


Table 2 p53 mutations in diploid and aneuploid cell populations with 17p allelic
losses from premalignant Barrett's epithelium and adenocarcinoma

PatientDNA contentExonCodonMutationAminoacid1

(Wi)2.ONâ€•
3.4N7 7248 248CGG-*CAGCGGâ€”'CAGArg-Ã¸GlnArg-*Gln4

(RR)2.ON
3.2N8 8306 306CGAâ€”*TGACGA-@TGAArgâ€”@stopArgâ€”@stop7

(DW)2.ON
2.6N8 8278 278CCFâ€”*TCTCCTâ€”@TCrProâ€”'SerProâ€”@Sera

N, ploidy.

17p ALLELIC LOSSES AND ANEUPLOIDY IN BARRFIT'S ESOPHAGUS

WT5'.GCATGAACCGOAGOCCCAT3'
MT 5'-GCATGAACCAGAGGCCCAT-3

Fig. 2. DNA sequence analysis of the p53 gene in normal gastric tissue and a 3.4N
aneuploid cell population in the premalignant epithelium of Patient 1. DNA from normal
gastric tissue has a wild type sequence of CGG in codon 248 of exon 7. In the aneuploid
cell population, there is a (iâ€”aA mutation in codon 248, leading to a CAG sequence. The
same Gâ€”+A mutation in codon 248 was found in sorted Ki67-positive diploid G1 cell
populations of the premalignant epithelium of Patient 1. All DNA sequences were
confirmed by both manual, autoradiographic and automated, fluorescent DNA sequence
analysis.

strated that p53 mutations occur in association with the l'7p allelic
losses in several patients in the present study, and the results of several
other studies indicate that the p5.3 gene is the target of F/p alleic
losses in Barrett's adenocarcinoma (12â€”16).Therefore, we believe
that the l7p allelic losses reflect loss of the p5.3 gene. Our data are
therefore consistent with studies indicating that loss of p53 predis
poses to aneuploidy in vitro and extend the results to a human
premalignant condition in vivo (5â€”8).Our data are also consistent
with an earlier study showing an association between Vip allelic
losses and aneuploidy in colon cancer (21).

We have determined the order in which genetic events occur during
the progression to cancer in Barrett's esophagus by comparing two
events at a time in individual patients, and our results suggest a model
of neoplastic progression in this condition. We have previously shown
that the development of cancer in Barrett's esophagus is associated
with progression from diploid to aneuploid to multiple aneuploid cell
populations and that one of the aneuploid cell populations acquires the
capacity for invasion, becoming an early carcinoma (10, 11, 22). l'7p
allelic losses occur in diploid cells as early events in a pathway of
genetic instability that leads to aneuploidy, allelic losses of 5q, and
cancer. In contrast, allelic losses involving chromosome 5q develop
after l7p allelic losses and either after, or simultaneously with, the
development of aneuploid cell populations (4). Even though 5q alleic
losses appear to be strongly selected during neoplastic progression,
occurring in 75% of Barrett's adenocarcinomas, they are independent
of the events that cause invasion because they can develop either
before, simultaneously with, or subsequent to cancer (4).

In summary, our data indicate that l'7p allelic losses develop in
diploid cells of premalignant epithelium in Barrett's esophagus where
they can be associated with p53 mutations and typically precede the
appearance of aneuploid cell populations. Therefore, our data support
the results from model systems in vitro and suggest that l'7p allelic
losses develop as early events in a pathway of genetic instability that
leads to aneuploidy, other allelic losses, and cancer in Barrert's
esophagus in vivo.
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positive G1 cells in these patients contained l7p allelic losses. Eight
of the 10 patients had, in addition to sorted G1 populations that
contained l7p allelic losses, sorted diploid G1 populations in the
surrounding premalignant epithelium that contained two Vip alleles
(Fig. 1, A). Only one patient who had a l'7p allelic loss in aneuploid
cell populations had two l'7p alleles in all of the sorted Ki67-positive
diploid G1 populations that were evaluated (Table 1, Patient 11; Fig.
1D).

p53 Mutations. The primary goal of this investigation was to

determine the order of l'7p allelic losses and aneuploidy during
neoplastic progression in Barrett's esophagus. However, to confirm
the association of l'7p allelic losses with p53 mutations, we sequenced
the p53 gene in three of these patients (Table 2, Patients 1, 4, and 7;
Fig. 2). All three patients had mutations in the p53 gene. Furthermore,
in addition to a l'lp allelic loss, each of the three patients had the same
p53 mutationin thesortedKi67-positivediploidG1cell population
that was detected in the corresponding aneuploid cell population.

Discussion

The formalism for interpreting the order of genetic events in a
multistep pathway was used as part of the early studies of the yeast
cell cycle (20). Basically, any two events (A and B) of a multistep
pathway can be related to each other in one of four ways: A can
always precede B (dependent events); B can always precede A (de
pendent events); A and B can always occur together (interdependent
events); or A and B can occur independently of each other (indepen
dent events). Overall, we detected l'7p allelic losses in diploid cell
populations from 10 of the 30 patients (33%) that we evaluated; but in
19 of these cases, it was not possible to evaluate diploid cell popula
tions from premalignant epithelium. Therefore, l'7p allelic losses were
detected in sorted diploid cell populations of premalignant epithelium
in 91% of patients (10 of 11) in whom they could be evaluated. These
data strongly suggest that l'lp allelic losses typically precede the
development of aneuploidy during neoplastic progression in Barrett's
esophagus. The data also rule out two of the other three possibilities:

(a) that l7p allelic losses always occur after aneuploidy; or (b) that
the two events always occur together.

In the one patient whose sorted Ki67-positive diploid G1 cell
populations always retained two l7p alleles, we detected l'7p allelic
losses and aneuploidy simultaneously. Possible explanations for this
result include a sampling error in not detecting a region of l'7p allelic
loss within the diploid cell populations or early progression to aneu
ploidy after the F7p allelic loss so that there was insufficient time for
a clone of diploid cells with the l'7p allelic loss to develop. There
could also be an alternative pathway to aneuploidy that occurs in a
minority of patients.

We have previously shown that l'7p allelic losses typically precede
5q allelic losses during neoplastic progression in Barrett's esophagus
(4). Thus, our results suggest that l'7p allelic losses occur as early
events in a pathway of genetic instability that leads to aneuploidy and
other allelic losses in Barrett's esophagus in vivo. We have demon
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Molecular Pharmacology Facility for the synthesis of oligonucleotides and use
of the automated DNA sequencing machine.
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