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Abstract ing variable regions of esophageal mucosa, thereby creating an ab-

) ) ) o _ normal clonal field that can evolve increased 4N fractions and aneu-
Previous studies have demonstrated multifocal neoplasia in Barrett's ploid cell populations in the absence of cancer.

esophagus. We evaluated 213 mapped, flow-purified, endoscopic biopsies
to determine the distribution of p53-mutant clones in the Barrett's seg-
ments of 58 patients who had high-grade dysplasia without cancer. Twen-

ty-nine patients (50%) had p53 mutations in their Barrett's segments, Patient Samples. The Seattle Barrett's Esophagus Study was approved by
including 3 patients with muitiple distinct p53 mutations. pS3mutant e 1yman Subjects Review Boards at the University of Washington and the
clones, including diploid cell populations, underwent expansion from 10 req Hytchinson Cancer Research Center. Patients were counseled concerning
9 cm in the Barrett's segment. In 12 of 29 patients (41%) with ap53 ¢ yisks and benefits of endoscopic surveillance and alternatives, including
mutation, the same mutation was found at every evaluated level of the oqqphagectomy for high-grade dysplasia. Tissue was evaluated from 61 con-
metaplastic epithelium. This extensivep53mutant clonal expansion sug-  gecytive patients who had a maximum histological diagnosis of high-grade
gests a somatic genetic basis for previous observations of field effects indysplasia in at least one biopsy at an endoscopy in the Seattle Barrett's

Materials and Methods

Barrett's esophagus. Esophagus Study between January 1995 and September 1998 and who did not
) have cancer. A sufficient sample was availablegf®8sequence analysis in 58
Introduction of the 61 patients. Mapped endoscopic biopsies were obtained for histology

o . . and flow cytometry at 1- to 2-cm intervals of the Barrett's segment (10). Exons
The incidence of esophageal adenocarcinoma has been increagifgough 9 ofp53 were typically sequenced in at least one flow-purified

rapidly in the United States and several regions of Western Eurofignple from every 2-cm level of the Barrett's segment. Two hundred thirteen
since the 1970s (1). Barrett's esophagus, the only known precursofiée-purified samples from 58 patients were evaluated.

esophageal adenocarcinoma, is a premalignant metaplasia charactéttow Cytometric Sorting. Neoplastic cell populations were purified from
ized by replacement of the normal stratified squamous epithelidm)psies obtained at 2-cm intervals of the Barrett's segment by sorting diploid
with a specialized columnar epithelium (2). Several previous studi€s 4N, or aneuploid cell populations using Ki67/DNA content multiparameter
have demonstrated multifocal high-grade dysplasia and Cancerﬂw cytometry (11). 4N fractions>6% were classified as abnormal (10).

Barrett's esophagus, suggesting a field effect for carcinogenesis in thi®\/* Sequencing. Using genomic DNA extracted from 1000-3000 sorted
condition (2, 3). cells according to our protocols, exons 5 through 9 of P& gene were

amplified by PCR as a single product according to published methods (11, 12).
The pS3tumor suppressor gene, located on chromosome 17p13pisg products were purified using Microcon-100 filters (Amicon BioSepara-

inactivated in Barrett's esophagus by mutation of one allele and Iqgshs, Beverly, MA) according to the manufacturer's instructions. Using the
of the remaining 17p allele (17p LOHRefs. 4-7). Abnormalities purified PCR products;53exons 5 through 9 were amplified as three separate
involving p53 (mutation; 17p LOH) are common in esophageal ade&CR products (exons 5-6, 7, and 8—9) and sequenced as described previously
nocarcinoma and have been detected in premalignant tissue surroud-All mutations were confirmed by at least two independent PCR reactions.
ing cancer in esophagectomy specimens (4—6, 8). Alth@&gthas Wild-type sequences were confirmed for all patients using constitutive
been studied extensively in patients who have already develop@dPles. _ _ _
cancer, relatively little is known concerning the biological behavior of Statistical Analysis. Pearsony” test for comparison of proportions was
. . . , used to compare the prevalencepdBmutations in diploid and nondiploid cell
somaticp53-mutant clones in patients who have Barrett's esophagu(s) Ulations
without cancerin vivo. In two patients, we recently demonstrateci) P '
expansion ofp53mutant clones with 8- and 11-cm Barrett's esophgagits
ageal segments 6 and 3 years before the development of cancer (9).
This raises the possibility thgdt53mutant clonal expansion is a Twenty-nine of 58 patients (50%) with high-grade dysplasia and no
frequent, early event in neoplastic progression in Barrett's esophagtancer in Barrett’'s esophagus had one or more somatic mutations in
However, there have been no systematic reports of the distributionexfons 5 through 9 of thp53 gene. Three patients had multig&3
p53 mutations in the Barrett’s segment of patients without cancenutations, including one patient, case 333, with four differgs-
Therefore, we investigategy53-mutant clonal expansion in 213 mutant clones, resulting in 34 separgi3 mutations in the 29
mapped, flow-sorted, endoscopic biopsies obtained from 58 patiepaients (Table 1). The types of mutations found in premalignant
who had high-grade dysplasia without cancer in Barrett’'s esophagtissue were similar to those reported previously in esophageal adeno-
Our results indicate tha53-mutant clones undergo expansion involvcarcinomas. We found 74% transitions (25 of 34, including four
nonsense), 15% deletions (5 of 34), 3% insertions (1 of 34), 3%
Received 6/24/99; accepted 8/17/99. complex mutations (1 of 34, two consecutive transitions, including
The costs of publication of this article were defrayed in part by the payment of pag;e nonsense), and 6% transversions (2 of 34) compared with 67—94,
charges. This article must therefore be hereby magdrtisemenin accordance with 0-11, 0-22, 0, and 0—18%, respectively, in esophageal adenocarci-

18 U.S.C. Section 1734 solely to indicate this fact. :
1 Supported by NIH Grant RO1 CA61202. noma (4-6, 8, 13, 14). More than 32% of the mutations (11 of 34)

2To whom requests for reprints should be addressed, at Fred Hutchinson Canggire nonsense, insertions, or deletions.

Research Center, 1100 Fairview Avenue North, P. O. Box 19024, Seattle, WashingtorbI taini 53 tati d t iabl . .
98109-1024. Phone: (206) 667-2875; Fax: (206) 667-6132. ones containingss mutalions underwent variable expansion in
3 The abbreviation used is: LOH, loss of heterozygosity. the Barrett's segment (Fig. 1). In one patient, the same mutation was
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found over 9 cm of a Barrett's segment, whereas the mutation was 1
localized to a single level in other cases. There was a striking tendency
for p53mutant clones to expand throughout the Barrett's segment.
The samep53 mutation was found at every evaluated level of the
metaplastic epithelium in 12 of the 29 patients (41%; Figs. 1 afg] 2,

G, H, I, andJ).

In 10 of the 29 cases (35%) who hag%3 mutation, the mutations
were detected in premalignant diploid cell populations (Table 1, 2N
Ploidy). Some of thesg@53mutant diploid cell populations were
localized to a single level of the Barrett's segment (Fig),avhereas
others underwent extensive clonal expansion in the absence of in-
creased 4N fractions, aneuploidy, or cancer (FB). 2n other cases,

a diploid p53mutant clone appeared to spread over variable regions
of esophageal mucosa before giving rise to an aneuploid cell popu-
lation (Fig. 2J). In yet other cases, thgs3-mutant clone was already
aneuploid by the time it was detected (Figl2,H, andl). One patient

had four different aneuploid cell populations, each with a different
p53 mutation, within a 3-cm region of Barrett's esophagus (FIg). 2
We also detectegp53mutant increased 4N populations adjacent to
aneuploid (Fig. &) and diploid (Fig. 2F andG) populations sharing  rig 1. clonal expansion qi53mutant populations in Barrett's esophagus. Exons 5
the same mutation. through 9 of thep53 gene were sequenced in biopsies taken at 2-cm intervals of the

p53 mutations were more prevalent in patients with aneuploidy gra_rrett‘s segment using f_Ion cytometrically purifigd samples. Each poin@ represents a
. i . . uniquep53-mutant population; therefore, patients with multiple mutations will have more
increased 4N fractions but occurred in the absence of either flakn one point (except patient 336, in whom tp&3 mutations are present in the same
cytometric abnormality. Aneuploid cell populations were present itone).

25 of the 58 patients (43%). Twenty-one of 25 patients (84%) with

aneuploidy hagp53 mutations compared with only 8 of 33 patients . I . .
(24%5) witﬁoutq;neuploidyF{ - O.%Ol). Eight ofythe 33 pztients patients with either aneuploidy or increased 4N was 25 of 33 (76%)

without aneuploidy had increased 4N fractions, and four of these eiﬁ?ﬁi{%ﬂsﬂtijooéoﬁ’ (16%) in patients with only diploid cell

(50%) hadp53 mutations. Thus, the prevalence pf3 mutations in
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Discussion
Table 1 p53 mutations in patients with high-grade dysplasia in Barrett's esophagus

Previous studies op53 mutations in Barrett's esophagus have

Case Ploid§ Nucleotide change Amino acid change  f,;sed on patients who had already progressed to cancer (4—6, 8, 13,
152 5 4,3'\‘3 N ea 4_6533(183(0;& ceTeGT Iézlrjzlfg;g?neshm 14). Our results in 58 well-characterized patients who had high-grade
194 TN 535C>T His179Tyr dysplasia without cancer in Barrett's esophagus extend our under-
259 2N, 1 4N° 742C>T Arg248Trp standing of the biological behavior p63-mutant clones in a human
ggg 1 8?\1'52 N gfé%jﬁ éﬁgg;‘gg:ﬂ premalignant epithelium. Our results demonstrate extensive expansion
33F 3.4N 633delT Thr211Frameshift of p53mutant clones to occupy fields involving up to 9 cm of
ggg gi“ %%?Tc HA;91i1F3StP it esophageal mucosa, even in the absence of flow cytometric abnor-
. e IS. ramesni " . .
333 24N, 659AG Tyr220Cys malities and cancer. The factors that determine clonal expansion of
14N ' p53mutant cellsversusclonal evolution of mutant cells to abnormal
gggj 35%’\,\“ 577(3*81?72_0)#’*_)@ H'smirgg;?é;?&er 4N fractions and aneuploidy are presently unknown. These factors
366 2N,.T4N 391-393delAAC Asn13idel may be stochastic or the result of environmental carcinogens that
391° 2N, 3.4N 916(%(} | /|%r93068tp it cause DNA damage and progression to aneuploidy when the cell cycle
446 3.8N 610-611delGA Glu204Frameshi ; - ; . L
457 30N E2aGaA Arg175His checkpomt functions op_53 are mactnvr_:\ted (15). However, it is also_
532 2N, 14N 944-945insT Ser315Frameshift possible thatp53 mutations are easier to detect than cytometric
ggg gém ‘;igg*#\ I\fpéjgftp abnormalities, especially increased 4N fractions, resulting in more
. C> rg p . . .
707 34N 818G>T Arg273Leu false-negative 4Ns than false-negatp{i_}S mutations. Ir_l 4 of the_58
768 2.3N 818G>A Arg273His cases evaluated, we observed expansion of aneuploid populations that
;gg gm g’j’ggil kf;zlfggﬂe did not havep53 mutations in exons 5 through 9, suggesting {8
839 3.7N, 650T—G Val217Gly mutation may not be necessary for either aneuploidy or clonal expan-
14N sion in Barrett's esophagus. It also remains possible in these cases that
ggg gf“ ;gggj’; i%zﬁ)f;iﬁi p53 mutations are present in exons not screepéd,is disrupted by
889 3.7N 535G>T His179Tyr an alternate mechanism, or another gene in the same pathway is
894 3.2N 524G>A Arg175His inactivated.
910 2.4N 743G>A Arg248GIn
916 2N, 3.7N 743GoA Arg248Gin Cancers of_ the Ijead and |_1eck,_lung, and esophagus appear to be
947 2.9N 712F>C Cys238Arg associated with a field effect in which development of malignancy at
980 2N, 14N IVS6+1G—>T Splice donor ita i i ; i ;
994 18N 192 493GOAT LysGIn164LysStp one site is associated with an increased risk of a second cancer at

@Ploidy or ploidies with p53 mutation.
P 1 4N, 4N fraction>6.0%.

¢ Patient 333 has four differem53 mutations, each in a unique sample.
d patient 336 has two differemi53 mutations in the same allele.

€ Mutation reported previously (9).
fpatient 839 has two differeq53 mutations, each in a unique sample.

another site (16-19). Although this is less frequently considered for
Barrett’'s esophagus, we and others have observed multiple neoplasms
in the same patient’s Barrett's segment (2 3he nature of these

4B. J. Reid, unpublished data.
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Fig. 2. Spatial distribution 0p53 mutations in
individual patients with high-grade Barrett's esoph-
agus. Representative maps of the locatiorps%
mutant populations within the Barrett's segment.
Exons 5 through 9 of thp53gene were sequenced
using flow-purified cell populations every 2 cm of
the Barrett’s lengthp53 status is indicated by the
color in the circle. Ploidy is thewumber insidethe
circle. 1 4N,a 4N fraction>6.0%.Tick markscm.
A-J, patient no. and number of centimeters evalu-
ated:A, patient 839, 13 of 17 cnB, patient 129, 9
of 11 cm; C, patient 790, 11 of 12 cmD, patient
336, 13 of 15 cmiE, patient 333, 7 of 8 cmF,
patient 980, 9 of 11 ¢, patient 366, 7 of 8 cm; G
H, patient 181, 7 of 10 c; patient 298, 3 of 4 cm;

J, patient 916, 5 of 7 cm.
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field effects is an important question in human neoplastic progressioapidly throughout the Barrett's segment. It is unlikely that loss of the
A field exposure to a carcinogen such as tobacco smoke could resalhainingp53 allele provides the second hit because 94%p%3%

in polyclonal abnormalities (20, 21). Alternatively, mutant cells mayhutant clones in this study had 17p LOH (data not shown).

spread to create an abnormal clonal field within which multiple p53is inactivated in 50% of human cancers, and it is likely that
cancers can develop (20, 22). The answer to this question will hgys3-mutant clonal expansion is common to many human neoplasms.
implications for assessing risk of developing a second cancer, @r observations are consistent with case reporgs58fmutations or
pathogenesis of the development of second malignancies, and thei LOHs found over extensive areas of other premalignant condi-
treatment. Our study gf53 mutations provides evidence for a clonakjons (20, 24)p53mutant clonal expansion has been well described in
field effect in the majority of cases and possible multifocal mutageghe progression of central nervous systems malignancies (22). Studies
esis in a smaller number of cases. For example, we observed 12 c@a§&semalignant lung tissue from smokers or ex-smokers have dem-
in which a singlepS3mutant clone expanded to involve the entirg,nsirated extensive expansionpd3mutant clones as well as mul-
Barrett's segment. In these cases, subsequent somatic genetic apgg independent clones in the same patient in the absence of cancer
malities developing in thigp53-mutant clonal field (_:ould _Iead to_(20)_ One study of smokers who developed multiple head and neck
cancer. Yet, we have also obsgrved three cases n which mumegencers reported polyclonpb3 mutations (21). However, other ge-
p53mutant clones were present in the same patient. Such cases C%lélfflc abnormalities, including 3p and 9p LOH, arise as early events

provide evidence for multifocal carcinogenesis in the Barrett's Segt]'r(ipg neoplastic progression in upper aerodigestive cancers, and it is
ment because each clone could have arisen independently and cauld .

o 0ssible these or other events represent a common progenitor to the
progress to cancer. We cannot rule out the possibility of a commpn " -
o : . ater p53 abnormalities (25). Our results indicate thzi3mutant
progenitor in which thg53 mutations developed as subclones. For . . )
. L clones can undergo extensive expansion, creating an abnormal clonal
example, p16 inactivation could precede the obsep&&iabnormal- _ . . ,
ities in these cases (9). Regardless, the clonal expansion we h%?,'g of muta_nt cells that frequently |nvolves_ the_ entire Barrett's
observed fop53-mutant cells has implications for therapy of high_segment. This clonal expansion can occur in .dlplpfﬁﬁmutg.nt
grade dysplasia or early cancer in Barrett's esophagus. Tp&e clones that have not developeq rovy (.:ytometrlc abnormallmes or
mutant clonal fields may be responsible for the relatively rapid redg@ncer- We also observed multiple disti&i3-mutant clones in a
velopment of high-grade dysplasia in some patients, as well as gpaller number of cases. Ffanent 333 WQS interesting becguse four
appearance of cancers, after endoscopic ablative therapy (23). p53mutant clones, each with mutations in exon 6, arose in close
Most of the mutations we detected were either confined to a singigatial proximity. MultiplepS3mutant clones have been described
level or found throughout the Barrett’'s segment (Fig. 1). The basis féfeviously in patients exposed to field carcinogenesis (21, 26), and
this distribution is unknown. One possibility is that the mutationgutation clusters have been reported forARCgene (27). However,
arose at different stages in the evolution of the Barrett's segmefftis case was an exception in our study, and the majority of cases
Thus, a mutation that developed as an early event might expand asfffvide evidence for simple clonal expansion. Our data are consistent
Barrett's segment expands, whereas a mutation that developed aftiéh previous studies indicating that diplopb3-mutant clones are
expansion of the Barrett's segment might be more localized. Alterngrogenitors to neoplastic cell populations with increased 4N fractions,
tively, expansion ofp53-mutant clones within the Barrett's segmeni@aneuploid DNA contents, and other LOH events (7, 9, 28). Thus,
might require a second hit. Thus, clones without the second hit woudlbnal expansion op53-mutant cells is an early event in neoplastic
remain localized, whereas those with the second hit could expamagression in Barrett's esophagus that creates an abnormal clonal
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field in which other genetic abnormalities develop over a period of abnormalities in adenocarcinoma of the oesophagus and gastric cardia. Br. J. Cancer,

years before culminating in cancer.
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