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Abstract

Samples donated by patients with T cell acute lymphoblastic
leukemia (T-ALL) were screened for mutations of the p53 tu-
mor suppressor gene. Peripheral blood cells of T-ALL relapse
patient H.A. were found to possess a heterozygous point muta-
tion at codon 175 of the p53 gene. To determine whether this
was an inherited mutation, a B cell line (HABL) was estab-
lished. Leukemic T cell lines (HATL) were concurrently estab-
lished by growing peripheral blood leukemic T cells at low oxy-
gen tension in medium supplemented with IGF-I. Previously we
had shown that > 60%of leukemic T cell lines possessed muta-
tions in the p53 gene (Cheng, J., and M. Haas. 1990. Mol. Cell.
Biol. 10:5502), mutations that might have originated with the
donor's leukemic cells, or might have been induced during es-
tablishment of the cell lines. To answer whether establishment
of the HATL lines was associated with the induction of p53
mutations, cDNAs of the HATL and HABL lines were se-
quenced. The HATL lines retained the same heterozygous p53
mutation that was present in the patient's leukemic cells. The
HABL line lacked p53 mutations. Immunoprecipitation with
specific anti-p53 antibodies showed that HATLcells produced
p53 proteins of mutant and wild type immunophenotype, while
the HABL line synthesized only wild-type p53 protein. The
HATLcells had an abnormal karyotype, while the HABLcells
possessed a normal diploid karyotype. These experiments sug-
gest that (a) p53 mutation occurred in the leukemic cells of
relapse T-ALL patient HA; (b) the mutation was of somatic
rather than hereditary origin; (c) the mutation was leukemia
associated; and (d) establishment of human leukemia cell lines
needs not be associated with in vitro induction of p53 muta-
tions. It may be significant that patient HAbelonged to a cate-
gory of relapse T-ALL patients in whom a second remission
could not be induced. (J. Clin. Invest. 1993. 91:2111-2117.)
Key words: acute lymphoblastic leukemia- p53 and T cell acute
lymphoblastic leukemia relapse * tumor suppressor gene * es-
tablishment of leukemia lines * somatic mutation of p53

Introduction

P53 belongs to the tumor suppressor class of genes (1) whose
loss-of-function mutations are oncogenic. Inactivation of the
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p53 gene by point mutation, deletion, or rearrangement have
been found in a wide range of human tumors. Inactivation of
the p53 gene has been demonstrated in human carcinomas of
the colorectum (2), lung (3, 4), liver (5, 6), bladder (7), and
ovary (8), in chronic myelogenous leukemias (9, 10), in osteo-
genic sarcomas (11, 12), and in T cell acute lymphoblastic leu-
kemias (T-ALL)' (13, 14). Since in carcinomas of the colorec-
tum chromosome 17p deletions are associated with the transi-
tion from the benign adenomatous to the malignant
carcinomatous state, it has been suggested that p53 mutation/
deletion is a late event in the development of cancer (15). How-
ever, mutations in p53 have recently been found in adenoma-
tous polyps of patients with familial polyposis coli (16), sug-
gesting that p53 mutation may also occur as an early event in
carcinogenesis.

A role for p53 in the induction and progression of human
cancer has been suggested by the status of p53 in individuals
with the Li-Fraumeni syndrome, in whominherited (germline)
heterozygous mutations in p53 are associated with a striking
predisposition to a number of cancers (17, 18). However, in
familial leukemia pedigrees hereditary p53 mutations have not
been found (19).

In relapse leukemic T cell lines, both alleles have frequently
been found to be independently mutated, rather than one allele
being mutated, the other deleted (15, 13). As we have proposed
previously (13), the high frequency of mutation of all alleles of
the p53 gene in leukemic T cell lines may be due to mutations
that have occurred (a) in vitro, (b) in vivo, or (c) both in vivo
and in vitro. In previous work (13) we did not determine
whether the mutations found in T leukemia cell lines had re-
sulted from establishment of the lines in culture, as has been
shown to occur during the establishment of some rat embryo
fibroblast cell lines (20). Alternatively, the high frequency of
mutations in p53 in T leukemia cell lines may be due to the
selective establishment of lines from T-ALL cells that already
possess p53 mutations in vivo. Presumably, p53 mutations are
present in a minority of leukemia cases (21, 14, 19), but appear
in a large fraction of T leukemia cell lines due to the advantage
these leukemias have during in vitro establishment. In this sce-
nario the mutations observed in T leukemia lines would have
originated in vivo. A third possibility is that in T-ALL, p53
mutation is not generally found in "diagnosis" T-ALL cases
(21), but is associated with the relapse phase, as has been shown
for one case (14).

To examine whether p53 mutations play a role in the mor-
bidity of T-ALL, we explored two mutation "hot spots" in the
p53 gene (15) by PCR amplification of genomic DNAand
restriction enzyme digestion. One patient (H.A.) was shown to
possess a mutation at codon 175, and this case was studied

1. Abbreviation used in this paper: T-ALL, T cell acute lymphoblastic
leukemia.

Somatic Origin and Stability of p53 Mutation in T-ALL Cell Lines 2111

J. Clin. Invest.
© The American Society for Clinical Investigation, Inc.
0021-9738/93/05/2111/07 $2.00
Volume 91, May 1993, 2111-2117



further. Our data show that this p53 gene mutation was present
in peripheral blood nucleated (leukemia) cells of patient H.A.,
that the mutation was retained by long-term T-ALL cell lines
grown continuously for > 2 yr from H.A.'s peripheral blood
nucleated cells, and that the mutation was somatically ac-
quired. Our experiments also show that additional mutations
in the p53 gene were not induced by establishment of the leuke-
mia cells in vitro.

Methods

Primary T-ALL samples. Bone marrow, or Ficoll-Hypaque-separated
peripheral blood nucleated cells, were frozen live in medium contain-
ing 10% DMSO,at IO' cells/ml per ampoule. Frozen cells of T-ALL
patients were used for all cell cultures and for DNAisolation. Patient
cells were donated according to a protocol approved by the Committee
on Investigations Involving HumanSubjects at the University of Cali-
fornia, San Diego, and informed consent was obtained from the pa-
tients or their parents. Peripheral blood cells were collected for the
purpose of routine clinical diagnosis, and cells that remained after the
diagnostic procedures were frozen for future use. T-ALL cells of patient
H.A. that were studied in this report were obtained from the patient at
first relapse (see below).

Case history. Patient H.A. is a Caucasian girl who was noted to have
fever, malaise, and generalized lymphadenopathy at age 7 yr 2 mo.
Examination of her peripheral blood showed a white blood cell count
of 16.9 X 109/liter with 90% lymphoblasts, 8.8 g/dl hemoglobin, and
134 x 109/liter platelets. Bone marrow aspiration showed 98% blasts,
which were positive for CD5 and CD7, and weakly positive for CD4,
confirming the diagnosis of acute T lymphoblastic leukemia. She com-
pleted a 2-yr course of chemotherapy according to treatment No. 2 of
Pediatric Oncology Group protocol No. 8691. It consists of a 6-wk
induction regimen with vincristine, prednisone, cyclophosphamide,
adriamycin, cytosine arabinoside, and L-asparaginase, followed by 6-
wk consolidation with VM-26 + cytocine arabinoside and cyclophos-
phamide + adriamycin + L-asparaginase. This was followed by 10 cy-
cles of 9-wk maintenance therapy and weekly L-asparaginase for 20 wk.
She also received intrathecal treatment with methotrexate + cytosine
arabinoside + hydrocortisone for prophylaxis of CNSleukemia.

At age 9 yr 9 mo, 8 moafter the completion of Pediatric Oncology
Group protocol No. 8691 treatment, she relapsed with splenomegaly
and a white blood count of 17.5 X 109/liter with 55% blasts. Cell sur-
face marker analysis revealed similar immunophenotype as at diagno-
sis. H.A. was then enrolled in Pediatric Oncology Group protocol No.
8862 and underwent reinduction treatment with vincristine, predni-
sone, daunomycin, and L-asparaginase. At the end of the reinduction
her peripheral blasts cleared, but bone marrow contained 63% blasts.
After two courses of intravenous 6-mercaptopurine and methotrexate,
she developed marrow aplasia and staphylococcal sepsis. This was fol-
lowed by resurgence of peripheral blasts and she died of infection 4 mo
after relapse.

DNAextraction. One ampoule (I07 live cells) of each frozen T-ALL
patient bone marrow or peripheral blood ("primary") sample was lysed
in 500 Ad of lysis buffer (0.5% SDS, 0.1 MNaCl, 50 mMTris pH 8.0, 1
mMEDTA). 5 ,d proteinase K (10 mg/ml) was added to each sample
and samples were incubated at 37°C overnight. Samples were then
heated at 68°C for 5 min, mixed with 75 MI of 8 Mpotassium acetate,
extracted once with chloroform, precipitated with ethanol, and dis-
solved in 300 Ml of TE buffer. The samples were then treated with
DNAase-free RNAase, extracted again with chloroform, reprecipitated
with ethanol, and dissolved in a final volume of - 30 ,l TE buffer.

DNAsequencing. Solid-phase sequencing of in vitro amplified geno-
mic DNAwas used, in which genomic DNAwas amplified by PCR
using biotinylated primers. I Mgof genomic DNAwas used as template
in a 100-Ml PCRreaction with 12 pmol of biotinylated primer JY3
(5'-CAACCAGCCCTGTCGTCTCT-3') and 36 pmol of nonbiotiny-
lated primer MH22 (5'-CTGTTCACTTGTGCCCTGAC-3'). 40,Ml of

this reaction was incubated with magnetic beads conjugated covalently
with streptavidin (Dynabeads M280-Strepavidin; Dynal, Oslo, Nor-
way) which were used to selectively immobilize the biotin-labeled PCR
product and allow melting of the DNAduplex, followed by elution of
the nonlabeled single strand. The immobilized single-stranded DNA
was then used as sequencing template using the Sequenase (U.S. Bio-
chemical Corp., Cleveland, Ohio) protocol and an internal primer,
MH26(5'-GACTTTCAACTCTGTCTC-3'). Asymmetric PCRampli-
fication of cDNA and direct sequencing analysis were done as previ-
ously described (13).

PCRamplification ofgenomic DNA. Two independent polymerase
chain reactions were carried out for each DNAsample to analyze p53
codons 143 and 175. 1 Mg of genomic DNAwas used in each 100-MA'
reaction. The four PCRprimers used and the reaction conditions were
as described ( 15).

Restriction enzyme digestion. The PCR-amplified DNAfragments
were digested with restriction enzyme HhaI, fractionated in 8% poly-
acrylamide gels, stained with ethidium bromide, and photographed
under ultraviolet light.

Metabolic labeling and immunoprecipitation. 5 X 106 cells were
labeled for 3 h in 100 MCi/ml [35S~methionine/[35S]cysteine (translabel,
ICN Biomedicals, Inc., Costa Mesa, CA). Cells were lysed in EIA
buffer (250 mMNaCl, 50 mMHepes, 0.1% NP40, 1% aprotinin, 500
MMPMSF, 1 mMEDTA) for 15 min on ice. The lysate was centrifuged
at 100,000 g for 30 min and the pellet discarded. Equal amounts of
radioactive material were reacted with the specific antibodies G59-12
(Pharmingen, San Diego, CA), PAb 240 (Oncogene Science, Inc., Man-
hasset, NY; 22), PAb 1620 (23), or the nonrelated (SV40 T-Ag) anti-
body PAb419 (24) for 4 h at 4°C. The immune complexes were col-
lected on immobilized recombinant protein A (Repligen Corp., Cam-
bridge, MA), washed three times with EIA buffer, once with PBS, and
boiled for 2 min in sample buffer. Samples were then loaded on a 10%
SDS-polyacrylamide gel. Half-lives were determined by chasing the
radiolabeled cells for appropriate time periods in nonradioactive me-
dium, followed by immunoprecipitation as above. The radioactivity
assigned to the p53 bands was quantitated by direct counting of the gel
bands in a scanner, or by densitometry.

Karyotype analysis. Karyotype analysis was done as previously de-
scribed ( 13).

HLA-DR analysis. HLA-DRanalysis was conducted by reverse slot
blot PCRhybridization (25). 75-bp fragments of HLA-DRgenes were
amplified by PCR, labeled with 32p, and hybridized to immobilized
allele-specific oligonucleotides, encoding amino acids 67-74 of HLA-
DR 3-chain genes. Allele-specific oligonucleotides for six other HLA-
DRB1 and three HLA-DRB3 genes were included in the analysis.
Primer and allele-specific oligonucleotides sequences were deduced
from published data (26, 27).

Results

H.A. leukemia cells have a heterozygous point mutation in the
p53 gene. Genomic DNA of T-ALL patient samples was
screened for point mutations at two "hot spots" of the p53
gene, codons 143 and 175, using PCRanalysis. A 1 l l-bp frag-
ment surrounding p53 codon 143 and a 319-bp fragment
surrounding p53 codon 175 were amplified and digested with
the restriction enzyme HhaI. Some mutations (e.g.,
GTG-*'GCG, Val---Ala) in codon 143 would result in cleavage
(with HhaI) of the 1 I l-bp PCR-generated fragment to a 68-bp
and a 43-bp fragment (13). Human placenta-derived control
DNAas well as patient sample DNAshowed the 1 I l-bp un-
cleaved pattern by HhaI digestion (data not shown), suggesting
the absence of this specific mutation in codon 143. Similarly, a
mutation within codon 175 would abolish an HhaI site, leading
to the cleavage (with HhaI) of the 319-bp PCR-generated frag-
ment into three fragments (of 216 bp, 67 bp, and 36 bp) instead
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of four fragments (of 216 bp, 49 bp, 36 bp, and 18 bp). DNA
extracted from peripheral blood nucleated cells of relapse T-
ALL patient H.A. showed five restriction fragments of 216 bp,
67 bp, 49 bp, 36 bp, and 18 bp, by HhaI digestion (Fig. 1, lane
1), revealing the presence of an apparent heterozygous muta-
tion at codon 175 in the peripheral blood/leukemia cells of
patient H.A.

Establishment of T cell and B cell lines from peripheral
blood cells ofpatient H.A. The peripheral blood cells of relapse
T-ALL patient H.A. contained, in addition to 55% leukemic
blasts, a mixture of other cell types. The heterozygous appear-
ance of the mutation at p53 codon 175 may therefore be due to
a mixture of leukemic cells that possess a homozygous muta-
tion at codon 175, and nonleukemic cells that are wild type at
that position. Alternatively, the leukemic cells may harbor one
mutated p53 allele and one allele that is wild type at codon 175.
Finally, the patient may harbor an inherited heterozygous mu-
tation that is present in all cells of the blood sample.

To examine the nature of the mutation, leukemic T cell
lines and an immortal B cell line were established from the
same ampoule of frozen peripheral blood cells of HA. Eight
independently derived T cell lines HATL were established by
growing the cells in the presence of 20 ng/ml recombinant IGF-
I in a low oxygen (5%) tension CO2 incubator (28, 29). The
lines were then cloned by end point dilution. The B cell line
HABLwas established by transforming the cells with Epstein-
Barr virus. The leukemic T cell lines and the immortal B cell
line have been maintained in continuous culture for 2 yr, and
have been frozen and thawed repeatedly (30). The lines share
an identical human leukocyte antigen type (DR2,7), as is
shown in Fig. 2, suggesting that they were indeed derived from
the same individual. The long-term HATL lines have the fol-
lowing differentiation markers: CD3-, CD4-, CD5-, CD7'
(62% of the cells), CD8-, CD9+(76%), CD38+ (35%), CALLA-,
and lack B cell markers CD19-, CD20-, and cytoplasmic Mu-.
Onthe basis of cell surface markers HATLmight thus be classi-
fied as "pluripotent lymphohematopoietic" cell (31, 32). Inter-

1 2 3 4 5 6 Figure 1. Detection of a mutation at
codon 175 of the p53 gene in blood
cell samples of T-ALL patient H.A.
Restriction enzyme digestion of PCR-
amplified fragments from the geno-
mic DNA. Genomic DNAextracted

216bp- from different cell samples of patient
H.A. was amplified by PCRaround
the p53 codon 175 region. Amplified
DNAfragments were then digested

67bp- with the restriction enzyme HhaI,
49bp- fractionated on an 8%polyacrylamide

gel, stained with ethidium bromide,
36bp- and photographed under ultraviolet

light. (Lane 1) Primary peripheral
blood nucleated cells of T-ALL pa-
tient H.A. (Lane 2) HATL, a clonal
leukemia T cell line grown from the

H H H peripheral blood of patient H.A. (Lane
36bpI49bp Iift I 216bP 3) Cloned DNAsample with homo-

wt GCGC zygous mutation at codon 175 (13).
mut GGGC (Lane 4) Wild-type DNAcontrol from

a normal human placenta. (Lane 5)
HABL, the immortalized B cell line grown from the peripheral blood
of patient H.A. (Lane 6) DNAsize marker.

1 2 3 W4W13 5

S
I *I I
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Figure 2. HLA-DR
analysis of HATL and
HABLcell lines. Re-

HABL verse slot blot PCRhy-
bridization was used on
75-bp fragments of
HLA-DR genes that
were PCRamplified,
labeled with 32P, and
hybridized to immobi-
lized allele-specific oli-
gonucleotides encoding
amino acids 67-74 of

HATL HLA-DR #-chain genes.
The lines are derived
from the same individ-
ual, and share the
DR2,7 specificity.

estingly, the HATLleukemic lines are dependent for growth on
exogenously supplied (20 ng/ml) IGF-I, and have maintained
this dependence for 2 yr of continuous culture. Propagation of
the HABL line is independent of exogenously supplied IGF-I.

DNAwas extracted both from the HATLand HABLlines,
amplified by PCRaround codon 175 and digested with HhaI.
Fig. 1 (lane 2) shows that HATL cell lines are heterozygously
mutated in p53 at codon 175, while the HABLcell line is wild
type at the same position (Fig. 1, lane 5) since it possesses the
HhaI recognition site, like the wild type control DNAshown in
lane 4. Thus, the HATL leukemic cells carry a heterozygous
mutation at p53 codon 175, while the immortalized B cell line
established from the same patient carries a homozygous wild
type codon at this position. Hence, the heterozygous p53 muta-
tion found in the T-ALL cells of patient H.A. is of somatic
rather than hereditary origin.

To examine whether the p53 gene in the leukemic cells of
patient H.A. harbor mutations other than the one at codon
175, we sequenced the entire cDNA of several HATL lines.
RNAwas extracted from HATL cells and reverse transcribed
into cDNA. The full length cDNA of HATL cells was then
amplified by PCR and directly sequenced as described in
Methods. No additional mutations were found in the p53
cDNAof HATL. Full length cDNAof the HABLcell line was
also sequenced, confirming the wild type status of the p53 gene
in these cells. In addition, exon 5 of genomic DNAfrom both
the HATL and HABL cell lines as well as from the original
patient sample was sequenced to verify the T cell origin of the
heterozygous point mutation at codon 175 (CGC-*oGGC, Fig.
3). All samples were heterozygous (CGC/CCC, arg/pro) for a
known polymorphism at codon 72 (33). The data thus suggest
that the HATL cell lines (four have been analyzed), and the
primary (in vivo) HAcells from which the lines were derived,
harbored only one heterozygous point mutation. Furthermore,
in vitro establishment of the HATL lines as well as EBV-in-
duced transformation (immortalization) of the patient's B
cells, were not associated with the introduction of additional
p53 gene mutations.

Analysis of metabolically labeled p53 proteins in the HATL
and HABL cell lines. [35S]methionine-labeled cell lysates of
HATLand HABLlines were immunoprecipitated with a panel
of antibodies. The G59- 12 antibody recognizes both wild type
and mutant p53 proteins (30). Fig. 4, lanes 2 and 6, shows that
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Figure 3. Sequence analysis of exon 5 of genomic DNAfrom HABL
(A) and HATL(B) cell lines and from primary peripheral blood nu-
cleated cells of patient HA(C). DNAwas extracted and amplified by
PCRusing primers JY3 and MH22and sequenced with internal
primer MH26 (see Methods). Shown is the heterozygous mutation
found in the p53 sequence at codon 175 in both the patient's periph-
eral blood sample and in DNAextracted from one of the established
HATL cell lines.

this antibody precipitates p53 protein from both HATL and
the HABL lines. The p53 protein of HAcells have the double-
band pattern characteristic of human cells possessing both poly-
morphic alleles at codon 72 (33).

Immunoprecipitation with the monoclonal antibody
PAb240 (Fig. 4, lanes 3 and 7), which recognizes certain mu-
tant but not wild type forms of p53 (22, 34, 35), resulted in the
detection of two mutant p53 proteins in HATLlines, but not of
the two wild type p53 proteins of the HABL line, confirming
the restriction enzyme and sequencing data of the mutant and
wild type status of p53 in either cell type, respectively. PAb

HATL HABL MOLT-4

IM l 2 3 4 115 6 7 8 9 10 11Ikd

i~

97.4 p,

69-rn.

* -0 ow _ & d 5

Figure 4. p53 protein analysis of HATL and HABLcell lines. Cells
were labeled with [35S]methionine/[35S]cysteine translabel, lysed in
E1A buffer, and immunoprecipitated with: (lanes I and 5) PAb419,
a nonrelevant control antibody; (lanes 2, 6 and 9) G59-12 which rec-
ognizes all forms of p53; (lanes 3, 7 and 10) PAb 240, which recog-
nizes certain mutant conformations of the p53 protein; and (lanes 4,
8 and 11) PAb 1620 which is specific for wild type p53. Immunopre-
cipitates were analyzed on a 10% SDS-PAGEgel.

1620, which recognizes p53 protein in the wild type conforma-
tion, precipitated both proteins from the HABLcell line, but
recognized only the faster migrating protein from HATL cells
(Fig. 4, lanes 4 and 8). Lanes 9-1 1 of Fig. 4 show the immuno-
precipitation of p53 from metabolically labeled Molt-4 T-ALL
cells, which we have previously shown to express only wild type
p53 (36).

Recognition by PAb240 of both proteins of the HATLcell
lines confirms the ability of mutant p53 protein to drive co-
translated wild type p53 into the mutant conformation, as has
been observed in vitro for cotranslated mutant and wild type
p53 proteins by Milner and Medcalf (37). Recognition by PAb
1620 of only the faster migrating, codon 72"-containing pro-
tein from HATLlines suggests that HATLcells synthesize both
wild type and mutant p53 proteins.

Analysis of the metabolic stability of the p53 proteins in the
HATL and HABL cells by pulse-chase experiments (not
shown) indicates that both p53 proteins in HATL cells decay
with a half-life of 4.2 h, while the wild type form of p53 in
HABL cells has a half-life of 1.2 h. As a comparison, in our
hands, p53 protein in activated (IL-2 grown) normal human
peripheral blood T cells turns over with a half-life of 0.5 h (36).

Karyotype of HATL and HABLcell lines. Karyotype analy-
sis showed that the HABL cells possessed a normal diploid
karyotype, while the different HATLisolates had several abnor-
malities, specifically a clonal rearrangement of chromosome
lp, monosomy 7, or a rearranged chromosome 7, but normal
chromosomes 17 (the p53 gene maps to human chromosome
17p 13). Four examples of karyotypes of HATLcells are shown
in Fig. 5.

Discussion

Several lines of evidence suggest that the development of lym-
phoid and other hematopoietic neoplasia in humans is asso-
ciated with alterations of the p53 gene. The presence of high
levels of p53 protein, which is characteristic of tumors harbor-
ing mutated p53 alleles, has been documented in some human
lymphoproliferative disorders (38, 39), and in blast crisis CML
(9, 10, 40, 41). In T cell leukemias the presence of p53 muta-
tions has been documented by us (13, and this paper), and
others (14, 19), though some authors failed to find any such
mutations (21, 42) in diagnosis T-ALL cells.

6 of 11 human T leukemia cell lines that we have studied
possessed independent mutations of p53 alleles, prompting the
question whether the mutations found in these lines may be
associated with their establishment rather than being asso-
ciated with the disease in vivo. This question was particularly
acute following the report that establishment of long-term cul-
tures of rat embryo fibroblasts is associated with the induction
of p53 mutations (20). Hence, conceivably, p53 mutations
found in human T leukemia lines may also have been induced
during in vitro establishment.

The present study was designed to examine whether p53
mutations are associated with some T-ALL cases in vivo,
whether the mutations are retained in cell lines developed from
the leukemias, and whether establishment of T leukemia cell
lines is associated with the induction of mutations in p53. Ex-
tensive study of the T-ALL relapse patient H.A. now suggests
that (a) leukemia cells taken from T-ALL patient H.A. pos-
sessed a heterozygous mutation at p53 codon 175; (b) the mu-
tation was stable during the establishment of T-ALL lines from
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Figure 5. Karyotypes of HATL cells. Four metaphase spreads show the typical chromosome abnormalities observed in HATL cells. All cells an-
alyzed have a structurally rearranged chromosome No. 1 (arrowheads) and monosomy of chromosome No. 7, or (D) a rearranged chromosome
No. 7 (thin arrows). In addition, various other, occasional abnormalities have been observed, including trisomy of chromosome No. 18 (A), and
unidentified marker chromosomes (thick arrows in A and D). The abnormalities shown were present in all eight HATL cell lines studied. The
immortalized B cell line HABLhas a normal diploid karyotype and is not shown.

the peripheral blood of the patient; (c) establishment of the
immortalized (normal) B cell line HABLwas not associated
with the induction of mutations in p53; (d) establishment of T
leukemia cell lines HATL was not associated with the induc-
tion of additional p53 mutations; (e) the p53 mutation in re-
lapse T-ALL patient H.A. was of somatic origin; and (f ) pa-
tient H.A.'s leukemic T cells resemble the T leukemia lines that
we have studied previously (13) with respect to the heterozy-
gous nature of the p53 mutations, as well as with respect of the
absence of loss of heterozygosity.

Our results differ from those of Gaidano et al. (21) and of
Jonveaux (42), who suggested that p53 mutations are not im-
plicated in the natural history of T-ALL. These ostensibly dis-
cordant sets of data may be resolved in several ways. On the
one hand, Gaidano and Jonveaux studied T-ALL diagnosis
samples (i.e., samples from early, nontreated cases) which ap-
pear not to possess p53 mutations, while p53 mutations are
associated with relapse T-ALL (this paper, and 14, 19). Further-
more, establishment of T-ALL cell lines has until recently been
an infrequent accomplishment (43, 44), and establishment of
T-ALL lines may have selected for samples harboring p53 mu-
tations. Indeed, until recently establishment of T-ALL lines
has been limited to relapse cases (45), hence the high frequency
of p53 mutations in established cell lines may reflect the situa-
tion in relapse cases only. The most reasonable way to recon-
cile the available data is to suggest that p53 mutation is infre-

quently associated with T-ALL "diagnosis" disease, but is al-
tered during recurrence of the disease; cases that possess p53
mutations have a selective advantage of becoming established
cell lines. This interpretation of the available data is in accor-
dance with recent evidence using single-strand conformation
polymorphism and direct sequencing analysis of peripheral
blood- and bone marrow-derived leukemia samples taken at
diagnosis and at relapse. These results indicate that mutations
of p53 are predominantly associated with the relapse phase of
the disease (Hsiao, M., J. Yeargin, E. Dorn, A. L. Yu, and M.
Haas, manuscript in preparation).

The leukemic cells of patient H.A. were found to possess a
heterozygous point mutation at codon 175 (Arg-*~Gly). Codon
175 mutations are among the more potently oncogenic p53
mutations, possibly even in the presence of expressed wild type
p53 alleles (46). The suppressive action of the wild type allele is
thought to be bridled by the mutant allele via a dominant-nega-
tive mechanism. Hence, the heterozygous codon 175 mutation
found in H.A.'s leukemia cells may have given the cells a dis-
tinct growth advantage in spite of the presence of an expressed
wild type allele (47). Interestingly, in HATLcells the product of
the mutant allele and the majority of the product of the wild
type allele possess a mutant immunophenotype on immuno-
precipitation gels (Fig. 4; in HATL cells the products of the
mutant and of the wild type p53 allele can be distinguished by
their different mobilities on IP gels, due to the polymorphism
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at codon 72, as the two p53 alleles carry a proline or an arginine
at this position, respectively (33).

In HATLcells, the acquisition by the wild type p53 protein
of the mutant immunophenotype under the influence of the
mutant p53 protein may represent a mechanism for the func-
tional inactivation of p53 by a dominant-negative mechanism
(37). This is reminiscent of the data presented by Milner and
Medcalf (37) who showed that upon cotranslation in vitro of
mutant and wild type p53 alleles the mutant p53 can influence
the conformation of the cotranslated wild type p53 and drive it
into the mutant immunophenotype. Imposition of the mutant
immunophenotype on the wild type gene product is brought
about by the formation of p53 wild type/mutant complexes, as
was documented by Milner (32). Thus the results of immuno-
precipitation of metabolically labeled p53 in HATLcells agrees
with the in vitro data of Milner and Medcalf on the functional
inactivation of p53 genes by a dominant-negative mechanism.

The mutation in one allele of the p53 gene in HATL cells
confers a mutant immunophenotype on much of the wild type
protein, encoded by the normal, nonmutated allele. However,
as is shown by the karyotype data, mutation of p53 is not the
only abnormality in H.A.'s leukemic cells, and abnormalities
in chromosome No. 1 and No. 7 have been found. Indeed,
since carcinogenesis is a multistep process, mutation in p53
would not by itself be expected to confer malignancy. Evidence
for this notion is amply provided by the state of p53 in individ-
uals of Li-Fraumeni Syndrome families (17, 18). Interestingly,
abnormalities in chromosomes Nos. 1, 7, and 17 have been
associated with refractoriness to chemotherapy and poor sur-
vival in human lymphomas and neuroblastomas (48, 49).

Preliminary evidence suggests that mutation of the p53
gene is associated with the recurrence of T-ALL, just as it is
associated with the progression of the tumorigenic phenotype
of other human tumors. Induction of remission of T-ALL by
chemotherapy is more difficult with increasing numbers of re-
lapse episodes. Mutation of the p53 gene therefore appears to
point to a poor prognosis of T-ALL, and one would expect that
some specific p53 mutations would present a worse prognosis
than others. It would be important to determine the relation-
ship between different p53 mutations and the prognosis of the
disease. It would also be important to attempt to suppress the
effects of mutated p53 by the introduction of properly-pro-
moted wild type p53 constructs (50). This laboratory is actively
seeking answers in both of these areas (30).
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