleles and have no evidence of tumors. DNA from separate 
gene to be cloned, the retinoblastoma gene (Rb) (8), seemed an clones representing the five other family members contained both 
unlikely candidate for a germ line mutation in LFS because retino- wild-type p53, and p53 with a C to T mutation at the first 
blastoma has not been observed in these families. The second tumor nucleotide of codon 248. These individuals are considered to carry 
suppressor gene to be recognized was p53, located on the short arm both a wild-npe and a mutant p53 allele in their fibroblasts. Even 
of chromosome 17, band p13 (9) Inactivating mutations of p53 though several polymorphisms have been identified in the p53 gene 
have been associated with sporadic osteosarcomas, soft tissue sarco- (17), none has been detected in the five consewed dolllains (10, 11, 
mas, brain tumors, leukemias, and carcinomas of the lung and breast 15, 18). These findings are derived from the sequencing of the p53 
(10, 11). Together, these tumors also account for morethan half of gene in more t h a n  150 sarnples of the DNA extracted from 
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constitutional cells (10). The codon 248 mutation, which changes 
an arginine to tryptophan, occurs within conserved region IV that 
spans codons 234 to 258 (boxed area, Fig. 2). It has been shown 
that it is not a polymorphism; in fact, it is the most common p53 
mutation in sporadic tumors studied to date (10, 11, 18). The three 
affected individuals tested in this family have the codon 248 
mutation. The unaffected grandfather (1-2) and his granddaughter 
(111-5) also carry the codon 248 mutation and are carriers predicted 
to be at high risk of developing cancer. 

Mutations in the p53 gene are documented to occur in the 
establishment of cells in long-term culture (19, 20). Thus, during in 
vitro passage of the LFS fibroblasts, the p53 gene might have 
acquired changes not present in the germ line. Although it is 
extremely unlikely that all five fibroblast lines acquired the codon 
248 mutation, we collected blood from two of the individuals in this 
family (11-2 and 11-3) who have breast cancer and also one mutant 
p53 allele in their fibroblasts. DNA was extracted from their 

Table 1. Cancers in 43 families with Li-Fraumeni Syndrome (LFS), by 
tumor type and age at diagnosis. All families were ascertained through a 
proband with sarcoma, who is excluded from the tabulations. 

Age at diagnosis (years)* 
Tumor type 

0-14 1544  >44 All ages 

Component tumors of LFS 
Breast carcinoma 0 49 11 60 
Soft tissue sarcoma 13 12 4 29 
Brain tumors 12 15 1 28 
Osteosarcoma 6 6 2 14 
Leukemia 8 4 2 14 
Adrenocortical carcinoma 5 0 0 5 

Possible component tumors of LFS 
Lung carcinoma 0 7 12 19 
Prostate carcinoma 0 0 8 8 
Pancreas carcinoma 0 1 6 7 
Melanoma 0 1 2 3 

iymphocytes after four passages in tissue culture. Lymphocytes from Other tumors 
both sisters have a C to T mutation at the first nucleotide of codon ~ o l o r e c t d  carcinoma 1 3 4 8 
248 (Table 2). This is the same mutation found in fibroblasts of Lymphoma 0 5 1 6 
these patients. Stomach carcinoma 0 3 1 4 

To support the hypothesis that this p53 mutation represents a Other 5 13 8 26 

germ line mutation and not artifact of PCR, we studied segregation All cancers 

of the p53 chromosome region in family 1. We used YNZ22.1, a 50 119 62 231 

highly polymorphic DNA sequence on chromosome 17p that *only k t  cancer was counted in patients with multiple mars. 

A F O ~ ~ Q  r 
A G C T A G C T  

Fami/v2 
A G C T A G C T  

- - 
r -CI . . 

# '- - 

Faml& 3 
A G C T A G C T  A G C T A G C T  

-- Fuml& 4 
' - - ~ t - ~ r n u t ~  A G C T  A G C T  -wt --"mut--' 

... - a". 
4 

- 
., - 

B -- 
A G C T A G C T  

sense ont isense 

Fig. z. (A) Position of p53 gene mutations for 
families 1 to 5. Sequencing of the region spanning 
exons 5 through 8 was performed as dcscribcd (161. 
The region in which aU obsenred mutations occurred 
is shown. The boxed-in segment From codons 234to 
258, inclusive, identifies conserved repon IV (75). 
Each panel demonstrates the particular point muta- 
tion within the codon relative to its position within 
the rest of the surrounding sequence; UT refers to the 
wild-- clone sequenced, and "mut" refers to the 
mutant clone sequenced. The sequences are read from 
bottom to top. The letter within a circle identifies the 
amino acid to which the corresponding wild-type 
amino acid is switched as a rcsult of the base-pair 
change. In each of these samples, no other p53 gene 
mutations were identified. It should be noted that in 
codon 249, base-pair compression occurs causing 
two guanine residues to appear as one band. (B) 
Conformational changes incurred by the point muta- 
tion in codon 248 open up this compression, revcd- 
ing the true wild-type configuration at 249. Sequenc- 
ing of the reverse strand of the wild-type clones 
reveals the two expected distinct cytosine residues 
(29). Sequencing of both strands confirms the gua- 
nine-guanine compression at codon 249. Abbrevia- 
tions for the amino acid residues are: G, GI!; C, Cvs; 
R, Arg; W, Trp; L, Leu; P, Pro; E, Glu; K, Lvs. 
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Fig. 3. DNA (Southern) W r n Y ' U N ? ~  
gel blot analysis. Hybrid- ~ & & w & & H H  
ization of the variable - I >  -- 
number tandem repeat 1929- 
(m) pornrphic 
probe YNZ22.1 to ge- Ir - 5 
nomic DNA from the 1371 - - - 4 
eight manbets of tsmily 1 '264' 
indicated. A hBstE 11 a3 
DNA molecuhr marker is "Xr: -2  

- 1 
shown in the fim lane. 702- Numerical indning of the 
VNTR alleles is indicated 
on the nght. 

identifies variable number tandem repeat (VNTR) sequences (21). 
DNA from the eight members of family 1 was digested with Hid1 
and, after DNA (Southern) blot transfer, was hybridized to the 
YNZ22.1 probe (22). Five polymorphism for the YNZ22.1 allele 
were present in this family (Fig. 3). Alleles were numbered from 1 
through 5 according to size. Five individuals whose constitutional 
DNA contains a mutant p53 gene all carry the YNZ22.1 allele No. 
3 (Table 2). This demonstrates the co-segregation data confirm that 
co-segregation of this YNZ22.1 allele and the mutant gene in the 
W y .  The segregation data con6cm members from three gener- 
ations of family 1 have the identical germ line p53 gene mutation. 

We next examined four additional LFS families (Fig. 1, families 2 
through 5) fbt germ line p53 gene mutations. In family 2, lympho- 
cytes and a portion ofthe breast cancer were available from member 
11-6. DNA encdng exons 5 through 8 of the p53 gene was first 
amplified from the lymphocytes. Mutation of a G to an A at the first 
nudaotide of codon 258 was found in three of four clones. This 
results in a switch h m  a glutamic acid to a lysine at this residue. 
(Table 2 and Fig. 2). This mutation apparently has not been noted 

as a polymorphism (10, 11, 18). All six clones containing DNA 
amplified from the breast cancer had the same mutation at codon 
258 of the p53 gene. This .qgests that a mutant p53 allele is 
present in this patient's constitutional cells, and that the breast 
cancer cells lost the rrmaining wild-type p53 allele. Because the 
DNA of this patient was uninformative for two p53 polymorphic 
markers and uninformative for the YNZ22.1 allele, it is ~Wcult to 
confirm that the cells in the breast tumor had no remaining 
wild-type p53 protein (20, 21). 

Osteowcoma cells, normal tissue adjacent to the tumor, skin 
fibroblasts were obtained h m  individual 111-2 in family 3. Both the 
adjacent normal tissue and skin fibroblasts had a mutation of a C to 
a T at the first nudeotide of codon 245, which results in cysteine 
replacing the glycine at this position. The same mutation was fbund 
in three offbur dona  analyzcd h m  the individual's ostemaccoma. 
In this case, the YNZ22.1 polymorphic probe was informative and 
showed a 70 percent reduction of one allele in the tumor sample. 
The partial loss of the wild-type allele is due to admixture of normal 
tissue in this sample (20). This suggests that individual III-2 in 
family 3 has a genn line p53 mutation at codon 245, and that cells 
within the nunor lost the remaining wild-typc p53 allele. 

Lymphocytes h m  individual III-3 in family 4 were analyzed h r  
p53 gene mutations. Clones containing amplified DNA encoding 
p53 had the same C to T transition at the first nuclcotide in d o n  
248 as found in 1. The high fraquency of codon 248 
mutations in sporadic tumors and its presence in two of the five LFS 
families suggest a propensity to change at this site. Individual 111-1 
in family 5 has a germ line mutation at codon 252. In the first 
position of this codon there is a T to C change, which results in 
proline replacing leucine at this position. 

All p53 germ line mutations noted in the LFS families ace located 
in conserved region IV, where no polymorphism have becn 
detected and where nudeotide changes have previously been limited 

Tabk 2 Adyses of p53 gene mutations in rnanbers of five families with Li-Fraumeni s y n h .  

Patient Tumor 
cype 

DNA 
SOUT(r 

Ratio 
mutltotal Codon YNZ22.1 

clones VNrR 

Family 1 
A0ixted 

II.2 Breast 

11.3 Bilateral breast 

Family 2 
11.6 Breast 

30 Fibroblasts 

28 
Lymphocytes 
Fibroblasts 

5 
L y m p h v  
Fibroblasts 

Fibroblasts 
Fibroblasts 

Fibroblasts 
Fibroblasts 
Fibroblasts 

Lymph- 314 
Tumor 616 

F a d y  3 
m.2 c%lmmmm 19 Fibroblasts 216 245 

N d  214 
1 2  

Tumor 314 2 
Family4 

m.3 ~ofitismcsarc~ma 5 214 248 
c%lmmmm 21 Lymphocytes 2l6* 

Lymphocytes 

F a d y  5 
III. 1 Sofitismcsarcoma 2 Fibroblasts 114 252 

c%lmmmm 14 Fibroblasts 114 
Breast 31 

* I n ~ ~ ~ 4 , p r r i a n ~ . 3 , ~ P C R d 0 h ~ w a e v u l y z c d a s i n d i c u e d .  
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to tumor cells (1 0, 1 1, 18). All the mutations described in Table 2 
were confirmed by a second PCR reaction and resequencing the 
gene products. Performing the PCR reactions in duplicate allowed 
us to overcome the inconsistencies due to the 0.25 percent rate of 
base misincorporation documented by others and previously con- 
firmed in our laboratory (10,23). Germ line p53 mutations were not 
identified in seven healthy controls and seven individuals with 
sporadic tumors who had no family history of cancer. 

Possibility of restrictions on germ line p53 mutations. The 
half-lives of most mutant p53 proteins are markedly increased in 
comparison to the half-life of wild-type p53 protein. This is 
primarily a result of a complex they form with the heat shock 
proteins (hsc-70) (24). These mutant p53 proteins attain levels 
comparable to those known to exert a "trans-dominant loss of 
function" effect on wild-type p53 (23, 25). Other rare mutant p53 
proteins that fail to form a complex with hsc-70 have a reduced 
capacity to override wild-type p53 function in transformation assays 
(26). We therefore asked whether such a trans-dominant loss of 
function effect of some mutant p53 proteins would restrict the types 
of germ line p53 mutations found in LFS families. The level of p53 
protein was analyzed by immunoprecipitation of cell lysates from 
normal fibroblasts, LFS fibroblasts, and KHOS-240s cells (Fig. 4). 
The latter contain a p53 mutation at codon 156. This mutant 
protein forms a complex with hsc-70 (27). The high level of p53 
protein found in the KHOS-240s cells is representative of the large 
amounts of protein found in cells with mutant p53 protein that 
complexes the hsc-70 proteins (25). In contrast, the p53 protein 
levels in the three LFS fibroblast lines are comparable to those of 
wild-type p53. The level of p53 protein in fibroblasts from individ- 
uals of 12 LFS families (including the four with documented germ 
line p53 mutations analyzed in Fig. 4), were also tested by immu- 
nofluorescence studies. All had low fluorescent intensities compara- 
ble to cells containing wild-type p53 protein (20). Both the irnmu- 
noprecipitation and immunofluorescence studies probably indicate a 
selection against the p53 gene mutations that stabilize the mutant 
p53 protein that exerts a trans-dominant loss of function effect on 
the wild-type protein. Screening tests to determine germ line p53 
mutations should not rely on methods that assume that the muta- 
tions will result in high levels of mutant protein. 

Interpretations of the data. The presence of p53 mutations in 
the sporadic forms of many human tumors suggests that these 
alterations are an important step in the transformation of diverse 
cells. All cells in the individuals with LFS that we studied presum- 
ably have a single wild-type p53 allele. This finding provides an 
opportunity to compare the effects of p53 inactivation on the 
development of cancer in different tissues. The most remarkable 
feature of this syndrome is the diversity of tumors in the gene 
carriers. This suggests that numerous tissues are rendered more 
susceptible to transformation when they have only one wild-type 
p53 allele. The inactivation of p53 must therefore be at least one of 
the rate-limiting steps in the transformation of many tissues. How- 
ever, tumors in LFS are not evenly distributed by site and do not 
follow cancer frequency patterns in the general population (Table 
1). For example, breast carcinoma and colon carcinoma have 
comparable frequencies in the general population, and frequently 
have associated p53 mutations (6). In the LFS families, breast cancer 
occurs much more frequently than colon carcinoma (Table 1). The 
difference suggests that p53 inactivation is a more critical rate- 
limiting step in breast carcinoma formation than it is in colon 
carcinoma formation. Other patterns of tumor frequencies among 
affected individuals with LFS can provide additional clues regarding 
the differences in tissue-specific growth control pathways. 

The development of molecular diagnostic tests to identify carriers 
of germ line p53 mutations provides a new tool for screening 

members of LFS families. Recently, an International Working 
Group on LFS was established, and nearly 100 candidate families 
have been enrolled. Members of these families can be examined for 
germ line p53 mutations. This effort should help clan@ the spec- 
trum of cancers attributable to germ line p53 gene alterations. In 
addition, gene carriers will be identified among the unaffected 
children and older relatives. A determination can also be made of the 
family members who are in fact, not carriers. The ability to detect 
germ line p53 mutations creates a responsibility to properly use this 
information, and to develop strategies for the care of gene carriers at 
exceptionally high risk of cancer. 

The frequency of individuals in the general population who carry 
germ line p53 mutations is undefined. Li-Fraumeni syndrome might 
identify only the rare families in which germ line mutations in the 
p53 gene are highly penetrant and expressed in multiple tissues. The 
role of p53 germ line mutations in human cancer cannot be fully 
addressed by assessing its role in familial cancer. In retinoblastoma, 
for example, 85 percent of germ line mutation carriers, as identified 
by the presence of bilateral tumors, occur de novo (28). A germ line 
p53 mutation could occur in a substantial population of children 
and young adults who die of the cancer and do not propagate the 
gene. We are therdbre seeking p53 mutations in individuals and 
families who display one or more features of LFS, such as multiple 
primary cancers or breast cancer in several young relatives. Those 
with a germ line p53 gene mutation are enrolled in a multicenter 
regisny for further analyses. 

In conclusion, we have shown that alterations of the p53 gene 
occur not only as somatic mutations in human cancers, but also as 
germ line mutations in some cancer-prone families. The frequency of 
germ line p53 mutations in cancer patients in the general population 
is unknown and merits further study. Both somatic and germ line 
mutations also arise in another tumor suppressor gene, the retino- 
blastoma gene. These finding indicate that the search for additional 
tumor suppressor genes can proceed along two parallel research 

Fibroblasts v, v, Fi broblosts 
A m g  B 0- 

Flg. 4. Amount of p53 protein produced by various p53 alleles. Lysate. from 
[35S]mcthionine-labeled fibroblasts and KHOS-240s osteosarcoma cells 
were immunoprecipitated with monoclonal antibody pAb421 (20, 30). (A) 
(Lane 1) Normalfibroblasts; lane 2, 4 2 4 5  fibroblasts from (III-2) family 3 
with a mutant codon 245 p53 allele; lane 3, d 2 4 8  fibroblasts from (11-2) 
family 1 with a mutant codon 248 p53 allele; lane 4, KHOS-240s cells with 
a mutant codon 156 p53 allele. (B) (Lane 1) KHOS-240s cells as in Fig. 4A; 
(lane 2), the 4 2 4 5  mutant as in Fig. 4A, (lane 3) 4 2 5 2  fibroblasts from 
(111-1) family 5 with a mutant codon 252 p53 allele; (lane 4) 4 2 4 8  as in 
parens. 
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pathways. One is through analysis of the loss of heterozygosity in 
tumor samples, and the second is through the identification and 
study of c i ~ e r - ~ r o n e  families. 
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