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Variants of MUC5B Minisatellites and the Susceptibility
of Bladder Cancer

Eun-Kyung Ahn,"? Wun-Jae Kim,® Jeong-Ah Kwon," Phil-Jo Choi,* Woo Jin Kim,®
Yangil Sunwoo,’ Jeonghoon Heo,? and Sun-Hee Leem’

The human MUCS5B gene, which is primarily expressed in the tracheobronchial tract, is clustered to chromosome
11p15.5 with three other secreted gel-forming mucins, MUC6, MUC2, and MUCS5AC. In this study, we identified
seven variable number of tandem repeats (VNTRs; minisatellites) from the entire MUCS5B region. Six (MUC5B-
MS1, -MS2, -MS3, -MS4, -MS5, and -MS7) of the seven minisatellites evaluated in this study were novel min-
isatellites, but the MUC5B-MS6 minisatellite was described in a previous study. These minisatellites of MUC5B
were analyzed in genomic DNA extracted from controls, cancer patients, and multigenerational families. Three
(MUC5B-MS3, -MS6, and -MS7) of the seven minisatellites were found to be polymorphic and transmitted
through meiosis following Mendelian inheritance in seven families; therefore, these minisatellite polymorphisms
could be useful as markers for paternity mapping and DNA fingerprinting. In addition, we evaluated allelic
variation in these minisatellites to determine if such variation affected the susceptibility to various carcinomas.
To accomplish this, we conducted a case—control study in which the genomic DNA of 789 cancer-free controls
and cancer patients with five types of cancer were compared. A statistically significant association between the
long rare MUC5B-MS6 alleles and the occurrence of bladder cancer was identified in the younger group (<60;
odds ratio, 4.54; 95% confidence interval, 1.0-20.7; p=0.03). This observation suggests that the long rare

MUC5B-MS6 alleles evaluated in this study could be used to identify the risk of bladder cancer.

Introduction

MUCUS, WHICH IS THE SLIMY AND VISCOUS MATTER that
covers the delicate epithelial surfaces of the respira-
tory, gastrointestinal, and reproductive tracts (Gum, 1992;
Martinez-Antén et al., 2006), is primarily comprised of mu-
cins (Wickstrom et al., 1998). Mucins are highly glycosylated
proteins that contain oligosaccharides that are attached to the
hydroxyl group of serine and threonine in the protein
backbone through O-linked glycans (Moniaux et al., 2001;
James and Robert, 2004). Under normal conditions, mucin
genes protect the epithelial surfaces; however, mucus hy-
persecretion leads to inflammatory diseases such as asthma,
as well as to carcinomas (Gendler et al., 1990; Corfield et al.,
2001). Mucins have been given the gene symbol MUC, fol-
lowed by a number. To date there are 17 MUC genes en-
dorsed by the HUGO gene nomenclature committee (http:
//www.gene.ucl.ac.uk/nomenclature/). Of these, 10 code for

cell-tethered mucins (MUC1, MUC3A, MUC3B, MUC4,
MUC12, MUC13, MUC15, MUC16, MUC17, and MUC20).
The other seven MUC genes code for secreted mucins,
which include five for polymeric mucins (MUC2, MUC5AC,
MUC5B, MUC6, and MUC19) and two for nonpolymeric
glycoproteins (MUC7 and MUCS) (Thornton et al., 2008).
Four secreted gel-forming mucins (MUC2, MUC5AC,
MUCS5B, and MUC6) that have genes clustered on chro-
mosome 11p15.5 contain structural characteristics that
are affected by gene expressions (Pigny et al., 1996; Desseyn
et al., 1998; Vinall et al., 1998). Among the secreted mu-
cins, the salivary mucin, MUC5B (previously MGI1, high
molecular weight protein), is primarily expressed in the
tracheobronchial tract. MUC5B, which has been isolated
from human submandibular/sublingual secretion (HSMSL),
is composed of 14.9% protein, 78.1% carbohydrate, and 7%
sulfate (Audie et al., 1995; Troxler et al., 1995; Wickstrom
et al., 1998). MUCSB is also expressed in many organs that
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secrete mucus, including the lungs (Copin et al., 2001), gall-
bladder (Van Klinken et al., 1998), and breasts (Sonora et al.,
2006), as well as in the urogenital tract (Russo et al., 2006).

Most mucin genes contain a central region with a variable
number of tandem repeat (VNTR) (Vinall ef al., 1998; Des-
seyn ef al., 1999). Tandem repeat sequences have been clas-
sified into two groups, minisatellites and microsatellites.
Tandem arrays of microsatellites are comprised of short
(<10bp) units, while minisatellites are longer (>10 and
<100bp) (Richard and Paques, 2000; Denoeud et al., 2003).
Tandem repeats play a variety of regulatory and evolution-
ary roles, are used as analytic tools, and have been shown to
cause human disease (Nakamura ef al., 1987). Several asso-
ciations between minisatellites and diseases have been re-
ported. For example, it is suspected that the rare alleles of
HRAST minisatellites are associated with the risk of a num-
ber of different cancers (Krontiris et al., 1993), and rare alleles
associated with the MUC3 gene may confer genetic predis-
position to ulcerative colitis (Kyo et al., 1999). We recently
demonstrated that the presence of MUC2-MS6 minisatellites
was associated with an increased likelihood of the develop-
ment of gastric cancer (Jeong ef al., 2007). In addition, a
statistically significant association between the rare SLC
6A19-MS7 alleles and the occurrence of hypertension has
been identified (Seol et al., 2008).

In this study, we analyzed seven minisatellites from the
entire MUCS5B region and the putative functional significance
of allelic variation in these minisatellites with respect to the
susceptibility to five types of carcinomas. For genotyping of
the MUC5B polymorphisms, the genomic DNA from the
blood of 789 normal individuals, two generations of five fam-
ilies, and three generations of two families were analyzed.
Three (MUC5B-MS3, -MS6, and -MS?7) of seven minisatellites
analyzed were found to be polymorphic in MUC5B. Because
several diseases are known to be related to VNTR polymor-
phisms, we evaluated the putative functional significance of
allelic variation in these minisatellites with respect to the sus-
ceptibility for carcinomas. Genomic DNA samples from 789
cancer-free controls, 436 patients with gastrointestinal can-
cer, 169 patients with colon cancer, 327 patients with rectal
cancer, 269 patients with bladder cancer, and 168 patients
with lung cancer were analyzed. Here, we report the possible
association of rare MUC5B minisatellite variants with the
relative risks for carcinomas.

Materials and Methods

Analysis of the tandem repeat regions of MUC5B
and primer construction

All DNA sequence regions analyzed in this study were
based on MUC5B genomic sequences (length in 1-39,111 bp;
Fig. 1) and assembled in UCSC (>hg18_refGene_NM_002458
range=chr11:1200872-1239982) and NCBI (>ref | NC_000011
.81 NC_000011:1200872-1239982 Homo sapiens chromosome
11, reference assembly, complete sequence). The Tandem
Repeats Finder software (Benson, 1999) was used to detect
VNTRs and other repeated regions. Repeat units between 10
and 100bp in length that scored >200 in the program algo-
rithm were selected for further analysis.

All primers used in this study were designed using the
Primer3 software (http://frodo.wi.mit.edu/cgi-bin/primer3
/primer3_www.cgi) (Rozen and Skaletsky, 2000). The fol-
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FIG. 1. Minisatellites in the MUCb5B gene. (A) Structure of
the genomic region around MUCS5B. It is predicted that 49
exons (black boxes) encode MUCS5B. (A) The approximate
positions of minisatellites identified by the Tandem Repeats
Finder Program (Benson, 1999) are indicated by asterisks and
numbers (MS1, 2, 3, 4, 5, 6, 7). (B) The sequences of seven
minisatellite repeat units. Positions of indices (1-39,111bp)
were determined using genomic information from the UCSC
and NCBIL.

lowing primers were then constructed based on the sequence
on the UCSC site: MS1, F-CAGGTGGTCCAGCCCAAGGA
& R-ACCCCGACCCACAGCTCACA; MS2, F-CTACAGC
CCGGGCACCTCCT & R-GAGGGAGGCCGTGAGCAGAA;
MS3, F-GCTGGCTGAGCTGCGGAAGT & R-CACTGGGG
ACAGAGCCCACA; MS4, F-ACCACGACAAGGGCCACC
AG & R-TGGAGGAGGGAGTGGCTTTGG; MS5, F-TGCC
TGTCCTGGGAGCCAGT & R-GCGGTTCCAGGGAAGGG
AGT; MS6, F-CCTGCCAGAGCCTGGAGGCTTAC & R-CT
GTGGGCACAGAGAGGTGTCAGA; MS7, F-GTCAGGAG
GATGCCTGCAACAATA & R-CCCAGCAATGGCTGAGC
TAGAGAA.

Preparation of genomic DNA

To assess the degree of minisatellite polymorphism in the
MUC5B genes, genomic DNAs were isolated from 789
healthy unrelated individuals. A case—control study was
then performed using DNA collected from 789 cancer-free
controls and 1369 cancer patients (Table 1). Hospital-based
cancer case subjects were obtained from three different
hospitals in three different cities (Dong-A University Hos-
pital [#IRB-06-10-02 & IRB-07-10-7; Busan, Korea], Kang-
won National University Hospital [#IRB-Bioscience: 05-02;
Chuncheon, Korea], and Chungbuk National University
Hospital [#IRB-2006-1; Cheongju, Korea]). Controls have no
history of cancer and were recruited in the same department.
For the PCR experiments, genomic DNA was isolated from
the peripheral leukocytes, which were isolated from 400 pL
of whole blood using a Blood and Cell Culture DNA Mini Kit
(Qiagen, Valencia, CA).
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TABLE 1. AGE AND SEX DISTRIBUTION OF CASES AND CONTROLS

Characteristic Level Controls, n (%)  Gastric cancer ~ Colon cancer ~ Rectal cancer  Bladder cancer ~ Lung cancer
Age (years) 40-49 156 (19.8) 76 (17.4) 27 (16.0) 55 (16.8) 22 (8.2) 11 (6.5)
50-59 266 (33.7) 122 (28.0) 39 (23.1) 93 (28.4) 50 (18.6) 39 (23.2)
60-69 216 (27.4) 157 (36.0) 66 (39.1) 117 (35.8) 118 (43.9) 83 (49.4)
70-79 151 (19.1) 81 (18.6) 37 (21.9) 62 (19.0) 79 (29.4) 35 (20.8)
<60 422 (53.5) 198 (45.4) 66 (39.1) 148 (45.3) 72 (26.8) 50 (29.8)
=60 367 (46.5) 238 (54.6) 103 (60.9) 179 (54.7) 197 (73.2) 118 (70.2)
Sex Men 513 (65.0) 282 (64.7) 84 (49.7) 202 (61.8) 228 (84.8) 145 (86.3)
Women 276 (35.0) 154 (35.3) 85 (50.3) 125 (38.2) 41 (15.2) 23 (13.7)
Total 789 436 169 327 269 168

Analysis of polymorphism of the minisatellites
of MUC5B

The primers used to analyze the gene polymorphisms
were based on the MUC5B genomic sequence. Human
genomic DNA was amplified using these primers under the
following standard PCR conditions: 50 mM KCl, 10 mM Tris-
HCl, pH 9.0, 2.5mM MgCl, (MS6 is performed 3.75mM),
and 0.2mM dTTP, dCTP, dGTP, and dATP in a reaction
mixture with a final volume of 40pL. The thermocycling
conditions were as follows: 1 cycle of 2min of initial dena-
turation at 94°C, followed by 30 cycles of denaturation at
94°C for 455, and annealing at 67°C for 1 min (MUC5B-MS1
and -MS6) (1 min/1kb of DNA), at 68°C for 1 min (MUC5B-
MS2, -MS3, -MS5, and -MS?), followed by a 7 min extension
at 72°C in a 9700 Thermocycler (Perkin-Elmer, Foster City,
CA). MUC5B-MS4 was amplified under the following con-
ditions: 30 cycles of denaturation at 94°C for 30s and an-
nealing at 72°C for 30s. PCR analysis of human DNA
samples was performed using Go Taq Flexi DNA polymer-
ase (Promega, Madison, WI) with 100 ng of genomic DNA.

PCR products were analyzed by gel electrophoresis
(1volt/cm) in 1xTAE buffer through a 1.0-1.5% SeaKem LE
agarose gel (Cambrex, ME) depending to their repeats sizes.
Specifically, MUC5B-MS1, -MS2, -MS4, and -MS5 were
electrophoresed through a 1% SeaKem LE gel, and MUCS5B-
MS3, -MS6, and -MS7 were electrophoresed through a 1.5%
SeaKem LE gel.

All PCR products amplified in the minisatellite regions
(Fig. 1) were purified using a Gel Extraction Kit (Qiagen) and
then confirmed by DNA sequencing.

Statistical analyses

The degree of polymorphism, which ranges from 0 to 1,
generally increases with the number of alleles. To evaluate
the probability of two randomly chosen alleles being differ-
ent (heterozygosity) at a given locus, a measure of genetic
diversity was calculated using the method described by
Chakravarti and Lynn (2004). Regression analyses were
performed to determining the odds ratios (ORs) in associa-
tion between control and case groups. ORs were estimated
using the natural logarithm and its standard error. Where
relevant, we used a chi-squared test with one degree of
freedom to assess statistical significance. Differences were
considered significant for confidence intervals (Cls) of 95%.
All tests were two-sided, with p <0.05 being considered

statistically significant. Statistical analyses were performed
using MS Excel with CHITEST and R statistical software
(v2.5.1, www.r-project.org) with chisq.test for the calculation
of chi-squared values.

Results

Characterization of the seven minisatellites
of the MUC5B region

The MUC5B DNA sequence region analyzed in this study
was based on genomic sequences (length in 1-39,111bp)
obtained from the UCSC and NCBI databases. The MUC5B
genomic DNA is composed of 49 exons and 48 introns, and
sequence analysis of the entire MUC5B gene allowed the
identification of seven tandem repeats. Six of the seven
minisatellites (MUC5B-MS1, -MS2, -MS3, -MS4, -MS5, and
-MS?7) evaluated were novel VNTR loci that were first ana-
lyzed in this study, while MUC5B-MS6 was located in the
same locus as a VNTR region that was previously reported
by Desseyn et al. (1999). A search of the GenBank database
using the BLASTN program revealed that there were no
significant similarities between the six novel minisatellites
(MUC5B-MS1, -MS2, -MS3, -MS4, -MS5, and -MS7) and
previously identified regions. The length of these repeats,
their locations, and consensus sequences are presented in
Figure 1.

The degree of polymorphism within the minisatellites was
examined by PCR using diagnostic primers against human
genomic DNA samples isolated from control individuals. We
characterized all seven minisatellites in the MUC5B region
(Fig. 1). At first, we analyzed 100 cancer-free controls and 100
gastric cancer patients to determine the polymorphism of
each minisatellites. Once polymorphism in minisatellites is
identified, we used additional samples to search more vari-
ants in alleles. Four minisatellites, MUC5B-MS1 (8 copies of a
21bp repeat unit in intron 1), MUC5B-MS2 (3 copies of a
50bp repeat unit between exon 10 and intron 10), MUC5B-
MS4 (4 copies of an 86bp repeat unit in exon 31), and
MUC5B-MS5 (18 copies of a 20bp repeat unit in intron 31),
were found to have a monomorphic pattern.

MUC5B-MS3 in intron 12 was shown to have a mono-
morphic pattern comprised of four copies of a 25bp repeat
unit in the controls; however, one additional allele of three
copies was found in samples collected from patients with
gastric cancer (data not shown). Therefore, we analyzed the
MUC5B-MS3 region of samples collected from 100 additional
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FIG. 2. Polymorphic patterns of MUC5B
minisatellites. (A) Polymorphic patterns
of MUC5B-MS6 and (B) MUC5B-MS7.
Minisatellites were PCR-amplified from
the genomic DNA of control samples
using diagnostic primers (Materials and
Methods). Haplotype patterns are num-
bered according to each minisatellite. Size
markers (M) are given in kb (100bp size
marker; Invitrogen, Carlsbad, CA).

h Shows the heterozygosity of each
minisatellite in the controls.

03k

cancer-free controls and 100 gastric cancer patients; however,
we did not detect any additional variants for this region.
These findings indicate that MUC5B-MS3 was monomorphic
in 200 controls, but only one of 200 cases with gastric cancer
had the minisatellite variant.

The PCR products of seven alleles of the MUC5B-MS6
minisatellite from the 789 control samples ranged from 338 to
751bp in length and contained 3-10 copies of the 59bp re-
peat unit, with 7 copies of the most common allele being
present (Fig. 2A). The degree of polymorphism within the
MUC5B-MS6 minisatellite showed the highest heterozygos-
ity (h=0.5435) in the MUCS5B region (Fig. 2A). In a previous
study conducted by Desseyn et al. (1999), five alleles in this
region that contained 3-8 copies of a 59 bp repeat were ob-
served in 86 unrelated individuals. In the present study, we
found two new minisatellite variants of 9 and 10 copies in
exon 37-intron 37. Finally, the number of copies in the
MUC5B-MS7 minisatellite, which was located between exon
44 and intron 44, varied from 11 to 13, with 12 copies be-

FIG. 3. Meiotic inheritance of

MUC5B-MS6 minisatellites within

families. PCR primers specific to
MUC5B-MS6 were used to analyze

the length of the alleles in the ge-

nomic DNA obtained from family

members. (A) The pedigree demon- C
strates the relationship of the min-
isatellites in three generations of a
family evaluated in this study (B).
(B) Meiotic inheritance of MUC5B-
MS6 in a three-generation family:
first generation (lanes 1 and 2,
grandfather and grandmother, re-
spectively); second generation (lanes
3 and 7, fathers; lanes 4 and 8,
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MUCS5B-MS6 (=0.5435)
Repeats Size(bp) N=1578 Frequency

3 338 9 0.0057
5 456 458 0.2902
6 515 8 0.0051
7 574 952 0.6033
8 633 143 0.0906
9 692 1 0.0006
10 751 7 0.0044

MUCSB-MS7 (7=0.0050)
Repeats Size (bp) N=1578 Frequency

11 385 1 0.0006
12 411 1574 09975
13 437 3 0.0019

ing present in the most common allele (99.75% frequency)
(Fig. 2B).

Overall, seven minisatellites were identified in MUCSB,
three of which were polymorphic and four of which were
monomorphic.

Mendelian inheritance of polymorphic
minisatellites of MUC5B

To perform a segregation analysis of two polymorphic
minisatellites, MUC5B-MS6 and MUC5B-MS7, we selected
family groups of two and three generations (four and three
families, respectively) (Fig. 3). Blood was collected from the
grandparents, parents, and children of each family. Alleles
from the MUC5B-MS6 and MUC5B-MS7 were then identi-
fied, and their transmission from parent to child was traced
in seven of the families evaluated. Figure 3 illustrates the
hereditary segregation of MUC5B-MS6 among three gener-
ations of one family (Fig. 3A, B) and two generations of

23456 7 8 9

B M 1

M 1 2 3 4 5 M1 2 3 4 5 M1 2 3 45
0.7 kb
0.5 kb
0.3 kb

mothers); and third generation (lanes 5 and 6, children from parents 3 and 4; lane 9, child from parents 7 and 8). (C) Meiotic
inheritance of MUC5B-MS6 in two-generations of three families: first generation (lanes 1 and 2, father and mother, respec-
tively); second generation (lanes 3-5; children from parents 1 and 2); M corresponds to the size marker.
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TABLE 2. FREQUENCY OF RARE MUC5B-MS6 ALLELES AND Risk OF CANCER OR ASTHMAS

Long rare alleles

Short rare alleles

Common alleles

OR (95% CI); p

10 Total

9

OR (95% CI);p

Total

6

Total

5

Analyzed

alleles

1.00 (Reference)

8 (0.5)
8 (0.9)

7 (0.4)

7 (0.8)

1(0.1)
1(0.1)

1.00 (Reference)

805 17 (1.1)

9 (0.6)

1578 (%) 458 (29.0) 952 (60.3) 143 (9.1) 1553 (98.4)
510 (58.5) 2(02)

Control
Gastric

1.82 (0.68-4.86);

0.21 (0.05-0.92);

2(0.2)

862 (98.9)

78 (8.9)

274 (31.4)

872 (%)

p=0.23
1.17 (0.25-5.53);

p=0.02

cancer

Colon

2 (0.6)

2 (0.6)

207 (61.2) 36 (107) 336 (99.4)

93 (27.5)

338 (%)

p=0.84
0.60 (0.13-2.84);

cancer

Rectum

2 (0.3)

2 (0.3)

0.56 (0.19-1.68);

102  4(06)

187 (28.6) 399 (61.0) 62 (9.5) 648 (99.1) 3 (0.5)

654 (%)

p=0.51
2.58 (0.93-7.14);

cancer
Bladder

7(13) 7 (13)

0.69 (0.23-2.07);  —

2(04) 4(1.1)

160 29.7) 316 (58.7) 51 (9.5) 527 (98.0) 2 (0.4)

538 (%)

p=0.06
2.34 (0.70-7.81);

p=0.51

cancer
Lung

3(09) 4(12)

1(0.3)

198 (58.9) 27 (8.0) 332 (98.8)

107 (31.9)

336 (%)

p=0.16

cancer

three families (Fig. 3C). Because of the low heterozygosity
(h=0.0050) of MUC5B-MS7 (Fig. 2B), we could only detect
the 12 copies present in the most common allele in all of the
families evaluated. These results demonstrate that these
minisatellites are subject to Mendelian inheritance (i.e., chil-
dren carried one minisatellite allele from each parent), and
new minisatellites alleles were not observed during this
analysis. Thus, minisatellites in MUC5B are meiotically stable
and could potentially be used as markers to follow the
meiotic segregation of MUCSB alleles.

Genetic association with cancer

Because minisatellites are genetically variable, it is possi-
ble that they play a role in the activation of MUC5B during
tumorigenesis. In this study, we tested this possibility by
comparing the distribution and frequency of the polymor-
phic MUC5B minisatellite alleles between controls and pa-
tients with gastric cancer, colon cancer, rectal cancer, bladder
cancer, and lung cancer in a Korean population.

The allelic distribution of the minisatellites of MUC5B was
compared between cancer-free controls and cancer patients
with five types of cancer (Table 1). When the control samples
and the cases were compared, no significant differences in
the frequency of minisatellite alleles for the MUC5B-MS7
locus were observed (data not shown). Table 2 summarizes
the frequency of rare and common alleles for the MUC5B-
MS6 among cases and controls. When the control group and
case groups were compared, there was an approximately
twofold increase in the odds ratio of bladder cancer for the
frequency of rare alleles of MUC5B-MS6. However, these
results were not statistically significant.

For further analysis, we focused on the association be-
tween rare alleles and cancers. To accomplish this, MUC5B-
MS6 alleles were grouped into two sets (common and rare
alleles) according to their frequency in the control popula-
tion. The expected frequency for rare alleles was considered
to be =1%. Rare alleles were classified as short (3 and 6
copies) or long (9 and 10 copies) according to the length of
their tandem repeats (Table 2). In patients with bladder and
lung cancer, the rates of long rare MUC5B-MS6 alleles were
1.3% and 1.2%, respectively, whereas the rate was 0.5% in
cancer-free controls (Table 2). Table 3 summarizes the fre-
quency of rare MUC5B-MS6 alleles based on the age at di-
agnosis. In the control group, we compared the frequency of
long rare alleles between younger individuals (<60 years,
0.95%) and older individuals (=60 years, 1.09%); however,
no significant difference was observed (Table 3). Conversely,
when older cancer patients (=60 years) were compared to
younger cancer patients (<60 years), an increased frequency
of long rare MUC5B-MS6 alleles was observed. Specifically,
the following differences were observed among young and
old patients: gastric cancer (younger group:older
group =2.15%:1.16%), colon cancer (1.61%:0.89%), rectal
cancer (0.71%:0.51%), bladder cancer (4.54%:1.88%), and
lung cancer (4.35%:1.56%). Higher frequencies of long rare
alleles were found in younger patients with bladder and lung
cancers (Table 3). Specifically, when the controls and cases
were compared, the differences in the frequency of long rare
MUC5B-MS6 alleles between younger- and older-bladder
cancer patients were as follows: younger, 4.54 (CI, 1.0-20.7;
p=0.03) versus older 1.88 (CI, 0.5-7.6; p=0.37) (Table 3).
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TABLE 3. FREQUENCY OF LONG RARE MUC5B-MS6 ALLELES AND Risk OF CANCER OR ASTHMA BY AGE

Age at diagnosis Controls Long rare Gastric cancer Long rare OR (95% CI); p*

Younger (<60) 422 4 (0.95%) 198 4 (2.02%) 2.15 (0.5-8.7); p=0.27

Older (=60) 367 4 (1.09%) 238 3 (1.26%) 1.16 (0.3-5.2); p=0.85
Colon cancer

Younger (<60) 422 4 (0.95%) 66 1 (1.51%) 1.61 (0.2-14.6); p =0.67

Older (=60) 367 4 (1.09%) 103 1 (0.97%) 0.89 (0.1-8.0); p=0.92
Rectal cancer

Younger (<60) 422 4 (0.95%) 148 1 (0.68%) 0.71 (0.08-6.4); p=0.76

Older (=60) 367 4 (1.09%) 179 1 (0.56%) 0.51 (0.06-4.6); p=0.54
Bladder cancer

Younger (<60) 422 4 (0.95%) 72 3 (4.17%) 4.54 (1.0-20.7); p=0.03"

Older (=60) 367 4 (1.09%) 197 4 (2.03%) 1.88 (0.5-7.6); p=0.37
Lung cancer

Younger (<60) 422 4 (0.95%) 50 2 (4.00%) 4.35 (0.8-24.4); p=0.07

Older (=60) 367 4 (1.09%) 118 2 (1.69%) 1.56 (0.3-8.7); p=0.61

“Reference (the same age group of control).
PStatistically significant (p < 0.05).

These results suggest that long rare MUC5B-MS6 alleles may
be genetically associated. This is the first report in which
minisatellites have been characterized in detail for the com-
plete MUCS5B region, and our observations suggest that the
loci of MUC5B minisatellites may function as indicators of
the risk of bladder cancer.

Discussion

Mucin genes contain a centrally located region of sequence
that encodes tandem repeats, and most mucin genes exhibit a
high degree of genetically determined polymorphism due to
variation in the number of tandem repeats in the TR domain
(Gendler and Spicer, 1995; Vinall et al., 1998; Desseyn et al.,
1999; James and Robert, 2004). One of the secreted mucins,
MUCS5B, is expressed in the tracheobronchial tract, lung,
gallbladder, breast, and the urogenital tract (Van Klinken
et al., 1998; Copin et al., 2001; Russo et al., 2006; Sonora et al.,
2006). MUCSB is expressed in high levels in normal and
cancerous endometrial and cervical tissues (Hebbar et al.,
2005), and there has been an increasing interest in the use of
MUCS5B for the diagnosis of carcinomas.

VNTRs occur in intronic sequences; however, they also
occur at exon-intron junctions and in 5'- or 3'-flanking se-
quences. A characteristic of these repetitive sequences is their
ability to give rise to variants that contain increased or de-
creased numbers of repeats. Some minisatellite alleles are
associated with human disorders and with differential ex-
pression of nearby genes (Leem et al., 2002; Seol et al., 2008).
In addition, rare alleles of this VNTR are associated with a
high risk of various types of cancer (Krontiris et al., 1993;
Jeong et al., 2007). MUC5B has three polymorphic minisa-
tellites (MS3, MS6, and MS7) and four monomorphic min-
isatellites (MS1, MS2, MS4, and MS5). A search of the
GenBank database using the BLASTN program revealed that
there was no significant similarity between these minisa-
tellites and previously identified regions. Therefore, all of the
minisatellites examined in this study are unique to MUC5B,
and the properties they confer may be directly related to
MUCS5B function.

Minisatellites in MUC5B were also analyzed in genomic
DNA obtained from five two-generation families and two
three-generation families. MUC5B has three polymorphic
(MS3, MS6, and MS7) minisatellites, and their segregation
within families indicated that these minisatellites were
transmitted through meiosis following Mendelian inheri-
tance. These observations suggest that these novel poly-
morphic minisatellites could also be useful markers for
paternity mapping and DNA fingerprinting. Further, these
polymorphisms could be useful as markers for meiotic seg-
regation of MUCS5B minisatellites in studies evaluating
MUCS5B-related inheritable diseases.

Rare alleles of VNTRs are associated with a high risk of
various types of cancer (Krontiris et al., 1993; Jeong et al.,
2007). In this study, MUC5B-MS1, -MS2, -MS4, and -MS5
were found to have monomorphic patterns, but the MUC5B-
MS3 minisatellites were found to differ in only one of 200
cases of gastric cancer. Although this variant allele of
MUC5B-MS3 may be associated with an increased relative
risk of gastric cancer, the numbers of cases that it was ob-
served here were insufficient to allow statistical analysis.
Two additional polymorphic minisatellites, MUC5B-MS6
and MUC5B-MS7, were identified from the 789 control
samples, and these alleles could be separated as common
and rare alleles.

A case—control study was performed using PCR-based
methods to score MUC5B minisatellite alleles in DNA from
controls and cases. To accomplish this, each minisatellite
allele was grouped into two sets (common and rare alleles)
based on their frequency in the control population. There
was no difference in the frequencies of alleles from the
MUC5B-MS3 and -MS7 loci observed between the controls
and cases (data not shown). In addition, there were no sig-
nificant differences observed in the frequency of minisatellite
alleles for the MUC5B-MS6 when controls and cases were
compared. We also divided the rare alleles into short and
long alleles according to the number of tandem repeats. In-
terestingly, the frequency of long rare alleles was found to be
associated with a relative odds ratio of 4.54 (CI, 1.0-20.7;
p=0.03) for younger patients with bladder cancer. These
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results suggest that rare MUC5B-MS6 alleles may be genet-
ically related to bladder cancer. To compare other cancer
types of the respiratory tract, we analyzed samples from
patients with lung cancer. Interestingly, the results of this
analysis revealed that the rare MUC5B-MS6 alleles may be
associated with an increased risk of lung cancer (4.35 [95%
CI, 0.8-24.4]) in younger patients. However, due to the low
number of patients evaluated in this study, a statistical
analysis could not be conducted.

The functional role that MUC5B-MS6 minisatellites play is
not clear; however, they may be involved in regulation of the
expression of MUCSB. One characteristic of these repetitive
sequences is their ability to produce variants that contain
increased or decreased numbers of repeats. Minisatellites in
the 3'-region flanking H-ras bind the rel/NF-xB family of
transcription factors, which contribute to the transcriptional
activation of H-ras (Trepicchio and Krontiris, 1992). Similarly,
the "TERT VNTR 2-2 contains CACGT-binding sites for the
MYC family of oncogenic transcription factors (Leem et al.,
2002). Further, the "TERT VNTR 2-2 gene contains at least six
alternative splicing sites, one of which (B site) produces
mRNA lacking exons 7 and 8, which results in the pro-
duction of a protein that is catalytically inactive and has a
truncated C-terminal (Yi et al., 2000). When the minisatellite
sequences were analyzed using the Transfac software
(MATCH™ public version 1.0; http://www.gene-regulation
.com/pub/databases.html), we found the putative binding
site (ccccCCAGAccccteg) for the transcription factor Hand1/
E47 in the repeat region of MUC5B-MS6. E47 regulates the
expression of genes involved in cell survival, cell cycle pro-
gression, lipid metabolism, stress response, and lymphoid
maturation (Schwartz et al., 2006). Hand1 has been shown to
stimulate the transcription of luciferase reporters harboring
degenerate E-boxes in the presence of E12/E47, which sug-
gests that E-proteins are potential dimerization partners in
trophoblastic tumor and amnion cells (Knofler et al., 2002).
Therefore, interaction with Hand1/E47 may be related to
transcriptional activity. However, this study was conducted
using the complete MUCSB gene, which includes all of the
putative regulatory elements, including introns.

The results of this study suggest that the presence of these
long rare MUC5B-MS6 alleles indicate susceptibility for
bladder cancer. MUC5B-MS6 is located between the end of
exon 37 and intron 37, and only two amino acids of leucine
and cystein are included in the repeats of the exon. The re-
sults of the present study suggest that extension of the region
of repeats may cause the exon to become to be long, thereby
extending the length of the protein. This increased suscepti-
bility for bladder cancer may be due to the presence of these
long minisatellites because they may result in the construc-
tion of inappropriate O-glycosylation structures. Changes
in the length of such variants may result in the production
of different glycoforms or mucus hypersecretion, thereby
leading to carcinomas. Further, alternatively spliced tran-
script variants of MUCSHB that include variations between
exon 37 and intron 37 may exist. It is possible that VNTRs in
introns may also affect mRNA splicing.

Taken together, the results of this study revealed that an
increased incidence of the long rare MUC5B-MS6 allele is
associated with bladder cancer. This is the first study to
characterize minisatellites of the complete MUC5B gene in
detail. This study should provide a helpful reference for

understanding the function and complex genomic properties
of mucins.
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