F Clin Pathol: Mol Pathol 1999;52:125-130

Downloaded from mp.bmj.com on February 10, 2012 - Published by group.bmj.com

125

Review

Molecular Biology
Research Facility and
the Department of
Pathology, University
of Natal School of
Medicine, Congella
4013, Durban, South
Africa

R Naidoo

R Chetty

Correspondence to:
Professor Chetty.

email:
chettyr@med.und.ac.za

Accepted for publication
21 January 1999

DNA repair gene status in oesophageal cancer

R Naidoo, R Chetty

Abstract

DNA repair genes and microsatellite
instability (MSI) are relatively recently
described molecular events that have
been associated particularly with colorec-
tal cancers in the setting of hereditary
non-polyposis colorectal cancer or the
Lynch syndromes. Several other gastro-
intestinal (and other) malignancies have
been analysed for abnormalities in DNA
repair genes and MSI. Dietary and
environmental factors have been
implicated strongly in the aetiology of
oesophageal cancer. However, the effect of
this on the genetic profile, especially the
DNA repair system and resultant MSI, is
largely unknown. The purpose of this
review is to provide a brief background of
the dietary and environmental factors in
oesophageal carcinogenesis and to
discuss the role of the repair genes and
MSI in the molecular pathogenesis of this
malignancy. Several studies indicate that
MSI (range, 3-40%) and loss of hetero-
zygosity (LOH) (range, 3-64%) in the
DNA repair genes are uncommon in
carcinogenesis of the oesophagus. Most
data are at the lower end of the ranges and
this, together with the lack of uniform
criteria for the assessment of MSI, ac-
counts for the higher figures obtained in
some studies. The rates of detection of
MSI do not approach that of other gastro-
intestinal malignancies, such as gastric
(up to 23%) and colorectal (up to 31%)
carcinomas.

(¥ Clin Pathol: Mol Pathol 1999;52:125-130)
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There are several factors that influence the
pathogenesis of oesophageal carcinoma. Cer-
tain countries have a higher incidence of the
disease and these include China, Japan,
Switzerland, France, Finland, certain parts of
Africa (especially Southern Africa), and Iran.
There are also local variations within single
countries.'

There are a number of predisposing factors
that seem to influence the pathogenesis of
oesophageal carcinoma. However, in most
reports there is no clear separation of specula-
tive and proven aetiological factors. Poor oral

hygiene, mechanical trauma, dietary intake,
physiological narrowing of the oesophagus,
syphilis, and megaoesophagus have all been
proposed (among others) as predisposing
factors, without convincing proof. In particu-
lar, adenocarcinoma of the oesophagus is asso-
ciated with Barrett’s oesophagus: patients with
this disease have a 30—40 times greater risk of
developing adenocarcinoma compared with
the general population.

In this review we will present dietary and
environmental risk factors, before dwelling on
the putative role of the DNA repair genes and
microsatellite instability (MSI) in oesophageal
carcinogenesis.

Dietary and environmental factors
Scientists now believe that one third of all can-
cers are related to what we eat. High salt diets
containing large amounts of smoked and salt
pickled foods are said to be high risk factors for
oesophageal carcinoma. Nitrates and nitros-
amines, which are found in many preserved
foods, are thought to be potent carcinogens.
Increased intake of foods containing these
compounds promotes the development of
oesophageal tumours. In addition, alcohol
ingestion has also been implicated in the
aetiology of oesophageal cancer.

Another factor that has been linked to the
development of oesophageal cancer is tobacco
smoking. Tobacco contains more than 4000
chemical compounds, of which 43 are con-
firmed carcinogens (published by the Ameri-
can Association for Cancer Research). The
higher incidence of oesophageal carcinoma
among those who smoke or chew tobacco
implicates nicotine and other carcinogenic
agents found in tobacco in the aetiology of this
disease.

Oesophageal cancer is the most common
malignancy encountered in South African men
in the Transkei/KwaZulu-Natal region.” The
aetiopathogenesis of this cancer varies geo-
graphically, with alcohol and cigarette smoking
being implicated in North America and
Europe. However, in Central Asia, China, and
South Africa vitamin deficiencies, lack of
protective antioxidants, and diets high in
carcinogens are thought to play a pivotal role in
the development of the disease.” In South
Africa, the uneven geographical distribution of
oesophageal cancer indicates that dietary and
local cultural practices play an important role
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in the development of oesophageal cancer. A
vastly increased incidence of the disease in the
Transkei region might be related to a deficiency
of molybdenum or a disturbance of the
zinc/copper ratio in the soil. Furthermore, epi-
demiological studies suggest that [180-90% of
cancers are attributable to lifestyle, with 50%
being diet related. Various genotypes of human
papilloma virus have also been detected in
oesophageal cancers; however, their specific
role is not clear.

Allied to these environmental risk factors is
the influence of molecular genetic alterations
that might accrue from the aforementioned
factors or precede these environmental influ-
ences. Several genes have been implicated in
the aetiology of oesophageal carcinoma: p53,
the retinoblastoma gene, APC (adenomatous
polyposis coli), MCC (mutated in colorectal
cancer), and DCC (deleted in colorectal
cancer). In oesophageal carcinomas, p53 gene
abnormalities are some of the most common
aberrations and occur in [133-50% of cases.
Hollstein and colleagues were some of the first
to show the role of specific p53 mutations in
the tumorigenic process in oesophageal
cancer.! The patients examined in their study
were from high risk geographical areas. Muta-
tions of the p53 gene have been described in
both squamous carcinomas and adenocarcino-
mas of the oesophagus, as well as their respec-
tive precursor lesions.

DNA damage

DNA damage with resultant mismatched base

pairs is generated by:

® Damage to nucleotide precursors.

® Errors that occur during replication.

® Genetic recombination.

® Double strand DNA breaks that lead to
chromosome disruption.’

Damage resulting from any of the above
mechanisms results in pronounced cellular
dysfunction. The errors arise as a result of
environmental insults that damage specific
nucleotides. An example of this is UV damage
to DNA. Here, UV light can lead to crosslink-
ing of pyrimidine (thymidine or cytosine) resi-
dues. The dimers that form as a result block
normal DNA replication. Another type of
injury to the DNA results from the covalent
addition of chemical groups to the nucleotides
(alkylation). In addition, purines (adenine or
guanine) spontaneously break off from the
DNA backbone because of intrinsic thermal
decompression. Finally, spontaneous deamina-
tions occur at cytosine residues, resulting in the
formation of uracil residues. Because uracil is
not one of the bases usually found in DNA,
transcription is blocked when DNA polymer-
ase encounters one of these altered residues.
DNA damage as a result of these errors is cor-
rected by the process of nucleotide excision
repair.’

Mechanisms of DNA repair

Excision repair is classified into two distinct
types, known as “base excision repair” and
“nucleotide excision repair”. During base exci-
sion repair, damaged bases are excised as free
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bases whereas, in nucleotide excision repair,
the offending base is excised as a free
nucleotide. Nucleotide excision repair, some-
times referred to as “short patch repair”, is said
to operate efficiently in DNA that has been
damaged by chemical modification, such as the
production of cyclobutane pyrimidine dimers,
which causes distortion of the helix. Mismatch
repair has been investigated intensively in
Escherichia coli and the yeast Saccharomyces cer-
evisiae. The relation between defects in mis-
match repair and human disease has been
examined closely, with particular interest in the
development of cancer.”

The mechanism of action in nucleotide exci-
sion repair is outlined in fig 1. There are two
proteins, UvrA and UvrB, that bind to
structurally damaged DNA in an ATP depend-
ent manner. The UvrC protein then binds and
cleaves the damaged strand at two sites, 12 base
pairs apart, flanking the damaged nucleotides.
Helicase II unwinds the DNA and then
polymerase | excises the nucleotides between
the two nicks and resynthesises the strand. The
final step in the process is closure of the gap,
which is accomplished by DNA ligase.

The second way in which DNA can be
altered is by mismatching of nucleotides. DNA
duplication occurs with every mitotic division
and errors could be introduced during duplica-
tion; therefore, an extremely precise proofread-
ing mechanism must exist. Although very pre-
cise, DNA polymerase is not 100% accurate.

In the E coli system, the mismatch repair
pathway recognises all single base mismatches,
except possibly C-C. In addition, all small
insertion mismatches are repaired; however,
sections that have more than four mispaired
bases are not recognised efficiently by this sys-
tem. The system recognises the mispaired
bases that arise as a result of misincorporation
during DNA synthesis. Furthermore, cells that
lack this repair system pathway have a high rate
of accumulation of mutations.

The MutHLS repair pathway is unique in
that it is suited to correct DNA replication
errors. In the E coli system, GATC sites are
usually methylated and this is achieved by the
enzyme Dam methylase. However, after repli-
cation the daughter strand is transiently
unmethylated. The repair system recognises
these unmethylated sites on the daughter
strand and selectively corrects this.

DNA repair genes

Recently, a new class of genes, known as the
DNA mismatch repair genes, has been identi-
fied. These genes encode proteins that play the
role of “proofreaders” by ensuring that the
copies of new DNA produced in the cell have
the same genetic make up or sequence as the
parent strands. The repair of biosynthetic
errors, such as alterations in microsatellite
length and single base mismatches, is a highly
conserved cellular function, which is carried
out by proteins that recognise these defective
sequences and excise and replace them with
the correct ones. Enzyme systems that faith-
fully repair these aberrations have been identi-
fied in a wide variety of organisms.® However,
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Figure 1 A diagrammatic representation of the process of nucleotide excision repair. The
damaged segment of DNA is cut out and the defect or gap is then repaired to re-establish

the normal sequence.

mutations in the genes encoding these proteins
result in defective proteins that fail to correct
replication errors. This has a cascade effect,
producing secondary mutations further down-
stream from the initial mutation site. Some-
times these secondary mutations occur in
oncogenes and tumour suppressor genes. At
present, six genes have been identified that
encode mismatch repair proteins.

These genes were identified originally in
bacteria and yeast,” and their human homo-
logues have been implicated in the pathogen-
esis of hereditary non-polyposis colorectal can-
cer, as well as a host of different sporadic
cancers that exhibit MSI. The normal DNA
mismatch repair genes maintain the integrity of
the DNA by repairing errors that occur during
DNA replication or after exposure to genotoxic
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agents/events, such as chemicals or toxins.
Defects in these repair genes lead to genetic
instability and they are therefore thought to
play a pivotal role in oncogenesis.

The two most extensively studied repair
genes are hMSH2, which is located on
chromosome 2p, and hMLHI, located on
chromosome 3p. Essentially, both hMSH2 and
hMILH]1 act as tumour suppressor genes, with
loss of both copies of the gene resulting in
abnormalities in the mismatch repair system.

The proteins encoded by the DNA repair
genes are thought to act as a complex and
mutations in any of these genes can give rise to
MSI. It is envisaged that these alterations act as
triggers for the initiation and pathogenesis of
many tumours.

The normal functions of the proteins
encoded by these genes are outlined in fig 2.
The correction of a replication error is initiated
by the binding of the 97 kDa MutS protein,
which recognises and binds to the mismatched
DNA sequence. The DNA exists as a hetero-
duplex because of the lack of complementarity
of the bases. The MutL (a 70 kDa dimer) and
the MutH (a 25 kDa monomer) proteins then
act together with the already bound MutS pro-
tein. MutH induces a nick in the strand
containing the incorrect nucleotide. The en-
zyme helicase II then unwinds the DNA strand
on both sides of the nick. This is followed by
the bidirectional removal of bases between the
nick and the mismatched base. The gap is then
filled with the correct nucleotide sequence by
DNA polymerase and the newly synthesised
strand is finally sealed by DNA ligase. Figure 3
reflects the situation when effective DNA
repair is not accomplished and MSI or DNA
slippage results.

Less is known about the homologues
hPMS1, hPMS2, and GTBP.* The products of
these genes are also thought to act as a complex
and mutations in any of these genes also give
rise to MSI. Mismatch repair has long been
known to play two major roles in the cell,
namely: as a repair mechanism for errors
arising during DNA synthesis and in genetic
recombinations that result in new genetic
markers. It is envisaged that these genetic
alterations act as a trigger for the initiation and
pathogenesis of many tumours.

Microsatellite instability

Alterations resulting from mutations in the
simple repeat sequences or microsatellites are a
feature of many tumours.'*"? It is envisaged
that the analysis of MSI may be important for
identifying a substantial fraction of human
cancers.” The eukaryotic genome contains not
only introns and exons, but also large numbers
of copies of other seemingly non-essential
DNA (> 90%). This is occasionally referred to
as “junk DNA”. These DNA sequences do not
encode proteins and in many regions are “rep-
etitious”. The variation within these repetitive
stretches of DNA is so great that each human
can be distinguished by a “DNA fingerprint”.
This fingerprint is based on the variation in the
repetitive sequences.
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Figure 2 This diagram of an Escherichia coli strain shows
how the DNA repair genes usually work. MutS and MutL
are the homologues of the human genes hMSH and
hMLH 1, respectively. The MutH homologue in humans
has not yet been identified. Once the site of the mismatched
nucleorides is detected, the repair genes bind to this site. The
MuzH protein induces a nick in the DNA molecule near the
mismatch site. The abnormal area is then excised with the
aid of DNA helicase 2 and an exonuclease 1. The resultant
gap 1 the DNA is then filled by the DNA polymerase 111
enzyme.

About a third of all these repeat sequences
are short tandem repeat sequences referred to
as microsatellites, which are scattered through-
out the human genome. The lengths of these
microsatellites are unique to each individual
and vary between individuals; however, there
are no variations between different cells in the
same individual.'* In addition, these sequences
are highly conserved and are stably inherited."

Microsatellites are located in the heterochro-
matin near chromosomal centromeres and tel-
omeres and between 55 000 and 100 000 cop-
ies are estimated to occur in the human
genome, providing a marker density of one
microsatellite every 100 000 bp."* However,
although widely distributed, microsatellites are
not regularly spaced in the chromosome.

Weissenbach er al. isolated and mapped a
large number of microsatellites to construct a
linkage map of the human genome with an
average resolution of 5 centimorgans (cM)."”
The sequence data obtained from this study are
widely used for various microsatellite applica-
tions. Microsatellites can be used for personal
identification, population genetic analysis, and
in the construction of the human evolutionary
tree.'® Furthermore, they are located at and
linked to several important gene loci; thus, they
are associated with human diseases not only as
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markers but also directly in disease aetiopatho-
genesis, providing insight into the replication,
repair, and mutation of eukaryotic DNA."
Microsatellites were thought initially to play a
functional role in the genome, either directly in
gene regulation, or indirectly as hot spots for
recombination; however, their exact function
still remains elusive. Recent studies have shown
that mutations occur in these microsatellites as
a result of mismatch repair or replicative errors
(RERs). These mutations are caused by an
increase or decrease in the number of repeats.
As a result, different lengths of DNA are
produced that arise directly from the defective
repair process. The mutations that occur are
referred to as microsatellite instability, which
has been implicated in a host of human disor-
ders, both hereditary and non-hereditary,
including colorectal, breast, and prostatic can-
cers.

There has not been a uniform definition of
either MSI or RER. A recent review has used
the following criteria: the presence of microsat-
ellite instability in at least one locus is termed
MSI positive, while it is proposed that for a case
to be RER positive, it should display MSI in at
least 29% of the microsatellite loci examined.*

MSI in the DNA repair genes in
oesophageal carcinoma

MSI has not been investigated extensively in
oesophageal cancer; most studies have been in
squamous carcinomas.

OESOPHAGEAL ADENOCARCINOMA

A study undertaken recently to determine MSI
in oesophageal cancer showed that it occurred
more frequently in adenocarcinomas than in
squamous carcinomas.”’ The 106 patients
studied included 28 patients with Barrett’s
metaplasia, 36 with Barrett’s associated adeno-
carcinoma, and 42 with primary oesophageal
squamous cell carcinoma. MSI was noted in
nine (one squamous cell carcinoma and eight
adenocarcinomas) of the 106 patients (8.5%),
in the 2p region. In Barrett’s metaplasia alone,
MSI was not found in the 2p region. This study
suggests that MSI is common in oesophageal
adenocarcinoma. However, with the varying
application of definitions of MSI, this figure is
lower than reported originally. Muzeau and
colleagues examined 20 adenocarcinomas de-
rived from Barrett’s metaplasia for MSI in the
3p region, but did not give specific details of
the results for each marker.” However, this
particular study is the only one that has exam-
ined a substantial number of patients. A study
by Wang er al examined two adenocarcinomas
of the oesophagus, but did not separate these
results from those obtained with squamous
carcinomas.” Thus, well defined information
of the status of the DNA repair genes in
oesophageal adenocarcinoma is scanty and dif-
ficult to interpret.

OESOPHAGEAL SQUAMOUS CARCINOMA

Analysis of the 2p and 3p loci in another study
also showed that a very low percentage (3%
and 9%, respectively) of cases demonstrated
MSI.** Although no significant correlation was
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shown between MSI analysis and clinicopatho-
logical findings, some of their cases correlated
with DNA replication error. Alternatively,
Ogasawara er al detected MSI and loss of
heterozygosity (LOH) in a high percentage of
their cases (up to 60% MSI).” Their results
suggest that RER at the 3p locus is an early
event and that a tumour suppressor gene
involved in the progression of oesophageal
cancer might exist in the vicinity of the 3p25
locus.

A recent study from a Chinese group using a
total of 12 microsatellite markers found MSI
and LOH at the 3p locus to be 66.7% and
42%, respectively.”? Although these last two
studies have demonstrated a high degree of
MSI in oesophageal cancers, a recent finding
by Muzeau et al failed to detect MSI or LOH at
the 2p and 3p regions in their cohort of 20
squamous cell carcinomas.”” Their study ana-
lysed 39 poly-CA microsatellite loci in the
French population.”

In the study by Mori and colleagues, 21
squamous cancers were analysed with markers
to the 3p region.”® They found that nine of 14
informative cases exhibited LOH. It must be
borne in mind that in the preceding studies,
radioactively labelled probes and not fluores-
cence based technology were used.

We conducted a microsatellite analysis using
fluorescently labelled primers on 39
oesophagectomy specimens for squamous car-
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Table 1  Microsatellite instability (MSI) and loss of
heterozygosity (LOH) for the DNA repair genes in
squamous cell oesophageal carcinoma
ase
Authors numbers Locus (2p) Locus (3p)
Meltzer et al”! 42 MSI2% B
Muzeau ez al”? 46 LOH 0% LOH 0%
MSI 0% MSI 0%
Wang ez al”® 34 — LOH
12-30% MSI
6-30%
Nakashima ez al** 32 LOH 3% LOH 0%
MSI 3% MSI 9%
Ogasawara et al” 35 LOH 3% LOH 3-35%
MSI 20% MSI 13-40%
Mori et al’® 21 — LOH 64%
Aoki ez al’’ 93 — LOH 35%
Wagata et al*® 35 — LOH 10%
Shibagaki ez al” 36 — LOH 41%
Naidoo ez al (unpublished 39 LOH 30% LOH 24-33%
data, 1998) MSI10% MSI8%

cinoma with three markers for the 2p and 3p
regions (unpublished data, 1998). MSI was not
found in the D3S659 locus, whereas for
D3S1255 and D2S123, it was 8.3% and
10.25%, respectively. For the D2S123 marker,
LOH or allelic imbalance was found in 30% of
cases, while in the 3p region, LOH ranged from
24% (D3S1255) to 33% (D3S659). Table 1
summarises the results of the various studies
into MSI and LOH of the DNA repair genes in
squamous cell oesophageal carcinoma.

Thus, the phenomenon of MSI appears to be
infrequent in oesophageal cancer, and this is
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Figure 3 These are examples of how the phenomenon of microsatellite instability arises. The upper strand (red) represents
the newly synthesised complemetary strand of DNA, while the lower strand (black) is the parent strand. During backward
shippage there is a region of non-pairing (CAG 1, shown as a bubble on the upper strand) containing one or more repeats of
the newly synthesised strand. This results in an increase in the repeat units or insertions. During forward slippage, there is a
region of non-pairing (GTC 1, shown as a bubble on the lower strand) , which results in a decrease in the number of repeat

units or deletions in the newly synthesised strand.
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the experience of several workers from different
geographical areas. Although there are two
notable exceptions,” * this might be the result
of technical differences. The use of fluores-
cence based primers together with computer
assisted software gives an objective interpret-
ation of the bands. The problem of interpret-
ation of “stutter bands” is a well recognised
pitfall when assessing microsatellite data.
Therefore, abnormalities in the DNA repair
genes seem to have a limited role in the
molecular pathogenesis of oesophageal cancer.
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