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Figure 1. Trends of age-standardized cancer incidence rates for five major sites and male- and female-specific sites (standard popul

on).
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Figure 2. Trends of age-standardized cancer incidence rates for five major sites and male- and female-specific sites (standard population: 1985 Japanese
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The concepts of lifetime and age-conditional probabilities of developing and dying of cancer
are introduced as indexes to understand the risk of cancer. In this paper, we estimated the
lifetime and age-conditional probabilities of developing and dying of cancer in 2001 and 2005,
respectively, in Japan. It is estimated that one in two Japanese males and one in three
females will develop cancer, and one in four Japanese males and one in six females will die
of cancer. Moreover, the probabilities of developing cancer within specific decades of age are

obtained as the short-term risks.

Kev words: lifetime probability — age-conditional probability — developing cancer — dving of

cancer — life table.

BACKGROUND

Recently, lifetime and age-conditional probabilities of
developing or dying of cancer were introduced as indexes to
understand the risk of cancer (1,2). Lifetime probability
of developing cancer is defined as the percentage of the
population developing cancer at least once in a lifetime.
Age-conditional probability of developing cancer is the per-
centage of the population developing cancer before a specific
age, given that the individuals are cancer-free at the current
age. Lifetime and age-conditional probabilities of dying of
cancer are defined in the same manner as the probability of
developing cancer. These indexes are useful for planning,
monitoring and evaluating cancer control programs. The
details of the mathematical derivation of these probabilities
have been previously published by Wun et al. (1) Using the
same procedure, the probabilities for the development
of cancer in the Japanese population in 1999 were also
published by Kamo et al. (2) The purpose of this paper is

For reprints and all cormespondence: Ken-ichi Kamo, Division of
Mathemutics, School of Medicine Liberal Arts and Sciences, Sapporo
Medical University, S| W16, Chuo-ku, Sapporo 060-8543, Japan.
E-mail: kamo@sapmed.ac.jp

to update previous estimates by our research group for
the development of cancer in 2001 and for dying of cancer
in 2005.

PATIENTS AND METHODS

Cross-sectional age-stratified incidence, mortality and popu-
lation are needed to estimate lifetime and age-conditional
probabilities of developing cancer. Cancer incidence data
were provided by the National Cancer Center (3,4).
Mortality and population data were originated from National
Vital Statistics provided by the Ministry of Health, Labor
and Welfare, These data are stratified by 5-year age intervals
0-4, 5-9, ..., 8084 and the final open interval 85+.
Incidence and mortality rates stratified these intervals were
converted to the probabilities using an exponential model
and were applied to a cohort of 100 000 live births. Using
these probabilities, we estimate the number of cancer inci-
dence, mortality, cancer free and survivor in life table. Then,
lifetime probability of developing cancer is calculated divid-
ing the number of incidence in life table by 100 000.
Similarly, age-conditional probability of developing cancer

© The Author (2008). Published by Oxford University Press. All rights reserved.
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572 Lifetime and age-conditional probabilities of cancer

is calculated dividing the number of incidence during the
considered age interval by the number of cancer free at the
beginning of age interval in life table. In the estimation of
cancer mortality, we used an ordinary life table, whereas for
developing cancer, we used multiple life tables, as proposed
by Wun et al. (1) and Kamo et al. (2) Note that our estimates
for the probability were based on the assumption that the
age-specific incidence or mortality rates will be the same in
the future as observed in the calendar year of our source data
(2001 for incidence, 2005 for mortality).

RESULTS AND CONCLUSION

The lifetime probability of developing cancer in 2001 was
estimated to be 49.01% for men and 37.36% for women
(Tables 1, 2 and 3). The lifetime probability of dying of
cancer in 2005 was estimated to be 26.59% for men and
16.17% for women (Table 4). These probabilities mean that
one in two males and one in three females will develop
cancer during their lifetime, and one in four males and
one in six females will die of cancer. Since the lifetime
probability of developing cancer in 1999 was reported to be
46.35% for males and 34.81% for females (2), the increase
in incidence was about 3% over 2 years. Furthermore, the
lifetime probability of dying of cancer in 1999 was reported
to be 29.44% for males and 20.52% for females, so there

was a decrease of about 3% during those 6 years. We have
reported that since 1975 the lifetime probability of dying of
cancer increases and it becomes stable around 1995 (2), The
decreasing trend for the lifetime probability of dying in com-
parison with 1999 and 2005, which is obtained in this paper,
may be reflected in the slight decreasing trend of
age-adjusted mortality rate. The reason why the lifetime
probability corresponding to the age adjusted rate is that the
numbers in life table are regarded as the rate per 100 000
adjusted by age distribution.

Age-conditional probabilities of developing and dying of
cancer in 2001 and dying of cancer in 2005 are also shown
in Tables 1 and 4, respectively. In these tables, ‘Eventually’
means the lifetime probability of those who were cancer-free
in Table 1 (or alive in Table 4) at ‘Current age’. For
example, a male who was cancer free at 50-year old has
16.42% chance of developing cancer before 70, and such
male (cancer free at 50) saddled with 49.79% chance of
developing cancer during his lifetime. Table 2 shows the
composite life table in 2001, which includes the results for
both cancer mortality and incidence in 2001.

Table 3 shows the lifetime probability of developing
cancer in 2001 and of dying of cancer in 2005, stratified by
primary site, It also illustrates the probability of developing
cancer within the following 10 years, which is a useful indi-
cation of the short-term risk of cancer (5,6). For example, a
60-year-old man has 2.85% (1 in 35) chance of developing

Table 1. Percent developing cancer before a specific age, for males and females who were cancer-free at current age in Japan i 2001

Current age 10 20 30 40 50 60 70 80 Eventually Iin
Male
0 0.12 0.20 035 0.76 222 6.93 17.65 3452 49.01 2

10 0.08 0.23 0.64 2.11 6.86 17.64 34.62 49.20 &
20 0.15 0.56 204 6.80 17.62 34.65 49.28 2
30 0.41 1.90 6.70 17.60 .76 49.50 2
40 1.50 6.36 17.40 3479 49.71 2
50 5.02 16.42 4.7 49.79 2
60 12.46 32.08 48.93 2
70 2428 4514 2
80 3529 3

Female

0 0.09 0.17 0.48 1.67 4.26 8.32 14.44 23.34 37.36 3

10 0.08 0.39 1.59 4.19 8.27 14.42 23.36 3746 3
20 031 1.51 4,12 8.20 14.37 2333 3745 3
30 1.21 383 7.94 1413 2314 37.35 3
40 266 6.83 13.13 2228 36.70 3
50 431 10.81 20.26 3517 3
60 6.88 16.89 32.66 3
70 11.09 28.56 4
B0 2210 5
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574 Lifetime and age-conditional probabilities of cancer

Table 3. Lifetime probability of developing and dying from cancer and probability of developing cancer, by age, in Japan

Primary sites 1CD-10th Lifetime probability (%) of
Probability (%) of developing cancer in next 10 years
Developing (2001) Dying (2005) by age group (2001)
% lin % Iin 30-39 40-49 50-59 6069 T0-79
Mile o o o
All site CO0-C96 49.01 2 26.59 4 0.41 1.50 5.02 12.46 2428
Stomach Clé 10.77 9 4.42 23 0.08 0.38 1.21 2.85 488
Lung C33-C34 8.00 12 6.23 16 — 0.15 0.56 1.59 4.09
Colon (&S] 544 18 184 54 — 0.19 0.60 1.49 245
Prostate chl 4.11 24 139 72 — — 0.11 0.77 211
Liver c22 395 25 299 33 — 0.12 0.50 1.24 1.78
Rectum c19-C21 EXI 33 1.15 87 — 0.13 0.43 0.94 1.25
Esophagus C15 1.97 51 1.20 83 - — 0.27 0.62 0.89
Bladder C67 1.96 51 0.61 165 — — 017 0.40 0.88
Pancreas C25 1.76 57 1.61 62 0.18 041 0.75
Gallbladder C23-C24 1.45 69 L.11 90 — — 0.09 0.26 0.61
Kidney C64—-C66, C68 1.18 85 0.54 186 — 0.05 0.15 0.30 0.51
Malignant lymphoma CR1-C85, C96 1.15 87 .66 151 0.06 0.13 0.25 0.45
Lip, oral cavity and pharynx Co0-Cl14 0.96 104 0.52 191 — 0.06 0.16 0.28 0.36
Hematopoietic tissue C91-C95 0.73 137 0.57 177 — - 0.08 0.16 0.27
Skin C43-Ca4 0.69 146 0.09 1139 — — 0.05 0.12 0.26
Larynx c32 0.46 216 0.14 724 — — 0.06 0.13 0.23
Brain and nervous system C10-CT72 0.34 291 0.11 872 — - — 0.06 0.10
Multiple myeloma CBE-C90 0.34 295 0.27 368 —_ —_ —_ 0.07 0.14
Thyroid 7 0.23 432 0.06 1640 — 0.06 0.07
Colon/rectum cl18-c21 8.47 12 299 13 0.07 0.32 1.03 244 374
Female
All site C00-C96 37.36 3 16.17 6 1.21 2.66 4.31 6.88 11.09
Stomach Cle 5.79 17 22 45 0.07 0.26 0.49 0.96 1.75
Breast C50, DOS 5.08 20 1.26 80 0.31 1.10 1.20 1.09 0.96
Colon Cl18 4.74 21 1.72 58 — 0.14 0.42 0.86 1.50
Lung C33-C34 3.52 28 2.13 47 — 0.09 0.27 0.60 112
Liver cn 2.08 48 1.42 70 — - 0.09 043 0.79
Uterus (only invasive) C53-C55 207 48 0.65 154 0.23 0.29 0.43 0.37 0.36
Rectum c19-c21 1.95 51 0.64 157 — 0.09 0.24 0.41 0.56
Gallbladder C23-C24 1.83 54 1.12 89 — — 0.07 0.20 0.50
Pancreas C25 1.67 60 1.34 74 — — 0.09 0.25 0.50
Ovary C56 1.03 97 0.53 187 0.05 0.13 0.22 0.21 0,19
Malignant lymphoma C81-C85, C9% 0.94 106 047 212 — 0.05 0.09 0.17 0.28
Skin C43-CH4 0.81 123 0.07 1424 — — — 0.09 0.18
Thyroid cn 0.78 128 0.13 773 0.06 0.11 0.16 0.17 0.15
Bladder Ce7 0.73 137 0.24 412 — — 0.10 0.21
Kidney C64-C66, CHR 0.63 158 0.27 m — — 0.06 0.12 0.21
Hematopoietic tissue C91-C95 0.55 182 037 267 — 0.05 0.09 0.14
Esophagus C15 0.43 233 0.21 472 — —_ — 0.08 0.11
Continued
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Primary sites 1CD-10th Lifetime probability (%) of
P lity (%) of de ping cancer in next 10 years
Developing (2001) Dying (2005) by age group (2001)
% lin % lin 30-39 40-49 50-59 6069 70-79
Lip, oral cavity and phanynx  C00-C14 042 21 o9 oss —  —  — 0.07 0l
Multiple myeloma C88-C%0 0.35 287 0.24 409 — — — 0,06 0.12
Brain and nervous system C70-CT72 0.33 302 0.09 1100 0.06 .08
Larynx ci2 0.04 2759 0.01 9692 — — — —_ —_
colon/rectum C18-C21 6.68 15 235 43 0.07 013 0.66 1.28 2.07
1CD-10th, I 1CL of Di 10th Revision
—, Value less than 0.05
‘Colon/rectum’ denotes the probability of colon and rectum being combined.
Table 4. Percent dying from cancer by a specific age, for males and females who were alive at current age in Japan in 2005
(-Turn:nl age Dying from cancer by age i =
10 20 30 40 50 60 70 80 Eventually 1in
Male -
[ 0.02 0.05 010 022 0.71 267 77 17.25 26.59 4
10 0.03 0.07 0.19 0.69 2.65 774 17.31 26.69 4
20 0.05 017 0.66 2.64 .73 17.33 26.73 4
30 0.12 0.62 2.60 773 17.39 26.86 4
40 0.50 2.51 T.69 1744 27.00 4
50 2.05 733 17.32 27.09 4
&0 5.60 16,15 26.49 4
0 12,02 23,80 4
&0 16.75 fi
Female
i 0.02 0.04 0.08 0.25 0.80 2.16 4.60 .22 16.17 6
10 0.02 0.06 0.24 0.78 2.15 4.60 9.24 16.21 6
20 0.04 022 0.76 214 4.58 923 16.21 6
30 0.18 0.72 210 4.56 9.22 16.22 6
40 0.55 1.94 4.40 9.09 16.13 6
50 1.40 3.90 8.64 15.75 6
60 2.56 7.42 14.72 7
70 5.14 12.84 8
80 9.01 11

stomach cancer before age 70. This table is ordered by life-
time probability of developing cancer in 2001. The cancer
site with the highest lifetime probability in 2001 was
stomach for both sexes (males, 10.77%; females, 5.79%).
The cancer site with the highest dying probability in 2005
was lung for males (6.23%) and stomach for females
(2.21%). The following are the comparisons of the five sites
with the highest probability of incidence between 1999 and

2001 and of mortality between 1999 and 2005. The prob-
ability of developing cancer for males in 1999 was highest
for stomach (10.46%), followed by lung (7.44%), colon
(5.25%), liver (3.76%) and prostate (3.26%), and for
females, the probability was highest for stomach (5.59%),
followed by breast (4.54%), colon (4.40%), lung (3.09%)
and uterus (2.39%) (2). So, the sites with the highest prob-
abilities were the same (stomach) between 1999 and 2001,
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The probability of developing prostate cancer became higher
than that of liver cancer for men, and the probability of
developing liver cancer became higher than that of uterine
cancer for women in 2001. The probability of dying cancer
for males in 1999 was highest for lung (6.59%), followed by
stomach (5.55%), liver (3.42%), colon (2.04%) and pancreas
(1.66%), and for female the probability was highest for
stomach (3.37%), followed by lung (2.61%), colon (2.18%),
liver (1.76%) and gallbladder (1.60%) (2). Thus, the sites
and their order did not change between 1999 and 2005.
Here, we must note that the probability is not necessarily in
proportion to the number, because the number depends on
the current age distribution of population. Actually, the site
with the largest number of incidence is breast for female in
2001, but it is the second highest in our estimate of prob-
ability of developing cancer (Table 3).

The primary aim of this paper was to estimate lifetime
and age-conditional probabilities of developing and dying of
cancer. Although the method for deriving these probabilities
requires several assumptions (1), these probabilities express
the current risk of cancer well. Lifetime or age-conditional
probability is a very familiar index for nations, because the
risk of cancer can be converted to a percentage for each situ-
ation. Especially, the interpretation using the reciprocal
number of this probability, for example, one in two males
will develop cancer and one in four males will die of cancer
during their lifetime, makes the risk for cancer to an intui-
tively comprehensible form.

In many other countries, these indexes are reported as a
useful summary of the cancer risk, for example (35) in
Canada and (6) in USA, and quoted in popular press.
Moreover by extending the method for estimating prob-
ability, we will be able to include several factors which influ-
ence on cancer risk, for example smoking status (7). So it is
necessary to introduce these useful indexes in Japan, which
will contribute Japanese cancer control program and
prevention.
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The MUTYH gene encodes a DNA glycosylase that can initiate the
base excision repair pathway and prevent G:C > T:A transversion by
excising adenine mispaired with 8-hydroxyguanine. Biallelic germline
mutations of MUTYH have been shown to predict familial and
sporadic multiple colorectal adenomas and carcinomas, however,
whether there is an association between single nucleotide polymor-
phisms (SNPs) of MUTYH and sporadic colorectal cancer (CRC) risk
has remained unclear. In this study we investigated four MUTYH
SNPs, IVSTH11C>T, IVS6+35G>A, IVS10-2A>G, and 972G>C
(GlIn324His), for an association with increased CRC risk in a population-
based series of 685 CRC patients and 778 control subjects from Kyushu,
Japan. A statistically significant association was demonstrated
between IVS1+11T and increased CRC risk (odds ratio [OR]: 1.43;
95% confidence interval [CI]: 1.012-2.030; P = 0.042) and one of the
five haplotypes based on the four SNPs, the IVS1+11T - IV56+35G -
IVS§10-2A - 972C (TGAC) haplotype containing IVS1+11T, was
demonstrated to be associated with increased CRC risk (OR, 1.43;
95% 0, 1.005-2.029; P =0.046). Subsite-specific analysis showed
that the TGAC haplotype was statistically significantly (P=0.013)
associated with an increased risk of distal colon, but not proximal
colon or rectal cancer. Furthermore, IV51+11C > T was found to be
in complete linkage disequilibrium with -280G > A and 1389G > C
(Thra63Thr). The results indicated that Japanese individuals with -
2BOA/IVS1+11T/1389C genotypes or the TGAC haplotype are
susceptible to CRC. (Cancer Sci 2008; 99: 355-360)

Inlmcclln!a.r DNA is at risk of damage by reactive oxygen
species (ROS) generated by normal metabolism and environmental
exposure, and 8-hydroxyguanine (8-ohG) is one of the products
induced by ROS damage and is known to be a mutagenic
lesion.”"*! The base excision repair (BER) pathway plays an
important role in repairing oxidative-damage-induced mutations,
and the MUTYH gene encodes the glycosy]ase capable of
initiasting the BER pathway by cau 'zzmg the removal of
adenine residues mispaired with 8-0hG.%* It has been indicated
that defects in the BER pathway may contribute to tumonigenesis
by increasing mutation frequency in oncogenes and umor
suppressor genes,™ In fact, it has been reported that some cases
of autosomal recessive inherited multiple colorectal adenomatous
polyposis and carcinoma with an increased frequency of somatic
G:C > T:A mutations in APC are attributable to biallelic germline
mutations in the MUTYH gene.”'" The disease-causing mutations,
Y165C, G382D, 466delE, E466X, and Y90X have been reported in
Caucasians, Indian, Pakistani and other ethnic groups ®%!1%

doi: 10.1111/.1348-7006.2007.00694.x
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The frequencies of Y165C and G382D have been investigated
in several colorectal cancer (CRC) case-control studies, and
monoallelic carriers of these variants were found in 0.0-2.6% of
the cases and 0.0-2.1% of the controls and biallelic carriers of
these variants were found in 0.0-0.8% of the cases and 0%
of the controls, respectively."* ' However, neither of these two
vaniants has ever been detected in East Asians, including
Japanese,'"** suggesting that they are ethnicity-specific alleles.
Based on the above findings, we hypothesized that MUTYH
variants other than Y165C and G382D act as low-penetrance
susceptibility alleles in Japanese CRC, similar to a situation
previously reported for the APC and CHEK2 gene variants.*'#*

We conducted a CRC case-control study to evaluate the sig-
nificance of MUTYH variants in a Japanese population. In the
single-nucleotide polymorphisms (SNPs) reported in the Japanese
population,"® four SNPs (IVS1+I11C>T, IVS6+35G > A,
IVS10-2A > G and 972G > C [GIn324His]), were selected, and
all 685 cases and 778 matched controls were genotyped to
detect these four SNPs. Statistically significant association was
found between the IVS1+11C >T SNP and increased CRC risk
in the Japanese population. A haplotye-based association study
was also carried out, and a statistically significant association
was found between the IVSI+11T — IV86+35G - IVS10-2A
= 972C (TGAC) haplotype containing the IVS1+11T allele and
CRC risk. In the subsite-specific analysis, the IVS1+11C>T
SNP was detected to be nearly statistically significantly associated
and the TGAC haplotype was found 1o be statistically significantly
associated with an increased risk of distal colon, but not proximal
colon or rectal cancer. We also found that a novel -280G > A
SNP in the 5’ flanking region of MUTYH and a previously reported
1389G > C (Thrd63Thr) SNP were both in complete linkage
disequilibrium with the IVS1+11C > T. Our results suggest that
the <2B80A/TVS1+11T/1389C or the TGAC haplotype of MUTYH
may be novel CRC susceptibility alleles.

Materials and Methods

Specimens. Blood specimens from 685 CRC cases and 778
controls were collected in a previous study. DNA was extracted
from these specimens and written informed consent was obtained
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Allele specific PCR for
-280G>A genotyping:
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from each individual patient.”™ The characteristics of the cases
and controls have been described previously.*** In brief, the
cases were composed of a consecutive series of patients with
histologically-confirmed incident colorectal adenocarcinomas,
and controls were composed of individuals that had no diagnosis of
CRC. Other eligibility criteria were as follows: age 20-74 years
at the time of diagnosis for the cases or at the time of selection
for the controls, residents of the study area (Fukuoka City and
three adjacent areas), no prior history of partial or total removal
of the colorectum, familial adenomatous polyposis or inflammatory
bowel disease, and mental competence to give informed consent
and participate in the interview. The number of control candidates
by gender and 10-year age class was determined in accordance
to the expected sex- and age-specific number of incident cases
of colorectal cancer. For the reverse transcriptase-polymerase
chain reaction (RT-PCR) experiment, total RNA was extracted
from the non-cancerous colorectal mucosa of six CRC patients
and converted to ¢cDNA, as described previously."” This study
was approved by the Institutional Review Board (IRB) of
Hamamatsu University School of Medicine (12-14, 18-4).
Target SNPs and genotyping. The six SNPs genotyped in this
study were as follows: IVS1+11C > T (rs2275602), IVS6+35G
> A (rs3219487), IVS10-2A > G (5"-flanking sequence: 5"-CAC
TCA ACC CTG TGC CTC TC-3"; 3'-flanking sequence: 5'-GGT
GGA GCA GGA ACA GCT CT-3'), 972G > C (GIn324His)
(rs3219489), G382D (rs36053993), and -280G > A (5"-flanking
sequence: 5"-ATT ACT ACT AAC CGT TAT GA-3"; 3"-flanking
sequence: 5°-CTC CAG ACT ACA TCT CCC GC-3'). The
IVS10-2A > G and -280G > A had not been presented in the
SNP database (dbSNP) of the National Center for Biotechnology
Information (NCBI) Entrez system. Genotyping of the four target
SNPs, namely, IVS1+11C > T, IVS6+35G > A, IVS10-2A> G
and 972G > C (GIn324His), was carried out by PCR with
confronting two-pair primers (PCR-CTPP), as described previously

12345678
PCR with F1, R1, Ftand Re

PCR-CTPP for
IVS1+11C>T genotyping:

WS1+11C>T
v

sl
<R1

Fig. 1. Genotyping of the -280G>A and
IVS1+11C > T single nucleotide polymorphisms (SNPs)
of the MUTYH gene. (a) The schematic diagrams
of the allele-specific polymerase chain reaction
(PCR) used to genotype the 280G > A SNP (left)
and the PCR with confronting two-pair primers
(PCR-CTPP) used to genotype the IVS1411C>T
SNP (right). PCR primers are indicated by the
horizontal arrows, and F and R mean forward
primer and reverse primer, respectively. The
location of each SNP is indicated by a vertical
arrow. (b) Agarose gel electrophoresis of the PCR
products. Eight samples, three from homozygous
carriers of the wild-type allele (No. 1-3), three
from heterozygous (No. 4-6) and two from
homozygous (No. 7 and 8) carriers of the variation,
were genotyped for 280G > A (left and middle)
and IVS1+11C>T (right). (c) Sequence electro-
pherograms of the region containing the -280G/
G and A/A (left two) and IVS1+11CTC and T/T
(right two). The positions of the SNPs are indicated
by vertical arrows,

(Fig. 1a,b),"” and genotyping of the G382D SNP was carried
out by PCR-restriction fragment length polymorphism (PCR-RFLP).
Genotyping of the -280G > A SNP was carried out by two
independent allelic-specific PCRs (Fig. la,b). The PCR primers
used were: IVS1+11C>T SNP: F1 (5-AAC TAT GAG CCC
GAG GCC TTC C-3'), R1 (5-CAG CAG AAC ACG GAG GCC
C-3), F2 (5-AGT CGT CTG TGG GTA CGC TGG AT-3"), and
R2 (5"-CCA GGA GAC GGA CCG CAA G-37); IVS6+35G > A:
Fl1 (5-CCA GTG TGG GTC TCA GAG G-3"), R1 (5-CCC TAG
CTC CTC TAC CAC CTG-3), F2 (5-CTA GGG TAG GGG
AAA TAG GAA CA-3"), and R2 (5"-CAC CCG TCA GTC CCT
CTA TC-3"); IVS10-2A > G SNP, those described previously,”
972G > C (GIn324His) SNP: F1 (5'-CCT GTC GGG CAG TCC
TGA CG-3'), R1 (5-CGC TGA AGC TGC TCT GAG GGC-3").
F2 (5-CCC AGC TCC CAA CAC TGG ACA C-3'), and R2 (5"-
GAG GCA GGC ACA GGT GGC AC-3"); G382D SNP: F (5'-
GCC CAA ATT CTG CTG GTG C-3') and R (5-GCC CAA
CGC TGT AGT TCC TG-3"); —280G > A SNP, F (5-TAC TGT
TCT CAT GGT GCC CC-3'), R (5-GCC TCG GGC TCA TAG
TTC TAG-3"), Ra (5-GCG GGA GAT GTA GTC TGG AGT-
3'), and Rg (5-CGG GAG ATG TAG TCT GGA GC-3'). PCR
products were fractionated by electrophoresis on a 2.0% agarose
gel and stained with ethidium bromide. All the cases and
controls were genotyped for all of the above SNPs.

Statistical analysis. ¥’ tests were used for deviation from the
Hardy-Weinberg equilibrium (HWE) among the controls, and
the significance level was set at 0.05. Associations between
MUTYH genotypes or haplotypes and risk of CRC were assessed
by calculating the odds ratio (OR) and 95% confidence interval
(CI). SAS version 8.2 software (SAS institute, Inc., Cary, NC,
USA) was used to carry out the statistical analysis. A P-value
less than 0.05 was accepted as statistically significant in all
cases. Adjustment for multiple testing was performed using false
discovery rate (FDR) principle.” Haplotypes were inferred by

doi: 10.1111/.1349-7006.2007 00694 .x
© 2008 Japanese Cancer Association




bp Primer pair

exon 1/exon 2

Fig. 2. Reverse transcription-polymerase chain reaction (RT-PCR) analysis.
RT-PCR was carried out with a set of primers located at exon 1 and exon
2 (upper panel) and a set of primers located at exon 1 and exon 3
(lower panel), cDNAs from three homozygous carriers of the wild-type
allele (lanes 1-3) and three heterozygous carriers of the variation (lanes
4-6) were used as the templates.

the expectation maximization algorithm with the SNPAlyze
Version 5.0 software (DYNACOM, Yokohama, Japan). Five
haplotypes with a frequency of greater than 1% were selected
for further statistical analysis. The linkage disequilibrium analysis
of the haplotypes was carried out using the SNPAlyze Version
5.0 software (DYNACOM).

RT-PCR analysis. Reverse transcription-polymerase chain reaction
was carried out for the IVS1+11C/C and C/T genotype, respectively,
with 1 pL. of each ¢DNA prepared from the non-cancerous
colorectal mucosa of six CRC patients. The two primer pairs
shown in Fig. 2 were used: one pair was composed of a forward
primer in exon | and a reverse primer in exon 2, and the other
pair was composed of the same forward primer in exon 1 and a
reverse primer in exon 3, The sequences of the primer sets are
available on request.

Results

Target SNP selection. Among the variants registered in the dbSNPs
of the NCBI Entrez system, there were six MUTYH SNPs,
namely, IVS1+11C > T (rs2275602), IVS1+1841G > A (rs3219472),
IVS143221T > G (rs3219476), 1VS6+35G > A (rs3219487),
IVS14-40G > C (m3219493) and 972G > C (GIn324His) (rs3219489),
that have been detected in the Japanese E»Upu]aliun. Among the
SNPs reported in previous publications,"**" five MUTYH SNPs,
namely, IVS1+11C > T (rs2275602), IVS6+35G > A (rs3219487),
IVS10-2A > G (5-flanking sequence: 5-CAC TCA ACC CTG
TGC CTC TC-3; 3"-flanking sequence: 5-GGT GGA GCA GGA

ACA GCT CT-3), 972G > C (GIn324His) (rs3219489), and
1389G > C (Thrd63Thr) (5"-flanking sequence: 5-CCA GGT
GCT CGC TGG CTG AC-3"; 3'-flanking sequence: 5-CAG
GAG GAA TTT CAC ACC GC-3") have been reported in
the Japanese population. However, since the IVS6+435G > A
and IVS1+11C>T had been found to be in complete linkage
disequilibrium with IVS14-40G > C and 1389G > C (Thr463Thr),
respectively. The remaining six SNPs were initially selected as
candidates. For the haplotype association analysis, a pilot study
was carried out by genotyping the six SNPs in 30 healthy
Japanese individuals. Analysis with the SNPAlyze Version 5.0
software revealed the five haplotypes with a frequency of more
than 1%, and they comprised all of the total predicted haplotype
variation. As we were able to distinguish these five haplotypes
with four SNPs, namely, IVS1+11C > T, IVS6+35G > A, IVS10-
2A>G, and 972G>C (GIn324His). the 4 SNPs were
ultimately chosen as the haplotype-tagging SNPs.

Association between the IVS1+11C> T SNP and increased risk of CRC.
The 685 cases and 778 controls were genotyped for the MUTYH
SNPs by PCR-CTPP. and the accuracy of the genotyping was
verified by sequencing five specimens for each genotype of each
SNP. The concordance rate was 100% (data not shown). The
frequencies of each SNP are summarized in Table 1. The genotypic
distributions of all the SNPs detected were in HWE. The
IVS1411C>T SNP, whose functional role has never been
investigated, was shown to be statistically significantly associated
with increased CRC risk. The crude OR was 1.43 (95% CI,
1.012-2.030; P =0.042). After adjustments for gender, age and
place of residence, the OR was estimated to be 1.46 (95% CI,
1.024-2.069; P =0.036) (Table 1), The P-valuc remained less
than 0.05 after FDR adjustment (Table 1), No statistically significant
differences in the frequency of any of the other three SNPs,
IVS6+35G > A, IVS10-2A > G, and 972G > C, were observed
between the cases and controls (Table 1), Furthermore, the
association between the SNPs of MUTYH and the risk of CRC
was examined by the anatomic subsite of the CRC. It showed
that the IVS1+11 A/T + T/T genotypes were nearly statistically
significantly associated with an increased risk of distal colon
cancer risk (OR, 1.58; 95% CI, 0.984-2.544; P = 0.058) (Table 2).
Since monoallelic mutation of G382D has recently been shown
to be associated with CRC risk in Caucasians,” the 685 cases
and 778 control subjects were also examined for G382D, but no
homozygotes or heterozygotes for this mutation were detected
(data not shown). Because the complete linkage disequilibrium
between IVSI+11C > T and 1389G > C had already been
reported,'” the results suggested that the IVSI+11C > T and
1389G > C vanants of MUTYH may confer susceptibility to CRC
in the Japanese population.

Table 1. Genotypes of the four MUTYH single nucleotide polymorphisms (SNPs) and risk of colorectal cancer

Not adjusted Adjusted’
Variation' Genotype No. of control R adjusted
(%)/cases (%) OR (85% 1) Pvalue OR (85% C1) Pusive  TORdjust
P-value!
IVS1411C>T oC 714 (91.8)/607 (88.6) 1.00 (reference) - 1.00 (reference) - -
arT+TT 64 (B.2)/78 (11.4) 1.43 (1.012-2.030) 0.042 1.46 (1.024-2.069) 0.036 0.036
IV56+35G > A GIG 628 (80.7)/539 (78.7) 1.00 (reference) - 1.00 ({reference) - -
G/A 143 (18.4)/140 (20.4) 1.14 (0.880-1.480) 0.321 1.14 (0.878-1.485) 0321 0.963
AJA 7 (0.9M6 (0.9) 1.00 {0.334-2.990) 0.998 0.97 (0.320-2.926) 0.953 >1.0
VS10-2A>G AJA 741 (95.2)/662 (96.6) 1.00 (reference) = 1.00 (reference) - -
AIG + GIG 37 (4.8)23 (3.4) 0.70 {0.409-1.183) 0.178 0.67 (0.390-1.139) 0.138 0.276
972G > C (GIn324His) GIG 215 (27.6)/194 (28.3) 1.00 (reference) - 1.00 (reference) = -
G/IC 395 (50.8)/350 (51.1) 0.98 (0.771-1.250) 0.883 0.96 {0.751-1.223) 0.733 =1.0
ac 168 (21.6)/141 (20.6) 0.93 (0.692-1.251) 0.632 0.90 (0.670-1.220) 0.511 >1.0

'Nucleotide +1 is the A of the ATG-translation initiation codon. *Adjustment was made for gender, 5-year age class, and residential area. ‘False
discovery rate (FOR) adjusted P-value. Cl, confidence interval;, OR, odds ratio.
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Table 2. MUTYH genotypes and the risk of colorectal cancer (CRC) stratified by anatomic subsite

Proximal colon® (n = 150)

Distal colon® (n = 232) Rectum' (n = 290)

Variation' Genotype
No. OR (95% CI) Pvalue No. OR (95% C1) P-value No. OR (95% CI) P-value
IVS1+11C>T (¢ 133 1.00 (reference) - 203 1.00 (reference) - 259  1.00 (reference) -
T+ T 17 1.50 (0.843-2.664) 0.169 29 1.58 (0.984-2.544) 0.058 31 1.36 (0.861-2.154) 0.187
V564356 > A G/G 122 1.00 (reference) - 178 1.00 (reference) - 229 1.00 (reference) -
G/A 28 1.03 (0.655-1.629) 0.887 51 1.27 (0.884-1.835) 0.195 58 1.07 (0.757-1.510) 0.703
AJA 0 - 0.984 3 152 (0.383-6.056) 0.551 3 1.15 (0.286-4.581) 0.848
IVS10-2A > G AIA 143 1.00 (reference) - 226 1.00 (reference) - 281 1.00 (reference) -
AIG + GIG 7 0098 (0.422-2.268) 0959 6 0.48 (0.197-1.156) 0.101 9 0.62 (0.295-1.319) 0.216
972G > C (GIn324His) G/G 34 1.00 (reference) - 72 1.00 (reference) - 83  1.00 (reference) -
G/C 95 1.57 (1.020-2.426) 0.040 105 0.78 (0.553-1.108) 0.167 144  0.90 (0.655-1.247) 0.538
ac 21 0.78 (0.434-1.405)  0.409 55 0.99 (0.654-1.484) 0.943 63 0.94 (0.639-1.392) 0.768

‘Nucleotide +1 Is the A of the ATG-translation initiation codon. *Adjustment was made for gender, 5-year age class, and residential area. C),

confidence interval; OR, odds ratio.

Table 3. Haplotype frequency based on the four MUTYH single nucleotide polymorphisms (SNPs) and risk of colorectal cancer

Haplotype' Frequency (%)’ Not adjusted Adjusted®
VS1H11C>T IVS6+35G>A IVS10-2A>G 972G>C Control Case  OR(95%C  Pvalue  OR(S5%C)  Pvalue ' pooed
C G A [ 429 40.4 1.00 (reference) - 1.00 (reference) = -
¢ G A G 408 415 093(0791-1089) 0360 1.10(0.936-1293) 0248 0992
c A A G 98 107 1.08(0.840-1.397) 0537 1.18(0910-1519) 0215 0645
T G A c 40 58 1.43(1.005-2029) 0046 1.56(1.098-2.228) 0013 0013
c G G G 25 16 063(0370-1.079) 0090 066(0387-1.136) 0135  0.270

'Nucleotide +1 is the A of the ATG-translation initiation codon. 'Inferred common haplotypes with frequency >1% are listed. *Adjustment was
made for gender, 5-year age class, and residential area. *False discovery rate (FDR) adjusted P-values. Cl, confidence interval; OR, odds ratio.

Table 4. MUTYH haplotypes and the risk of colorectal cancer (CRC) stratified by anatomic subsite

Haplotype’ Proximal colon® Distal colon® Rectum*
IV§1411C>T IVS6+35G>A IV510-2A>G 972G>C OR (95% CI) P-value OR (95% CI) P-value OR (95% CI) Pvalue
C G A C 1.00 (reference) - 1.00 (reference) - 1.00 (reference) -
C G A G 1,13 (0.855-1.484) 0.397 1.10 (0.871-1.389) 0424 1.06 (0.856-1.311) 0.595
[ o A A G 1.00 (0.634-1.587) 0.990 1.27 (0.8B85-1.816) 0.196 1.15 (0.822-1.594) 0.424
T G A C 1.61 (0.904-2.879) 0.106 1.81(1.131-2.884) 0.013 1.36 (0.854-2.166) 0.195
C G G G 0.99 (0.430-2.296) 0988 0.43(0.166-1.116) 0083 0.62 (0.296-1.316) 0.216

'Nucleotide +1 is the A of the ATG-translation initiation codon. 'Adjustment was made for gender, 5-year age class, and residential area.

Cl, confidence interval; OR, odds ratio.

Association between the TGAC haplotype containing the IVS1411T
and increased risk of CRC. Haplotype-based association studies are
known to have greater power than individual SNP-based association
studies.”” Haplotype analyses were carried out based on the
genotyping data of the four SNPs of MUTYH, namely, IVS1+11C
> T, IVS6435G > A, IVS10-2A > G, and 972G > C. There were
five haplotypes with a frequency greater than 1%, CGAC, CGAG,
CAAG, TGAC, and CGGG (Table 3), and since the CGAC haplotype
was detected in 42.7% of the controls (Table 3), the highest
percentage, the CGAC haplotype was used as the reference
haplotype, and the following statistical analysis was carried out
using the SAS system. Consistent with the results for each SNP,
the TGAC haplotype containing the IVS1+11T allele was statistically
significantly associated with increased CRC nisk. The crude OR
was 1.43 (95% CI, 1.005-2.029; P =0.046) and after adjustment
for gender, age and place of residence, the OR was 1.56 (95%
CI, 1.098-2.228; P =0.013) (Table 3). The P-value remained less
than 0.05 after FDR adjustment ( Table 3). The results of subsite-
specific analysis revealed a significant association between the
TGAC haplotype and increased risk of distal colon cancer (OR,
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1.81; 95% CI, 1.131-2.884; P =0.013) (Table 4). These results
suggested that the TGAC haplotype containing the ¢.36+11T
SNP confers susceptibility to CRC, especially 1o distal colon cancer,
in the Japanese population.

RT-PCR analysis and detection of a novel SNP -280G > A linked with
IV§1+11C>T. The association between the IVS1+11C > T SNP of
MUTYH and CRC risk suggested a functional difference between
IVS1+11C and IVS1+11T. The IVS1+11C >T SNP is located in
the boundary region between MUTYH exon | and intron 1, and
many reports have suggested that gene variants in the neighborhood
of the junction are often accompanied by abnormal splicing. ' In
order to investigate whether the IVS1+11C >T SNP affects the
splicing of MUTYH, an RT-PCR analysis was carried out by
using cDNAs from carriers of the [IVS1+11C/T and C/C genotype.
However, no splicing abnormalities were detected in the cases
carrying the IVS1411C/T genotype (Fig. 2). On the other hand,
during our checking of the sequences around the first exon of
MUTYH to exclude variation at the splice site, a novel SNP of
~280G > A was detected in the sample carrying the IVS1+11C>T
SNP (Fig. 1b.c). Further genotyping was carried out in all subjects,

doi: 10.1111/].1349-7006.2007.00694.x
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and —280G > A was found to be 100% linked with IVS1+11C>T.
The 280G >A SNP was demonstrated to be in complete
linkage disequilibrium with the IVS1+11C>T SNP (© = ) by
the SNPAlyze Version 5.0 software. Since the 280G > A SNP
and 1389G > C (Thr463Thr) SNP were both in complete linkage
disequilibrium with the IVS1+11C > T SNF, the results suggested
that the Japanese individuals with the <280 A/IVS1+11T/1389C
alleles or the —280A — IVS1+1 1T - IVS6+35G — IVS10-2A - 972C
— 1389C haplotype were significantly associated with increased
CRC nisk.

Discussion

In this Japanese population-based case-control study four MUTYH
SNPs, namely, IVS1+11C > T, IVS6+35G > A, IVS10-2A > G,
and 972G > C, were genotyped in 685 CRC cases and 778 controls,
The frequency distribution of IVS1+11T and the IVSI+11T -
IVS6+35G ~ IVS10-2A - 972C (TGAC) haplotype were significantly
associated with increased CRC risk. Subsite-specific analysis
showed that the IVS1+11C >T SNP was nearly statistically
significantly associated (P =0.058) and the TGAC haplotype
were statistically significantly associated (P =0.013) with an
increased nisk of distal colon, but not proximal colon or rectal
cancer. Next, we found that the IVSI+11C>T SNP was in
complete linkage disequilibrium with —280G > A. No aberrant
splicing induced by IVSI+11T allele was detected by RT-PCR.
Together with the previously detected 1389G > C (Thr463Thr),
# SNP in complete linkage disequilibrium with IVS1+11C > T,
our results suggested that individuals who have the MUTYH -
280 A/IVST+11T/1389C alleles or the TGAC haplotype are
more susceptible to CRC in the Japanese population.

The present study is the first Japanese population-based CRC
case-control study to evaluate the association between the SNPs
of MUTYH and the risk of CRC by the anatomic subsite of the
colorectal cancer. The results demonstrate that the IVS1+11C>T
SNP and TGAC haplotype confer susceptibility to distal colon
cancer in the Japanese population, Since this study investigated
the association between four SNPs and five haplotypes of
MUTYH and the risk of CRC on the same set of samples, a
method for multiple testing is applicable to this study. Therefore,
the method of FDR was used for all of the results, and the
statistical significance of the associations was found to remain
essentially unchanged (Tables | and 3). These results coincide
with the fact that tumors arising from different subsites of the
colorectum differ in their po&ulntion distribution, clinical features
as well as genetic pathways.™" It was suggested from our results
that the IVS1+11 >T SNPs and TGAC haplotype of MUTYH
may be involved in distal colon carcinogenesis and that the risk
of cancer arising from each anatomic subsite of the colorectum
may be modified by different genetic pathways. Further studies
need to be conducted to elucidate the underlying mechanisms.

The development of CRC is a multistep, multifactor process.™
Some studies have demonstrated that environmental factors and
physical conditions may modify the genetic risk of CRC associated
with SNPs,"*#" This may also hold true for the CRC risk associated
with MUTYH SNPs. In the present study, adjustment was made
for gender, age and place of residence to evaluate the associa-
tion between the MUTYH SNPs and CRC risk. The adjusted OR
and 95% CI remained essentially unchanged after the adjustments
as compared with the values obtained without the adjustments
(Tables 1 and 3). Furthermore, when the body mass index, disease
history, physical activity, dietary factors, smoking and alcohol
consumption status were taken into consideration, the P-value
for IVS1+11C > T was 0.058, a nearly significant value, and the
P-value for the TGAC haplotype remained less than 0.05 (data
not shown). This result suggested that the association between
the MUTYH SNPs and the nisk of CRC was not significantly
madified by environmental factors or the physical condition.

Tao et al,

In the present study, the 972G/C genotype was statistically
significantly associated with increased risk of proximal colon,
but not distal colon or rectal cancer (Table 2). The functional
analysis revealed no difference between the C/C type and G/G
type.'"" and the 972C allele is more frequently detected in Japanese
and Chinese than in European populations as shown in the
dbSNPs of the NCBI Entrez system. Taking this into consideration
with our result, it could be suggested that the 972C allele may
be inversely associated with the development of at least proximal
colon cancer in the Ja population. Alternatively, this inverse
association of the 972C allele with the risk of proximal colon
cancer in the Japanese population may arise from its interaction
with other allele(s). The IVS10-2A > G SNP had been demon-
strated to generate a protein without nuclear expression and the
IVS10-2G allele was suggested 1o be associated with a low BER
function in the cell nuclei and thereby, act as a risk allele for
cancer. However, the results of analyses in this study revealed an
OR of less than 0.7 (except for cancer of the proximal colon) for
the IVS10-2G allele and the CGGG haplotype, which contains
the IVS10-2G allele, although the P-value did not reach statistical
significance (Tables [-4). These results remained essentially
unchanged even after adjustments for environmental factors and
physical conditions (as described above). Investigation of some
other additional clinical factors, such as pathological stage,
recurrence or survival, might yicld some association. On the
other hand, some studies have suggested that SNPs of repair genes
may be associated with reduced cancer risk or fewer recurrences,
and that effective host DNA repair capacity may be associated
with poorer survival."'*" These observations suggest that muta-
tions in the repair genes may also be inversely associated with
malignant alterations, in addition to their more widely recog-
nized association with increased cancer risk. The inverse associ-
ation of the IVS10-2A > G SNP detected in this study with
colorectal cancer risk might be explained by the contention that
individuals with the A allele may be more resistant to ROS or
other stresses than individuals with the G allele, and that the A
allele has a protective effect on cells with mutations, similar to
the situation suggested by Wang et al. for the XRCC1 Argl94Trp
variant, a SNP associated with a reduced nisk for various types
of cancers.*"! Research on the effect of MUTYH [ isoforms on
the cellular responses 1o various mutagens are expected help in
clarifying this issue.

Besides the RT-PCR experiment, reporter assay was also carried
out to investigate whether the -280G > A and IVSI+IIC>T
SNPs may affect the promoter activity of MUTYH. The dual-
luciferase reporter assay experiments detected high transcriptional
activity of the region (-411~+356) of MUTYH (data not shown).
This information will be of use for future analyses. The reporter
plasmids containing the wild-type and mutant sequence for the
responses to oxidative stress were also investigated using the colon
cancer cell line HCT116. ROS was induced by glucose oxidase,
menadione or H,0, at appropriate concentrations and treatment
durations. However, the two linked SNPs, -280G > A and IVS]
+11C > T, did not affect the promoter activity in our setting (data
not shown). This study did not detect any functional differences
in the <280G > A/IVS1+11C > T/1389G > C SNPs, and there remains
the possibility that the three SNPs might be linked with other
SNPs and these SNPs might affect the susceptibility to CRC.
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ABSTRACT

Aims: P-glycoprotein, the gene product of multidrug-resistant transporter-1 (MDRT), confers multidrug
resistance against antineoplastic agents but also affects the kinetic disposition of some drugs and
carcinogens. MDR! (34357 polymorphism influences the development of colon cancer and adult acute
myeloid leukemia by the association with transporting carcinogen. The aim of this study was to clarify the
association of MDR1 C3435T polymorphism with susceptibility to gastric cancer and peptic ulcers in patients
with japanese H. pylori infection.

Main methods: We assessed the MDRI (3435T polymorphism in H. pylori-positive gastritis alone patients
(n=150), gastric cancer (n=292), gastric ulcer (n=215), and ducdenal ulcer (n=163) and H. pylori-negative
subjects (n=168) as control by a PCR-based method.

Key findings: No significant difference existed in frequencies of MDR1 C3435T polymorphisms between
H. pylori-negative controls and H. pylori-positive gastritis alone patients, Moreover, MDRI-3435 T allele
carriage didn't affect the risk of gastric cancer or peptic ulcer development. The age- and sex-adjusted odds
ratios (ORs) of MDR1 3435 T allele carriers relative to the C/C genotype group for gastric cancer, gastric ulcer
and duodenal ulcer risk were 0.96 (95%Cl: 0.56-1,66), 1.16 (95%C1: 0,72-1.84) and 1.00 (95%Cl: 0.61-1.62),
respectively.

Significance: In this preliminary data, the association with MDRI C3435T polymorphism and risk for
developing H. pylori-related gastric cancer and peptic ulcer in Japanese was low. P-glycoprotein might not be

involved in the carcinogenesis of H. pylori-related gastric cancer.

Introduction

In 1994, WHO/IARC designated Helicobacter pylori (H. pylori) as a
definite biological group 1 carcinogen of gastric cancer. Around 50% of
the Japanese population are infected with H. pylori, and have a five-
times higher risk of gastric cancer development in comparison with
those without infection (Hamajima et al., 2004). Of gastric carcino-
genesis-related host genetic factors, the polymorphism of not only
inflammation-related cytokines (El-Omar et al., 2000; El-Omar et al.,
2003; Sugimoto et al. 2007a: Sugimoto et al., 2007b), but also drug
metabolism-related enzymes. such as cytochrome P450 (CYP) 2A6,
CYP2E1, CYP2C19, glutathione S-transferase and N-acetyitransferase
have intensively been studied (Yokose et al., 1998; Cai et al., 2001: Gao
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et al., 2002: Tsukino et al., 2002; Park et al, 2003; Suzuki et al., 2004:
Sugimoto et al., 2005).

In the gastrointestinal tract, P-glycoprotein (P-gp), an ATP-binding
cassette (ABC) transporter, is expressed in a high concentration on the
apical surfaces of superficial columnar epithelial cells of the colon and
distal small bowel (Fojo et al., 1987; Thiebaut et al., 1987). P-gp, the
gene product of multidrug-resistant transporter-1 (MDRI), confers
multidrug resistance against antineoplastic agents but also plays an
important role in affecting the kinetics disposition of common drugs
and carcinogens (Cascorbi et al,, 2001; Pauli-Magnus et al,, 2001).

MDR] is located in chromosome 7g21.1, composed of 28 exons and
209 kilobases in length, More than 40 single nucleotide polymorph-
isms have been discovered in MDR1 (Hoffmeyer et al.. 2000; Cascorbi
et al, 2001; Kroetz et al,, 2003), The MDRT C3435T polymorphism in
exon 26 was most extensively investigated and was first shown to
correlate with the activity of P-gp in the duodenum (Hoffmeyer et al.,
2000). Individuals with the MDR1 3435 T/T genotype have signifi-
cantly lower duodenal P-gp expression and higher serum digoxin
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Table 1
Demographic characteristics and frequencies of MDR] C3435T genotypes
H. pylori-negative Gastritis Gastric Duodenal Castric P value
control alone ulcer ulcer cancer
(n=168) (n=292) (n=215) (n=163) (n=~150)
Age (mean, yr + 5D) 460207 526407 526209 50711 687208 <001
Sex (male/female, nfn) 105/63 203/89 177/38 135728 115/35 <0.01
Histology Intestinal type m
Diffuse type 39
Clinical stage Stages 1-2 114
Stages 3-4 36
MDR] C3435T CJC genotype 49 (29.2%) 109 (37.2%) 56 (26.1%) 46 (28.2%) 49 (32.7%) 009
polymarphism
C/T genotype 96 (57.1%) 141 (48.1%) 117 (54.4%) 81 (49.7%) 73 (48,6%)
TIT genotype 23 (13.7%) 43 (14.7%) 42 (195%) 36 (221%) 28 (18.7%)

Abbreviations are; MDR1; multidrug-resistant transporter-1.

levels after orally dosed in comparison with those with C/C genotype
in Caucasians (Hoffmeyer et al., 2000). However, the effect of MDR1
C3435T polymorphism on the P-gp expression is controversial and
appears to be conflicting by several ethnic and/or geographic factors
(Nakamura et al., 2002). Nakamura et al. (Nakamura et al, 2002)
reported that plasma levels of orally dosed digoxin were higher in
Japanese with the MDR1 3435 C/C genotype in comparison with those
with the T/T genotype and that mRNA levels of MDR! in the
duodenum were also lower in the group with the MDR1 3435 C/C
genotype. Kimchi-Sarfaty et al. (2007) have recently reported that
MDR1 C3435T polymorphism affects the timing of translational
folding and insertion of P-gp into the membrane, thereby altering
the structure of substance.

Interestingly, H. pylori infection upregulates the gastric mucosal
P-gp levels with upregulations of COX-2 and prostaglandin in gastric
mucosa (Nardone et al., 2004), P-gp is also reportedly associated
with the development of neoplastic diseases (Siegsmund et al., 2002;
Tafuri et al., 2002; Humeny et al, 2003; Jamroziak et al, 2004;
Kurzawski et al,, 2005; Koyama et al., 2006; Osswald et al., 2007;
Tahara et al,, 2007). Although Tahara et al. (2007) reported that the
carrier of MDR] 3435 T[T genotype had significantly prevented
effects in gastric cancer developments, the relationship between the
MDR1 C3435T polymorphism and gastric cancer risks remains totally
obscure. Then, we intended to examine whether MDRI C3435T
polymorphism is associated with gastric cancer risks in Japanese
patients with H. pylori infection.

Materials and methods
Subjects

A total of 820 Japanese patients infected with H. pylori infection on
the basis of rapid urease test (RUT) (Helico Check. Otsuka Co,
Tokushima, Japan) and 168 H. pylori-negative subjects were enrolled
in this study at the University Hospital of Hamamatsu University
School of Medicine from January 2001 to December 2007. When a
result of RUT was obtained from the biopsied specimens under
gastroduodenoscopy, they were invited to participate in the study.
After their written informed consents were obtained, patients were
enrolled in the study. They consisted of the gastric cancer (n=150),
gastric ulcer (n=215), duodenal ulcer (n=163), or gastritis alone
(n=292) patients and H. pylori-negative subjects as control group
(n=168). These H. pylori-positive patients had endoscopically and
histologically proven active chronic gastritis, peptic ulcer or gastric
cancer. The gastric cancer group was further pathologically classified
into the two subgroups, the intestinal-type group and the diffuse-type
group, in according to the Lauren (1965) classification (Lauren, 1965).
Gastritis alone group was defined as endoscopical and histological

gastritis with no peptic ulcers, gastric cancer, or any esophageal
diseases, Demographic clinical characteristics of patients enrolled in
the study are summarized in Table 1. The protocol was approved in
advance by the Human Institutional Review Board of Hamamatsu
University School of Medicine.

Genotyping of MDR1 C3435T polymorphism

DNA was extracted from peripheral blood leukocytes of each
patient, using a commercially available kit (IsoQuick, ORCA Research
Inc., Bothell, WA). MDR1 C3435T polymorphism was determined by a
PCR-RFLP method as described by Cascorbi et al. (2001), Amplification
primers for the 197 bp fragment were 5'-TGT TTT CAG CTG CTT GAT
GG-3' [205,700~-205,719 of ABCB1 gene (AY910577)] and 5'-AAG GCA
TGT ATG TTG GCC TC-3' |205,896-205,877 of ABCB1 (AY910577)]. The
PCR products were digested with Sau3Al (Takara Bio Inc,, Shiga, Japan)
at 37 °C for 1 h. Fragments were separated by electrophoresis on 3%
agarose gels and stained with ethidium bromide. The result of PCR-
RFLP was identified only by agarose gel electrophoresis.

Data analysis

Hardy-Weinberg equilibrium of allele frequencies at individual
loci was assessed by comparing the observed and expected genotype
frequencies using the chi-squared test. Statistical differences in mean
age, male/female and MDR1-C3435T genotype/allele frequencies
among the different disease groups were determined by one-
way ANOVA or the chi-square test. The effects of genotypes/alleles
of MDR1 C3435T polymorphism on the risk of gastric cancer and

Table 2
Influences of MDR! C3435T genotypes on gastric cancer, gastric ulcer and duodenal
ulcer risks

Disease Genotypejallele  n (%) Adjusted OR  95% C1 P value
carriage o 1
Gastric cancer  C/C 49 (32.7%) 1000 (ref)
o 73 (486%) 097 055-171 090
T 28(177%) 102 047-221 096
Tallele carriage 101 (673%) 096 056-166 0.89
Gastriculcer  CJC S6(261%) 1000 (ref) §
(o8 117 (54.4%) 107 066-1.74 078
T 42(195%) 151 0.78-289 022
Tallele carriage 159 (739%) 116 072-184 055
Duodenal cjc 46(282%) 1000 (ref)
ulcer T 81(49.7%) 086 051-144 057
T 36(221%) 154 0.78-302 021
Tallele carriage 117 (718%) 100 061-162 089
(Odids ratios (ORs) were adjusted by age and sex. Abbreviations are: MDRT = multidrug-resi
1, and Cl=confidence interval.
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Table 3
Influences of the MDRT C3435T genotype status on the development of two different
histological types of gastric cancer

Histological type  Genotype/allele Adjusted OR  95%C1  Pwalue
carrlage o e S

Intestinal type  CJC 38(342%) 1000

[m=111) T 51 {460%) 086 046-160 063
Riis 22(198%) 094 041-214 089
Tallele carriage 73 (658%) 086 048-155 082

Diffuse type i 11 (282Y) 1000

(r=39) T 22(5643) 1M 056-306 053
hiis 6(154%) 107 033-342 09
Tallele carrlage  28(718%) 123 055-277 062

Oxids ratios (ORs ) were adjusted by age and sex. Abt
msporter- |, and O e interval.

are: MDR1 Indrug

peptic ulcer development were expressed as odds ratios (ORs) with
95% confidence intervals (Cls) adjusted by age and sex with reference
to gastritis alone subjects. All P values were 2-sided, and P values less
than 0.05 were considered statistically significant.

The sample size was calculated on the basis of the frequencies of
MDR1-3435 genotypes in the healthy Japanese H. pylori-negative
population reported by Tahara et al. (2007): 40.8% for MDR1-3435 T/T
genotypes, We chose to perform an unmatched case-control study
{assuming 1.00 controls per gastric cancer patient). When the desired
power of our study (1-43) was set at 80% with a significance level of
0.05 in a two-sided test, at least 66 gastric cancer patients and 66
H. pylori-negative controls were required. Therefore, our sample size
was considered sufficient to study MDR1-3435 polymorphisms in
relation to gastric cancer risks.

Results
Patient characteristics

The mean age of subjects with gastric cancer was significantly
higher than those of any other groups (p<0.01, Table 1) and the
frequency of gastric cancer patients was significantly greater in men
than in women (p<0.01, Table 1). Then, the ORs of development of
gastric cancers and peptic ulcers were adjusted by age and sex.

Effects of MDR1 C3435T polymorphism on developing gastric cancer and
peptic ulcer

The genotype frequencies in the control group did not deviate
significantly from those expected under the Hardy-Weinberg equili-
brium (Table 1), No significant difference existed in frequencies of
MDR1 C3435 T polymorphism between H. pylori-negative controls
and H. pylori-positive gastritis alone patients (p>0.05).

The frequencies of the MDR1 3435 C/C, C/T and T/T genotypes were
29.2% (n=29), 57.1% (n=96) and 13.7% (n=23) in the control group
without H. pylori infection, whereas those in the gastric cancer group
were 32.7% (n=49), 48.6% (n=73) and 18.7% (n=28), respectively
(Table 1), The age- and sex-adjusted ORs of MDR1 3435 T allele carriers
relative to the C/C genotype group for gastric cancer was 0.96 [95%C1:
0.56-1.66, n=101 (67.3%)]; there was no association with gastric
cancer development and MDR! C3435T polymorphism (Table 2).
When the gastric cancer patients were classified into the intestinal-
type and diffuse-type subgroups, the adjusted ORs of T allele carriers
for the respective subgroups were 0.86 [95%C1: 0.48-155, n=73
(65.8%)] and 1.23 [95%Cl: 0.55-2.77, n=28 (71.8%)] (Table 3).

The frequencies of the MDR1 3435 C/C, C/T and T/T genotype in the
gastric ulcer and duodenal ulcer group were 26.1%, 54.4% and 19.5%,
and 28.2%, 49.7% and 22.1%, respectively (Table 1). Although patients
with MDR1-3435 T/T genotype had tendency with higher risk of
peptic ulcer development, MDRI C3435T polymorphism was not
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significantly associated with the risks of the peptic ulcer development
(Table 2),

Discussion

P-gp as a physiological barrier plays an important role in the
detoxification system of normal tissues, such as the gastrointestinal and
renal epithelium (Kankesan et al, 2004). P-gp is also associated with the
regulation of cellular apoptosis. differentiation and proliferation
(Fantappie et al, 2007), Recent studies have demonstrated the local
over-expression or down-expression of P-gp in various cancer cells and
tissues, suggesting that local expression level of P-gp would be
associated with carcinogenesis. The theoretical possibility that the
lower P-gp activity may result in higher intracellular concentrations of
mutagens, which can induce more DNA damage in cells, thereby
eventually resulting in the transformation of normal cells to mutated
cells, Indeed, in susceptibility to cancer of gastrointestinal tract, the
MDR1 3435 T allele carrier were found more frequently in patients of
colon cancer, and the carriage of MDR1 3435 Tallele and TT genotype is a
nsk factor for colon cancer development (Humeny et al. 2003;
Kurzawski et al, 2005). Moreover, Osswald et al, (2007) and Koyama
et al. (2006) reported that patients who carried the C allele of MDR!
T-129C, but not G2677A, T and (3435T was associated with the lower
expression of P-gp and developed more frequenty colorectal cancer.
However, some reports indicated that no significant difference was
observed in frequencies of MDR1 C3435T genotype between controls
and patients with colorectal cancer or esophageal cancer (Potocnik et al.,
2002; Bae et al, 2006; Komoto et al,, 2006; Lee et al., 2006). As stated
above, there have been controversial reports about the association of
MDR1 C3435T polymorphism with susceptibility to cancers.

On the other hand, the polymorphic effects of MDR1 C3435T
on the development of gastric cancer have been reported only one
paper, Tahara et al. (2007) reported that the carrier of MDRI 3435 TT
genotype had significantly prevented effects in gastric cancer de-
velopment (OR: 0.43; 95%C1: 0.23-0.79). Of H. pyloni infection-related
disorders, the positivities and expressions of P-gp are significantly
higher in H. pylori-associated gastritis and gastric cancer than in the
normal gastric mucosa without H. pylori infection (Nardone et al,
2004; Babic et al, 2005). P-gp is generally undetectable in normal
gastric mucosa, whereas the expression of P-gp is correlated with the
grade of H. pylori infection, atrophy and acute and chronic infiltration
(Nardone et al., 2004). Therefore, P-gp is considered to be associated
with the pathogenesis of H. pylori-related disorders including gastric
cancer. However, our results indicated that MDR1 C3435T polymorph-
ism had no association with gastric cancer development. Previous
Japanese data of frequency of MDR1 C3435T polymorphism was 35%
in MDR1-3435 CfC genotype, 53% in C/T genotype and 12% in T/T
genotype (Horinouchi et al, 2002), as observed in this study, whereas
the frequency in control patients reported by Tahara et al. (2007)
was 26.9%, 41.4% and 31.7%, which had higher frequency of T allele
carrier. The difference of frequency of MDR1 (3435T genotypes
might cause the different result. We are tempted to assume that the
influence of grade of gastritis induced by H. pylori infection on the
gastric mucosal P-gp level might be much stronger than that of MDR1
polymorphism and/or that carcinogen(s) for gastric cancer might not
be the candidate substrate(s) for P-gp. In this respect, the candidate
carcinogens for gastric cancer might differ from those for colonic
cancer.,

Conclusion

We demonstrated that the MDRI C3435T polymorphism was not
associated with an increased risk for the developing of gastric cancer.
Although the possible association of MDRI C3435T polymorphism
in this process was reported for other neoplastic diseases, the role of
P-gp in gastric carcinogenesis appears o be of a limited importance
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based upon the present study findings. Further studies are required to
determine the exact role of MDR1 (34357 polymorphism in the
gastric cancer development in relation to other polymorphisms
already known to be associated with gastric carcinogenesis.
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