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Mutation analysis of the p53, APC, and p 1 6 genes

in the Barrett's oesophagus, dysplasia, and
adenocarcinoma
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Abstract
Ains-To study the loss of heterozygosity
and the presence of mutations at the p53,
pl6/CDKN2, and APC genes in Barrett's
oesophagus, low grade dysplastic
oesophageal epithelium, and adenocarci-
noma of the oesophagus; to relate the
presence of alterations at these genes with
the progression from Barrett's oesopha-
gus to adenocarcinoma.
Methods-DNA was extracted from paraf-
fin blocks containing tissue from Barrett's
oesophagus (12 samples), low grade dys-
plasia (15 cases), and adenocarcinoma (14
cases). Loss of heterozygosity (LOH) at
the p53, p16, and APC genes was deter-
mined by comparing the autoradio-
graphic patterns of several microsatellite
markers between the normal tissue and
the malignant tissue counterpart. SSCP
was used to determine the presence of
mutations at p53 (exons 5 to 8), p16 (exon
2), and APC. Homozygous deletion of the
p16 gene was defined through polymerase
chain reaction foliowed by Southern blot.
Results-LOH at the p53, p16, and APC
genes was not observed in Barrett's
oesophagus without dysplasia, and in-
creased to 90% (p53), 89% (p16), and 60%
(APC) in the adenocarcinomas. The p53
gene was mutated in only two adenocarci-
nomas (codons 175 and 245). In one case a
mutation at the APC gene (codon 1297)
was found. No patient had mutation at the
second exon of p16. However, this gene
was homozygously deleted in three of the
12 adenocarcinomas.
Conclusions-The tumour suppressor
genes p53, p16, and APC are often deleted
in adenocarcinomas derived from Bar-
rett's oesophagus. Mutations at these
genes are also found in the adenocarcino-
mas, including the homozygous deletion
of the p16 gene. However, the absence of
genetic alterations in the Barrett's
oesophagus and the low grade dysplastic
epithelia suggest that mutations at these
genes develop later in the progression
from Barrett's oesophagus to adenocarci-
noma.
(7 Clin Pathol 1997;50:212-217)
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Barrett's oesophagus develops as a result of
chronic gastro-oesophageal reflux, leading to
the replacement of normal stratified squamous
epithelium of the oesophagus by metaplastic
columnar epithelium.' In the USA the number
of cases of Barrett's oesophagus has been esti-
mated to be two million.2 Within 10 years, 10%
of patients with Barrett's oesophagus progress
to oesophageal adenocarcinoma by a multistep
process morphologically defined as metaplasia
- low grade dysplasia -* high grade dysplasia
e adenocarcinoma. Barrett's epithelium can
be detected and biopsied by endoscopy.'
Oesophagectomy can be performed curatively
in these patients. Most patients are subjected to
periodic biopsy for the early detection of
cancer.4 Patients with high grade dysplasia or
early carcinoma have a favourable prognosis
after the malignant epithelium is surgically
removed.5 6 In addition to cancer epithelium,
the surrounding premalignant epithelium is
also removed, thus allowing study of molecular
alterations involved in neoplastic progression.
Several groups have defined a central role of
p53 in this cancer, suggesting that abnormali-
ties at this tumour suppressor gene occur as an
early event in the progression to adeno-
carcinoma.7'12 Cells from normal epithelium
contain two normal (wild type) copies of p53,
while in most of the patients both copies ofp53
in the high grade dysplastic epithelium were
inactivated through allelic loss and
mutation.7 13 Inactivation of the p53 gene is
followed by the development of aneuploidy.'
Flow cytometry measurement ofDNA content
abnormalities has now been established as a
marker for risk of progression to cancer." 1 5
Patients with a normal diploid epithelium have
a very low risk of progressing to cancer.15 16
Allelic losses of 5q have been detected in
several human solid tumours, including
oesophagus and colon.'7 18 This chromosomal
region harbours the APC gene, a tumour sup-
pressor frequently mutated in colon carci-
noma. Loss of heterozygosity (LOH) at APC
has been described in Barrett's adenocarcino-
mas. In all cases, LOH at p53 precedes LOH at
APC.'9
Another tumour suppressor gene, p 16/

CDKN2/MTS 1, is often involved in the devel-
opment of most human cancers.20 This gene
maps to chromosome 9p2 1, a region of
common deletion in several cancer types,
including oesophageal carcinomas.21 CDKN2
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is a protein that forms binary complexes with
the cyclin dependent kinases Cdk4 and Cdk6,
inhibiting their ability to phosphorylate the
retinoblastoma protein (pRB).22 Unphosphor-
ylated pRB prevents the cell from entering the
cell cycle. Thus loss of p16 allows the cell to
grow and divide, a characteristic of cancer.
Loss of the p16 function occurs through three
major mechanisms: nucleotide mutation, gene
deletion, and loss of expression after methyla-
tion of a CpG island located at the 5' region of
the gene.23.27
We have studied the p53, APC, and p16

genes in several cases of Barrett's oesophagus
with different grades of dysplasia and Barrett's
derived adenocarcinomas. Our aim was to
establish the role of mutations at these genes in
the origin and progression of this malignancy.

Methods
TISSUE SAMPLES AND PATHOLOGICAL ANALYSIS
Oesophageal epithelium was obtained from
endoscopic biopsies or oesophagectomy sam-
ples. The whole tissue sample was embedded
in paraffin, sectioned into 4 pim slices, and ana-
lysed for histopathological classification. Sam-
ples were classified as previously described as
negative for dysplasia, low grade dysplasia, and
adenocarcinoma.3 4 Patients with adenocarci-
noma had not received chemotherapy or radia-
tion before surgery. For each patient, microdis-
sections containing epithelium with more than
75% metaplastic or Barrett's cells were pre-
pared. Microdissections consisting of the
normal surrounding mucosa were also pre-
pared.

DNA EXTRACTIONS
DNA was extracted from tissue slices contain-
ing the abnormal epithelium and from the nor-
mal epithelium counterpart. Briefly, each 10
,um slice was placed in a 1.5 ml Eppendorf tube
and incubated overnight at 52°C in 0.5 ml of
lytic solution (10 mM Tris pH 7.5, 1 mM
EDTA, 1% SDS, 0.5 mg proteinase K).
Incubations were successively extracted with
equal volumes of phenol and phenol-
chloroform. After addition of 0.1 volume of
3 M sodium acetate, pH 7.5, and two volumes
of ethanol, DNA was precipitated for 12 h at
-20°C, pelleted by centrifugation, dried, and
resuspended in water.

LOH ANALYSIS

PCR was used to amplify one dinucleotide
(microsatellite) and one VTR polymorphism,
both intragenic to p53, one dinucleotide poly-
morphism (L5.71) closely linked to the APC
gene, and two chromosome 9p2l dinucleotide
polymorphisms (D9S157 and D9S171) flank-
ing the p16 gene.28-31 Approximately 50 ng of
genomic DNA were amplified and electro-
phoresed as previously described.32 Autoradio-
graphic patterns of normal tissue and patho-
logical tissue pairs were analysed by
densitometry, and loss of heterozygosity was
defined as a reduction in the signal of more
than 80% in one of the alleles in the tumour
tissue.

SSCP AND SEQUENCING OF P53, APC, AND P16
Primers and polymerase chain reaction (PCR)
conditions for amplification of exons 5 to 8 of
p53, codons 1260 to 1547 of APC, and the
second exon of p16 have been described
before.32 34 SSCP analysis was adapted from the
original method of Orita et al.35 Briefly, 5 pl of
the PCR product were mixed with 50 pl of for-
mamide denaturing loading buffer and heated
at 95°C for five minutes. Five microlitres were
loaded on a 7% polyacrilamide gel containing
5% glycerol and electrophoresed at 5 W for 12
hours in a cooling room refrigerated at 4°C.
Tumours showing band shifts were amplified

and PCR products were purified and subjected
to direct sequencing as previously described.32
Mutations were confirmed by sequencing both
strands from two different amplifications.

HOMOZYGOUS DELETION OF THE P16 GENE
Genomic DNA from pathological samples was
simultaneously amplified (multiplex PCR) for
the first exon of p16 and a sequence of the
human N-acetyltransferase 2 (NAT2) gene.
Primers for exon 1 of p16 were GAAGAAA-
GAGGAGGGGCTGGCTGGTCACCA and
GCGCTACCTGATTCCAATTCCCCTGC-
AAAC and amplified a fragment of 340 bp.
Primers for the NAT2 gene were GGGGAT-
CATGGACATTTGAAG and CTTCCCAA-
GATAATCACAGGCC, and amplified a se-
quence of 1125 bp corresponding to
nucleotides 755 to 1880 of the NAT2
sequence (EMBL accession number X14672).
Reactions consisted of 100 ng of genomic
DNA, 50 pmol of each of the four primers,
200 ptM of each dNTP, 2.5 mM MgCl2, 1 x
reaction buffer, and 1 unit of Taq polymerase
in a total volume of 50 gl. PCR conditions
consisted of an initial denaturing step of five
minutes at 98°C followed by 20 cycles of 30
seconds at 95°C, one minute at 62°C (anneal-
ing), and one minute at 72°C (extension). Ten
microlitres of each reaction were electro-
phoresed overnight on a 1.5% agarose gel and
subjected to Southern blot analysis following a
standard protocol. Briefly, DNA was blotted
onto a nylon membrane and hybridised at
42°C with a formamide hybridisation solution
containing the p16 (first exon) and NAT 1
probes radioactively labelled by random prim-
ing. After a final wash at 650C with 0.1 x
NaCl/sodium citrate (SSC)/0.5% sodium do-
decyl sulphate (SDS), membranes were auto-
radiographed at -80°C for 2-12 hours.

Results
We compared the patterns for two 9p2l micro-
satellites (D9S171 and D9S157), one APC
microsatellite, one p53 microsatellite, and one
p53-VTR in DNA samples from pathological
and normal tissue counterparts. DNA samples
were obtained from 12 Barrett's patients with-
out dysplasia, 15 patients with low grade
dysplasia, and 14 patients with adenocarci-
noma. Thirty one patients were informative for
at least one of the two p53 markers and LOH
was found in 45% (14/31) of them (fig 1).
LOH was not found (0/8) in Barrett's oesopha-
gus without dysplasia, but was present in 92%
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Figure1 Positive and negative loss of heterozygosity for polymorphisms p53-VTR (A), APC-VTR (B), and D9S171
(C). Deleted alleles are characterised by a significant reduction of the signal in tumour tissue (T) DNA relative to normal
tissue (N) DNA. For each marker, cases with retention of heterozygosity (left) and LOH (right) are shown.

(11/12) of the adenocarcinomas. Similarly,
LOH at 9p2l increased from 0% (0/7) in Bar-
rett's oesophagus negative for dysplasia to 91%
(10/1 1) in adenocarcinoma (fig 1). Interest-
ingly, DNA of patient 21 was available from
both the low grade dysplastic and the adeno-
carcinoma epithelium. In this case LOH at p53
and 9p2l was found in the adenocarcinoma,
while both alleles at the p53 and 9p2l markers
were retained in the low grade dysplastic
epithelium.

Loss of heterozygosity at the APC gene was
only found in 55% (6/1 1) of the adenocarcino-

mas. All the six tumours showing LOH at this
gene also had LOH at p53 (table 1).
SSCP analysis of exons 5 to 8 of p53 showed

the presence of a mobility shift in two
adenocarcinomas (exons 5 and 7) (fig 2).
Direct sequencing of these cases indicated the
presence of missense mutations at codon 175
(CGC:Arg->CAC:His) and at codon 245
(GGC:Gly-*AGC:Ser). SSCP for codons
1260-1410 and 1389-1547 of the APC gene
showed a mobility shift in the 1260-1410 seg-
ment in one case (fig 2). Direct sequencing
showed a T deletion at codon 1297

Table l p53, APC, and pl6 allelic losses, p53 mutations, homozygous deletion ofpl6

Patient Neoplastic stage p53 LOH APC LOH 9p21 LOH p53mut pl 6del

102 Barrett's - - NI - -
103 Barrett's NI - NI
6 Barrett's - NI - - -
8 Barrett's - - NI
9 Barrett's NI
11 Barrett's - NI NI
13 Barrett's NI NI NI
22 Barrett's
23 Barrett's NI
24 Barrett's
29 Barrett's - - - - -
14 Barrett's - NI
4 LGD NI - - - -
7 LGD + - - - -
14 LGD - NI - - -
16 LGD NI - NI - -
17 LGD NI
18 LGD - - - - -
112 LGD + - NI - -
113 LGD - - - - -
5 LGD + NI + - -
21 LGD - NI - - -
101 LGD - NI NI - -
19 LGD - - NI - -
20 LGD - - - - -
26 LGD - NI - - -
28 LGD NI NI - - -
111 ADENO + - + - -
21 ADENO + NI + - -
12 ADENO + + + - -
36 ADENO + - + + (Exon5)
1 ADENO + + + - +
2 ADENO NI NI + - +
3 ADENO + - + + (Exon7) +
104 ADENO - - - - -
105 ADENO + + + - -

106 ADENO + + NI - -
107 ADENO + + + - -
108 ADENO NI - NI - -
109 ADENO + + NI - -
110 ADENO + NI + - -

LGD = low grade dysplasia; ADENO = adenocarcinoma; p1 6del = homozygous deletion of p 1 6; NI = not informative.
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Figure 2 (A) SSCP analysis of exon 7 ofp53. Tumour 3 shows a mobility shift. (B) SSCP analysis of codons
1260-1410 of the APC gene. Tumour 12 shows a mobility shift. (C) Direct sequencing of the APC gene from tumour tissue
(left) and normal tissue (right) of case 12.
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cycles. We observed a p16 signal equivalent to
that of the NAT2 sequence in 37 of the 40 sam-
ples. However, in three of the 12 adenocarcino-
mas the p16 autoradiographic band was absent
or very faint, indicating the homozygous dele-
tion of the gene in these patients (fig 3).

of p16 Discussion
iplifica- We have analysed the role of genetic abnor-
al non- malities (allelic loss and mutation) of the p16
n some and p53 genes in the progression from Barrett's
)zygous epithelium to oesophageal adenocarcinoma. A
ribed in high frequency of alterations at the p53 gene,
itLOH either loss of heterozygosity or mutation in
irs with exons 5 to 8, has been found in most human
deter- cancers.'6 Several investigators have described
homo- the p53-LOH in most Barrett's adenocarcino-
consist- mas. We found loss of heterozygosity at this
the first gene in 92% of adenocarcinomas and in 27%
NAT2) of the low grade dysplasias. However, loss of
iinimise heterozygosity was not found in eight informa-
epithe- tive Barrett's oesophagus without dysplasia.
Af PCR Taken together these data indicate that loss of

heterozygosity at the p53 gene is a genetic
alteration that occurs in the transition from
Barrett's epithelium to low grade dysplastic
epithelium. Regarding p53 mutations, pub-

-4- NAT lished data are contradictory, with mutation
frequencies in the Barrett's adenocarcinomas
varying from 10% to 100%. The p53 gene was
found to be mutated in two cases, representing
14% of our adenocarcinomas. Both p53 muta-
tions, at codons 175 and 245, had been
described previously in several cancer types,
including Barrett's adenocarcinomas. Discrep-
ancies in the frequencies of p53 mutations can

. p16 be attributed to differences in the methodology
used for the detection of mutations, such as the
sets of PCR primers used for amplification of
exons 5 to 8 or the type of technique (DGGE
or SSCP). Compared to other studies using
SSCP, we found a lower frequency of p53
mutations. We used intronic PCR primers that
allowed us to amplify the complete coding
sequence of exons 5 to 8. We have previously

3 show a described the SSCP analysis and direct se-
quencing of the p53 gene in several head and
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Figure 3 Southern blot analysis of the NAT2 and pl6 genes. Tumours 1,2, and
very faint p16 signal suggesting the homozygous deletion of this gene.
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neck tumours. Following our SSCP protocol a
total correlation was found between SSCP and
direct sequencing. Thus the lower frequency of
mutations found in our Barrett's adenocarcino-
mas most probably represents the real inci-
dence in our tumours. We did not find any p53
mutations in the 12 cases of Barrett's oesopha-
gus without dysplasia, suggesting that muta-
tions at this gene occur as a late event in the
progression towards adenocarcinoma.

Loss of heterozygosity at the APC gene is a
common alteration in Barrett's adenocarci-
noma. In no patient did we find APC-LOH
and retention of both alleles at the p53 gene.
This suggests that p53-LOH precedes or is
concurrent with APC allelic losses. Addition-
ally, we searched for mutations at a region that
contains the hot spots of APC mutations in
colorectal tumours.37 In accordance with the
two hit model for tumour suppressor gene
inactivation, one adenocarcinoma showed both
APC-LOH and a mutation in the APC
retained allele. We only analysed part of exon
15, so the rate of APC mutations in Barrett's
adenocarcinoma could be higher than that
described here. In addition, the MCC gene,
closely linked to APC on chromosome 5q,
could be the target for mutations in tumours
with loss of heterozygosity at this region.

Loss of heterozygosity at 9p2l occurs at a
high frequency in several human cancers,
including adenocarcinoma of the oesophagus."
This chromosome region contains the p 16
gene which has the properties of a tumour sup-
pressor gene. The p16 gene has been found
deleted and mutated at a high frequency in
human cancer cell lines, which is the reason
why it was named multiple tumour suppressor
1 (MTS- 1). However, p 16 mutations are much
less frequent in primary tumours. Homozygous
deletion and loss of expression through meth-
ylation of a CpG island located at the 5' end of
the gene have been recently described as the
main mechanisms for the absence of the p16
protein in primary tumours. Our results
showed the absence of p 16 mutations in
tumour tissue. This gene was homozygously
deleted in 25% of the adenocarcinomas,
suggesting a role for p 16 in the development of
a significant number of Barrett's oesophageal
adenocarcinomas.

Oesophageal adenocarcinoma can develop
from Barrett's epithelium as a result of
alterations at several tumour suppressor
genes.38 In addition to the involvement of p53,
we describe the loss of the p16 gene through
homozygous deletion as a mechanism contrib-
uting to the development of this cancer type.
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