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MUC1 gene polymorphism and gastric cancer—
an epidemiological study
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Gastric carcinoma is a major cause of cancer death worldwide and, like most human cancers, probably develops after
environmental insults acting on normal individuals and/or individuals with increased genetic susceptibility. Mucins are
attractive molecules to study the relationship between genetics and environment because they play an important role in the
protection of gastric mucosa against environmental insults and exhibit a highly polymorphic genetic variation. We
performed a case-control study using Southern blot analysis to evaluate the MUC1 gene polymorphism in a series of blood
donors (n5324) and in patients with gastric carcinoma (n5159). We found that the distribution of MUC1 alleles is
significantly different in the two populations and that small MUC1 alleles and small MUC1 genotypes are significantly more
frequent in patients with gastric carcinoma than in controls. Individuals with small MUC1 genotypes are at increased risk for
gastric carcinoma development.
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Introduction

Gastric carcinoma is a major cause of cancer death world-
wide [1] and, like most human cancers, probably develops
after environmental insults acting on normal individuals
and/or individuals with increased genetic susceptibility
[2, 3]. The relative contribution of environmental exposure
and genetics for the risk of developing gastric carcinoma is
far from being established. Diet and infections, with particu-
lar emphasis on Helicobacter pylori infection, have been
identified as exposure risk factors [4, 5]. In contrast to most
Western countries, the mortality rates from gastric
carcinoma have not declined in Portugal [6] raising the
possibility that the Portuguese population may have some
particular genetic susceptibility for gastric carcinoma devel-
opment.

Mucins are attractive molecules to study the relationship
between genetics and environment because they play an
important role in the protection of gastric mucosa and
exhibit a highly polymorphic genetic variation in their
length. In fact, mucins are the major structural components
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of the mucus viscous gel covering the gastric mucosa, and
represent the first line defence barrier against environmental
aggressions. All mucins have in common the presence of
extended arrays of tandemly repeated peptides rich in serine
and threonine residues that are potential O-glycosylation
sites. The variable number of tandem repeats accounts for
the extensive polymorphism observed at DNA, RNA and
protein levels [7—14]. MUC1 [10, 15, 16] and MUC2 [17] are
the only two fully sequenced human mucin genes.
Several other human mucin genes have been cloned and
partially sequenced [12—14, 18—21]. The protein product of
the MUC1 gene (mammary/pancreatic mucin) has a molecu-
lar weight that correlates to the size of the mRNA and to the
size of the DNA restriction fragments, suggesting an impor-
tant gene effect on the final structure of the mucin [22]. All
known mucins are secreted products except MUC1 which
has a transmembrane anchorage domain leading to a mem-
brane-bound mucin.

MUC1 mucin is highly expressed on the gastric mucosa
[23] and therefore we advanced the hypothesis that MUC1
polymorphism, resulting in individual size differences with
respect to VNTR (variable number of tandem repeats),
might influence the function of MUC1 mucins, i.e. could
provide different protective effects against various environ-
mental aggressions.
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In order to verify our hypothesis we performed a case-
control study using Southern blot analysis to evaluate
MUC1 gene polymorphism in patients with gastric carci-
noma and in a control group of blood donors.

Materials and methods

We have evaluated, in a case-control study, the MUC1 gene
polymorphism in a Caucasian control group of blood
donors (n"324) and in a series of patients with gastric
carcinoma (n"159). DNA from the control population was
isolated from blood samples (10 ml), collected after obtain-
ing informed consent. Blood samples were pelleted and
stored at !70 °C until DNA extraction. DNA from pa-
tients with gastric carcinoma was isolated from samples of
non-neoplastic gastric mucosa collected immediately after
surgery. The collected tissue samples were frozen in liquid
nitrogen and stored at !70 °C until DNA extraction.

High-molecular weight DNA was isolated using a salt-
chloroform extraction method, as previously described by
Mullenbach et al. [24]. DNA samples from blood donors
and gastric cancer patients were digested with EcoRI that
recognizes restriction sites in the flanking regions of the
tandem repeats of the MUC1 gene, separated on 0.7%
agarose gel by electrophoresis, for 17—19 h at approximately
53 V, and transferred to nylon membranes (Hybond-N,
Amersham) by alkaline blotting [25].

The MUC1 probe was constructed using primers to the
flanking regions of the tandem repeats (Primer sense —
5@TGGGCTGGGGGGGCGGTGG3@: Primer anti-sense —
5@CGGTGTCACCTCGGCCCCGGACA3@). The PCR
product of 94 bp (base pairs) was subcloned into Eco RI site
of pT7T3 plasmid vector (Pharmacia). The total plasmid
was PCR-labelled with [a-32P] dCTP (Amersham) and
used as a probe for the MUC1 tandem repeat region. Fol-
lowing an initial denaturation of 94 °C for 3 min, the ampli-
fication was performed for 30 cycles with denaturation at
94 °C for 1 min, annealing at 50 °C for 2 min and extension
at 72 °C for 3 min. An additional extension period of 10 min
at 72 °C was performed in the end of the cycles. The labelled
probe was purified from non-incorporated nucleotide by
passage through Sephadex-G50 columns.

Prehybridization was performed for 3—4 h in a phosphate
solution (0.5 M NaHPO

4
, pH"7.2, 1 mM EDTA, 7% SDS)

at 65 °C. Hybridization was performed overnight at 65 °C.
Washing of the blots was performed under high stringency
conditions (first with 40 mM NaHPO

4
, 1 mM EDTA, 5%

SDS, and secondly with 40 mM NaHPO
4
, 1mM EDTA, 1%

SDS, at 65 °C). Membranes were exposed for autoradiogra-
phy at !70 °C with an intensifying screen. Autoradiogra-
phy was developed after 7 days.

All bands from the autoradiograms were scored visually.
The size of the different alleles of the MUC1 gene, both in the
blood donors and in the gastric carcinoma patients, was
determined by comparison with the size of the fragments of
the marker jHindIII (Amersham). All the alleles identified in
controls and patients were ranked and numbered from 1 to
15 according to their molecular weight. Allele 1 represents
the allele with higher molecular weight and allele 15 repres-
ents the allele with lower molecular weight.

The comparison between cases and controls was per-
formed using s2 statistics and Student’s t test. The Monte
Carlo test applied to the study of highly polymorphic genes,
as described by Sham and Curtis [26], was performed using
the computer program CLUMP (ftp.diamond.gene.ulc.ac.uk
[directory/pub/packages/dcurtis]). Odds ratio and 95%
confidence limits were determined using the BMDP 4F
computer program (Statistical Package program BMDP;
Los Angeles, CA, USA).

Results
Comparison between controls and cases regarding age,
gender and ABO histo-blood groups
The age of the control population (n"324) was 39.7$11.0
and the age of the gastric carcinoma patients (n"159) was
61.0$12.3 (p(0.0001). The male:female sex-ratio was
3.6 : 1 in the control population and 1.6 : 1 in the patients
with gastric carcinoma (p(0.0001). The blood group was
known in all the donors and in 113 patients with gastric
carcinoma. Both populations were in Hardy-Weinberg
equilibrium regarding the ABO histo-blood groups. The
differences between the two populations were not significant
(p'0.05), regarding the ABO system.

Both populations are Caucasian and originate from the
same districts in the Northwest part of Portugal.

We considered the samples appropriate for a case-control
study of the MUC1 gene polymorphism based on the pres-
ence of Hardy-Weinberg equilibrium in the ABO system.
The differences in age and gender of controls and patients
with gastric carcinoma will be further analysed when com-
paring the two populations for the MUC1 gene polymor-
phism.

Comparison between controls and cases regarding
MUC1 gene polymorphism

Fifteen alleles were identified in the 324 blood donors. The
allele size ranged from 8.9 kb (kilobase pairs) to 12.6 kb
— alleles 15 and 1 in the ranking system (Fig. 1). Thirteen
alleles were identified in the 159 patients with gastric carci-
noma, all of which were also present in the control popula-
tion. Alleles 1 and 14 from the control population were not
identified in patients with gastric carcinoma. Allelic frequen-
cies are represented in Table 1 and Fig. 2.

Alleles 4 and 10 were the most common alleles both in
the control group and in patients with gastric carcinoma
(Fig. 2). Most of the alleles were represented in both popula-
tions and the modal alleles were the same in both popula-
tions. Despite this, a difference in the distribution of allelic
frequencies between the two groups is clearly observed
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Figure 1. Detection of MUC1 gene polymorphism. Human DNA sam-
ples from blood donors were digested with Eco RI, separated on 0.7%
agarose gel, transferred to nylon membranes by alkaline blotting, and
hybridized with the MUC1 probe. Lanes numbered 1—15 correspond to
the following genotypes: 4—8; 4—11; 4—4; 5—6; 3—10; 5—8; 3—3; 6—10;
3—3; 4—12; 2—7; 4—6; 4—4; 3—9; 6—10. Size marker is given in kilobases.

Table 1. Distribution of MUC1 allelic frequencies in blood
donors and in patients with gastric carcinoma.

MUC1 alleles Blood donors Patients with gastric
(n"324) carcinoma (n"159)

1 0.005 0.000
2 0.006 0.013
3 0.045 0.016
4 0.285 0.164
5 0.119 0.091
6 0.077 0.101
7 0.031 0.035
8 0.062 0.079
9 0.035 0.031

10 0.256 0.381
11 0.022 0.038
12 0.020 0.031
13 0.023 0.019
14 0.005 0.000
15 0.009 0.003

(Fig. 2). In fact the majority of the alleles with a relatively
high molecular weight (alleles 1—5, except allele 2) were
more frequent in the control group and alleles with a lower
molecular weight (alleles 6—14, except alleles 9 and 13) were
more frequent in patients with gastric carcinoma (s2"41.6;
p(0.001). Due to the high number of alleles and the sparse
representation of some of them we performed a Monte
Carlo based test that confirmed a significantly (p(0.001)
different distribution of the MUC1 alleles between patients
and controls.

We further evaluated the MUC1 genotypes distribution in
the two populations. Observed heterozygosity was 72.2% in
controls and 73.0% in patients with gastric carcinoma. The
Figure 2. Allelic frequencies distribution of MUC1 gene in blood donors
and in patients with gastric carcinoma. Alleles are numbered according
to their size by decreasing order of molecular weight (allele 1 is the
heaviest).

heterozygote 4—10 was the most frequent genotype in both
populations: 44 of 324 controls (13.6%) and 28 of 159
patients with gastric carcinoma (17.6%). The homozygous
genotype for allele 4 was more frequent in controls than in
patients with gastric carcinoma — 36 individuals (11.1%)
and three patients (1.9%), respectively — and the homo-
zygous genotype for allele 10 was less frequent in controls
than in patients with gastric carcinoma — 28 individuals
(8.6%) and 24 patients (15.1%), respectively.

Sixty-six different genotypes were identified overall, most
of them with a low number of individuals in both popula-
tions, which prevented the use of all genotypes for some
statistical analyses. To group the genotypes we divided the
alleles using the cut-point that corresponds to the median
value of the blood donors population. The selected cut-
point is also the one that maximizes the differences between
the two populations: alleles 1—5 were grouped into a cat-
egory of Large MUC1 alleles (¸) and alleles 6—15 were
grouped into a category of Small MUC1 alleles (S). Geno-
types were thereafter recoded as having two large MUC1
alleles (LL), two small MUC1 alleles (SS) and one large
MUC1 allele and one small MUC1 allele (LS).

In the control group of blood donors no differences were
observed regarding the mean age (p'0.1) and the
male:female sex-ratio (p(0.1) between the three different
recoded genotypes: LL, SS, LS (data not shown). We as-
sumed, based on these observations, that no major gender
or age dependent selection of the different genotypes has
occurred in the control population.

The comparison between patients and controls regarding
the recoded MUC1 genotypes is shown in Table 2. Signifi-
cant differences are observed in the genotypic frequencies
between patients and controls. Genotypes for large MUC1
alleles (LL) are more frequent in controls (50.9%) than in
patients with gastric carcinoma (29.3%) and genotypes for
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Table 2. Distribution of recoded MUC1 genotypes, LL (two large
MUC1 alleles), LS (one large MUC1 allele and one small MUC1
allele) and SS (two small MUC1 alleles), in blood donors and in
patients with gastric carcinoma.

Genotypes Blood donors Patients with gastric
(n"324) carcinoma (n"159)
n (%) n (%)

LL 67 (50.9%) 12 (29.3%)*
LS 162 (41.5%) 66 (50.0%)
SS 95 (7.5%) 81 (20.7%)*

The estimated relative risk (odds ratio) adjusted for age and gender, for
gastric carcinoma development between individuals with SS genotype
and individuals with LL genotype is 4.3 (95% confidence limits 1.8—10.5).
*p(0.0001.

small MUC1 alleles (SS) are more frequent in patients with
gastric carcinoma (20.7%) than in controls (7.5%)
(p(0.0001). Genotypes with one large MUC1 allele and one
small MUC1 allele (LS) have a similar frequency in both
groups (Table 2). The estimated relative risk (odds ratio),
adjusted for age and gender, for gastric carcinoma develop-
ment in individuals with SS genotype is 4.3 (95% confidence
limits 1.8—10.5).

Figure 3 depicts the results obtained after grouping the
genotypes LS together with the genotypes LL (Fig. 3A) or
with the genotypes SS (Fig. 3B). In both scenaria the differ-
ences between controls and patients with gastric carcinoma
are highly significant (p(0.0001). The results obtained sug-
gest that the presence of a small MUC1 genotype is a risk
factor for gastric carcinoma development, either in a LL or
in a LS combination.

Discussion

The rationale of the present work was based on previous
studies showing that the MUC1 gene polymorphism is re-
flected both at the RNA and protein levels [7—14]. The
evaluation of DNA polymorphism at the tandem repeat
region of the MUC1 gene was therefore used as a surrogate
endpoint to the evaluation of protein polymorphism. In fact,
individuals with MUC1 alleles encompassing a lower num-
ber of tandem repeats are expected to code smaller MUC1
proteins. We postulated therefore that such individuals
might have a thinner mucus layer and might be more
susceptible to environmental insults such as diet, toxins or
microorganisms.

We found a signficantly different distribution of MUC1
alleles between the control group of blood donors and the
group of patients with gastric carcinoma. We have also
found that the prevalence of small sized alleles is higher in
patients with gastric carcinoma than in controls. The higher
prevalence of allele 10 and the lower prevalence of allele 4 in
patients with gastric carcinoma are the most striking differ-
ences between patients and controls. A similar tendency for
a higher prevalence of smaller alleles in carcinomas was
observed in respect to alleles 6, 7, 8, 11 and 12.

These results are in accordance with our hypothesis that
individuals with small MUC1 alleles are more susceptible to
the development of gastric carcinoma.

The second approach we have undertaken was aimed at
determining if the allele combination per individual, i.e. the
genotype, was in keeping with this interpretation. In fact the
expression of MUC1 alleles is codominant [8] and the net
effect of MUC1 expression will be dependent on the poly-
morphism of both alleles.

The results observed with homozygous genotypes for the
two most common alleles (alleles 4 and 10) followed the
same tendency of allele distribution: patients with gastric
carcinoma showed a significantly higher prevalence of
homozygous genotype for the small sized allele (allele 10).

For the analysis of all genotypes we classified the cases
as described in the Results section: LL, two large MUC1
alleles; SS, two small MUC1 alleles; and LS, one large MUC1
allele and one small MUC1 allele. We found that genotypes
Figure 3. Distribution of recoded MUC1 genotypes in blood donors and patients; (3A) Genotypes LS grouped with genotypes LL; (3B) Genotypes LS
grouped with genotypes SS.
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carrying small MUC1 alleles, either combined with another
small MUC1 allele (SS) or with a large MUC1 allele (SL)
are more prevalent in patients with gastric carcinoma
than in controls. The results suggest that the presence of
a single small MUC1 allele is sufficient to confer genetic
susceptibility for the development of gastric carcinoma. The
individuals with two small MUC1 alleles (SS) carry an esti-
mated relative risk for gastric carcinoma development of 4.3.

A few issues have to be addressed before we can recom-
mend the study of mucin genes polymorphism for the identi-
fication of individuals at risk for the development of gastric
carcinoma: (1) The young age of our control population
may have introduced a bias in the statistical analysis, in
the sense that we do not know how many individuals
in this population will develop a gastric carcinoma in
the future; (2) The DNA restriction fragments obtained
after EcoRI digestion are of a quite large size contributing to
the poor resolution of allele sizes. This may be responsible
for an underestimation of the total number of alleles and for
the high number of individuals classified as homozygous in
both populations; (3) Finally, we need to get more informa-
tion regarding the basis of our study. Namely, we need to
confirm the assumption that the genetic polymorphism is
directly reflected at the protein level and the genetic/protein
polymorphism is causally involved in in vivo and in vitro
models of gastric carcinogenesis.

If these shortcomings are resolved we will be able to
claim that the newly proposed risk factor might be of
major importance in the future. All the other reported risk
factors for gastric carcinoma rely upon the identification of
precursor conditions evaluated on histological slides, as is
the case of chronic atrophic gastritis, intestinal metaplasia
and dysplasia [27]. The detection of precursor conditions in
symptomatic individuals forms the present basis for enter-
ing in follow-up protocols intended to achieve early diag-
nosis of gastric carcinoma. This strategy implicates invasive
procedures with frequent endoscopies and biopsies. We
except that the molecular epidemiology of mucin genes
polymorphism will allow the establishment of non-invasive
screening strategies for identification of individuals at risk for
gastric carcinoma development in the general population.
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