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Alterations of the base excision repair gene
MUTYH in sporadic colorectal cancer
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Abstract. The base excision repair gene MUTYH encodes
glycosylase which removes adenine residues mispaired with
8-0x0-7,8-dihydro-2'-deoxyguanosine (8-OHG). Biallelic
germline mutations of the MUTYH gene are known to cause
multiple colorectal adenomas including polyposis and cancer,
mostly due to G:C-T:A transversions in proto-oncogenes or
tumor suppressor genes. The risk of colorectal cancer (CRC)
in monoallelic mutation carriers of MUTYH is estimated to
be higher in comparison with non-carriers. To investigate the
possible role in sporadic CRC, we examined alterations of the
MUTYH gene including somatic mutations and allelic loss
in 101 cases of sporadic CRC, together with the KRAS muta-
tion in some cases. MUTYH mutations in cancer DNA were
detected in 3 cases, while mutations were also found in DNA
samples from normal tissues, indicating that all were germline
mutations. Allelic loss at the MUTYH locus was found in 10
of 51 (20.0%) CRC cases and KRAS mutations were found in
33 of the 101 (32.7%) samples. There was no significant differ-
ence in the rate of G:C—T:A transversion in KRAS between
cases with allelic loss (1 of 10, 10.0%) and without allelic loss
(9 of 41, 22.0%). Investigation of quantitative allelic imbalance
at SNP rs3219489 of MUTYH showed that CRC cases with
C allele dominance (minor type corresponding to His) were
more frequently detected with G:C-T:A transversions than in
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those with G allele dominance (major type corresponding to
Gln). In conclusion, somatic alterations of MUTYH in sporadic
CRC were rare, similar to other DNA repair genes. However,
it is possible that unknown mutations of regions not analyzed
in this study and epigenetic changes of the promoter region of
MUTYH may contribute to the disease.

Introduction

Colorectal cancer (CRC) is one of the most prevalent malig-
nancies throughout the world and the third leading cause of
cancer death in Japan. Therefore, elucidation of its etiology
and development of therapeutic measures are very important
(1). To date, a number of studies of CRC development have
shown that the etiology is very complex, because of compli-
cated interactions among various environmental factors and a
large number of genetic alterations. Genetically, tumorigenesis
in CRC is considered to be a multi-step process, including acti-
vation of mutations in proto-oncogenes and loss of function of
gatekeeper tumor suppressor genes (2). Moreover, DNA repair
genes play a critical role in anti-tumorigenesis by maintaining
genome integrity (3). The base excision repair pathway is a
DNA repair pathway that removes mutations and repairs the
constitutional genome via a large amount of coordinated
sequential reactions, including detection and processing of
damaged nucleotides (4). The MUTYH gene (MIM 604933)
is a base excision repair gene that encodes glycosylase
involved in removal of adenine residues mispaired with 8-oxo-
7,8-dihydro-2'-deoxyguanosine (8-OHG), the oxidized form of
guanine residue (5,6).

In 2002, a British family with 3 siblings affected by
familial adenomatous polyposis without detectable germline
mutations in the APC gene was reported to harbor biallelic
germline mutations in the MUTYH gene with recessive inheri-
tance of multiple colorectal adenomas and cancer (7-9). This
novel entity was termed MUTYH-associated polyposis (MAP).
Furthermore, in colorectal tumors derived from M AP patients,
somatic G:C—T:A transversions have been frequently detected.
These phenomena are compatible with defective adenine exci-
sional repair function of the MUTYH gene product (7,10). The
risk of CRC in monoallelic and biallelic carriers of MUTYH
gene mutations was estimated to be increased by 1.68- and
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Table I. Clinicopathological characteristics of 101 sporadic
colorectal cancer cases.

Characteristics n (%)
Gender
Male 53 (52.5)
Female 48 (47.5)
Age at surgical treatment (years)
Range 34-92
Mean 67.3
Location
Right-sided colon 39 (38.6)
Cecum 9(8.9)
Ascending colon 21 (20.8)
Transverse colon 9(8.9)
Left-sided colon and rectum 62 (61.4)
Descending colon 2(2.0)
Sigmoid colon 13 (12.9)
Rectum 47 (46.5)
Histology
Tubular adenocarcinoma 88 (87.1)
Well-differentiated 31 (30.7)
Moderately differentiated 57 (56.4)
Poorly differentiated adenocarcinoma 7(6.9)
Mucinous adenocarcinoma 6(5.9)
TNM stage
I 16 (15.8)
11 38 (37.6)
III 34 (33.7)
v 13 (12.9)

93-fold, respectively, in a large population-based association
study (11).

We hypothesized that somatic alterations of the base
excision repair gene MUTYH might impair the integrity of
the tissue genome, leading to sporadic CRC. In this study, we
enrolled 101 cases of unselected sporadic CRC, and investi-
gated for mutations in and allelic loss at MUTYH. Furthermore,
we investigated KRAS mutations to evaluate the condition of
the base excision repair pathway.

Materials and methods

Patients and tissue samples. The subjects were 101 patients
with sporadic CRC who underwent surgery. Their clinicopath-
ological findings are listed in Table I. In this series, we excluded
all patients related to familial adenomatous polyposis (FAP)
or familial CRC accumulation, such as Lynch syndrome. This
study was approved by the Ethical Institutional Review Board
of Hyogo College of Medicine and written informed consent
was obtained from all subjects prior to enrollment. Following
surgical resection, tissue samples were obtained from both
cancerous and normal mucosa (~30 mg each), then genomic
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DNA was extracted using a QLIAamp DNA Mini kit (Qiagen,
Hilden, Germany).

MUTYH mutation search. We examined DNA sequencing in
the promoter region and exons 2, 7, 11, 12 and 13 containing
the intron/exon boundary sequences of the MUTYH gene
using PCR-DNA direct sequencing. The primers for these
analyses were designed based on the flanking intronic
sequences presented in published studies (NCBI Reference
Sequence: NG_008189.1). Table II shows the primer
sequences, corresponding codon numbers, predicted sizes of
the PCR fragments, and annealing temperature for PCR. We
prepared a standard reaction mixture with HotStarTaq Master
Mix kit (Qiagen) and 50 ng of genomic DNA. DNA samples
were amplified using a GeneAmp PCR System 9700 (Applied
Biosystems, Foster City, CA, USA) with the following cycling
parameters: 10 min at 95°C, followed by 35 cycles at 94°C for
30 sec, the appropriate annealing temperature for 30 sec, and
72°C for 30 sec. Extension at 72°C during the last cycle was
prolonged to 7 min. The PCR products were purified using
1.5% low-melting temperature agarose gel electrophoresis
(12), then subjected to a DNA sequencing reaction with a
BigDye Terminator Cycle Sequencing Ready Reaction kit
(Applied Biosystems). For analysis, a Genetic Analyzer 3130
DNA sequencing system (Applied Biosystems) was used.

Assessment of loss of heterozygosity (LOH) in MUTYH gene
locus. To evaluate allelic loss in MUTYH gene loci, we utilized
a loss of heterozygosity (LOH) method with 3 kinds of single
nucleotide polymorphisms (SNPs), e.g., rs80323611 in the
promoter region, the rs77542170 of IVS10 +2 A-G, and the
1rs3219489 of ¢.972G—~C p.GIn324His in exon 12. These SNPs
were preliminarily selected on the basis of diversity from 263
kinds of SNPs of the MUTYH gene revealed by investigating
79 disease-free controls in a Japanese population (unpublished
data). First, heterozygotes, who were used as informative cases
for this LOH study, were selected based on DNA samples from
101 normal mucosal tissues at each SNP using an PCR-RFLP
method with appropriate restriction enzymes, such as Sacl,
Aval, and Btsl, for each polymorphism site (Table II). Two
kinds of alleles were determined by electrophoresis on 2%
agarose gels. Next, DNA samples obtained from cancer tissues
of heterozygotes were analyzed using the same method as for
normal tissues. The intensity of each allele was converted
into a value for area using ImagelJ (version 1.46d, NIH), then
the ratio of 2 kinds of allele for each case was determined.
The ratio between the intensity of the alleles from cancer
tissue DNA was compared with that of corresponding normal
mucosal tissue. The amount of change in allele intensity was
calculated with the following formula:

(Intensity allele 1.,,.,)/(Intensity allele 2.,,...)

(IHtCl'lSity allele lnorma] lissuc)/(IntenSity allele 2nmma] lissuc)

If a denominator was assigned to one stable allele that
showed no intensity changes in both normal and cancer tissue
samples, the amount of allelic loss of the other allele in the
cancer tissue was estimated. When a score was <0.6 (40%
reduction in intensity of 1 allele from cancer), the case was
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Table II. PCR analysis conditions.
Predicted
Annealing fragment PCR-RFLP
Region SNP Primer sequences temperature ("C) size (bp) assay
MUTYH
Promoter rs80323611 5'-AAGGCCTCAAAATTTGGCCT-3' 60 525 Sacl digest
5-TCATGGCCAATGAGCCTTG-3'
Exon 2 5'-TGGAGGTGAGAGCCACCCTA-3' 60 221 -
5-GATTATAAGACACCCAAGACTCCTGG-3'
Exon 7 5-TGGAGGTGAGAGCCACCCTA-3' 60 213 -
5-GATTATAAGACACCCAAGACTCCTGG-3'
IVS10 1s77542170 5'-CTGCCCTATGACACTCAACCC-3' 60 176 Aval digest
and exon 11 5'-TCAGGTTAGAGGAAGAACTGGAATG-3'
Exon 12 1s3219489  5'-CCTAAAGCCCTCTTGGCTTGA-3' 60 279 Bisl digest
5-TGTTACTCATGCCACTGCCCT-3'
Exon 13 5-ACCCCTGCCTGGCTGC-3' 60 231 -
5-GTTCAAATAGGCCTGTGGATATAGC-3'
KRAS
Exon 2 5-ACTGAATATAAACTTGTGGTAGTTGGCCCT-3' 55 120

5-AACAAGATTTACCTCTATTGTTGGATCA-3'
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Figure 1. Representative images from LOH analysis of rs3219489. PCR assays were performed for all CRC samples. PCR products were observed as DNA frag-
ments of 279 bp and digested using BtsI. Reaction solutions were applied to 2% agarose gel electrophoresis, then 3 kinds of patterns were observed according
to the combination of signals among 279, 217 and 62 bp. We selected 51 samples with a heterozygous pattern (informative sample). Using the informative
samples, genomic DNA derived from both normal mucosal and cancer tissues were analyzed in a pairwise manner. The intensities of the C-allele with 279 bp
and the G-allele with 217 bp were scanned and measured as values for the areas using ImageJ (version 1.4.6d). Using a stable allele from both normal and
cancer tissues, the intensity of the other side allele from cancer tissue was estimated using a calculation formula (right-sided). Lane M, DNA size marker;
$X174-Haelll digested; N, derived from normal mucosal tissue; C, derived from cancer tissue; (1), intensity of C-allele from normal tissue; (2), intensity of
G-allele from normal tissue; (3), intensity of C-allele from cancer tissue; and (4), intensity of G-allele from cancer tissue

judged as LOH positive (existence of allelic loss) according to
Jernvall's model (13). Fig. 1 shows 3 representative patterns; a
case without either allelic loss (sample A), a case with a reduc-
tion (loss) of the G-allele (sample B), and a case with reduction
(loss) of the C-allele (sample C).

KRAS mutation search. To evaluate the state of the base
excision repair pathway, whose function might change by

alterations of MUTYH, a KRAS mutation search for codon
12 and 13 in exon 2 was performed using a PCR-DNA
sequencing method with appropriate primers (Table II).

Statistical analysis. Associations between various biological
conditions and clinicopathological factors were compared
using a y” test, with P-values of <0.05 considered to be statisti-
cally significant.
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Table II1. Mutations of the MUTYH gene in CRC.

Mutation of MUTYH

Mutation Location

LOH at 3
kinds of SNPs

Other clinical features

Histology TNM stage

of CRC

of KRAS

Age at onset  Gender Allele 1 Allele 2

Sample no.

No multiple colorectal tumors

Tubular adenocarcinoma,

c.74G-A Not informative ~ None Rectum

Male  ¢.53C-T

62

27

moderately differentiated type

p.Gly25Asp

p.Prol8Leu
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(CMO083730)

(CMO083727)

c.55C>T
p.Arg19X

Two adenomas found: 1 in

I

Mucinous adenocarcinoma

Ascending

c.35G-A

None

None

Male

72

50

transverse colon, 1 in rectum

colon

p.Gly12Asp

(not

registered)
¢.53C-T

No multiple colorectal tumors,

v

None Ascending  Poorly differentiated

None

c.74G-A

Male

81

61

invasion to liver

adenocarcinoma

colon

p-Gly25Asp

p-Prol8Leu

(CMO083730)

(CMO083727)

Descriptions in parentheses show accession number of the mutation in the Human Gene Mutation Database (HGMD).

Results

As aresult of sequencing analyses of 6 regions of the MUTYH
gene in 101 sporadic CRC cases, we detected 3 kinds of muta-
tions, including 2 missense mutations and 1 nonsense mutation
(Table III). The missense mutations, ¢.53C-T p.Prol8Leu
and c.74G-A p.Gly25Asp, were previously registered in the
Human Gene Mutation Database (HGMD) as accession nos.#
CMO083727 and CMO083730, respectively. On the contrary, no
new deleterious mutations were detected, except for SNPs
already registered in the dbSNP of the National Center for
Biotechnology Information (NCBI). The non-sense mutation,
¢.55C-T p.Argl9X, has not yet been registered in HGMD
with regard to germline or mutations. Therefore, this variant
is considered to be an unreported novel mutation. These were
identified germline mutations and not acquired events, because
that same mutations were also found in DNA samples from
normal mucosal tissues. Two patients who had dual missense
mutations (compound heterozygous) were found to be not
affected by colorectal polyposis even after additional detailed
history taking. In addition, 2 common mutations of MUTYH
in Caucasians described previously, c.494A-G p.Tyrl65Cys in
exon 7 and c.1145G—-A p.Gly382Asp in exon 13 (7,8), were not
detected in this study.

By detection of heterozygotes using 3 SNPs, rs80323611
in the promoter region, rs77542170 at the IVS10 accepter
site +2, and rs3219489 at the third letter of codon 324, we
found 8, 7, and 51, respectively, informative samples for an
LOH study (Table IVA). Using these informative cases, an
LOH study was carried out, however, no significant changes
of allelic intensity in the 2 former groups were found in any
samples and they were evaluated to be absent from allelic loss
(LOH-negative) (Table IVA). On the other hand, 10 (19.6%)
of 51 CRC samples derived from heterozygotes at rs3219489
clearly had allelic loss (Table IVA; Fig. 2). In a comparison
between 10 CRC cases with allelic loss and 41 without
allelic loss at the site, we found that the state of allelic loss
of MUTYH was not correlated with gender ratio, mean age
at onset, or stage of cancer progression, such as involvement
of lymph nodes or distant organs. However, with regard to
location of the CRC occurrence, all cases with allelic loss
emerged in the left-sided colon and rectum, in contrast to
18 (43.9%) of 41 without allelic loss CRC, which developed
in the right-sided colon (Table TVB). In addition, a %> test
confirmed that the 2 groups of CRC cases distinguished by
biological features had a significant difference regarding
the MUTYH gene (P=0.025, Yates correction). In terms of
histopathological findings, all CRC cases with allelic loss
had characteristic tubular formation and showed a tendency
to be different from allelic stable cases, though it was not
significant.

KRAS mutations were detected in 33 of 101 (32.7%) CRC
samples (Table V). These contained 5 kinds of missense
mutation, which were distributed as follows: 3 (3.0%) of
¢.34G-T p.Glyl2Cys, 10 (9.9%) of ¢.35G—A p.Glyl2Asp,
13 (12.9%) of ¢.35G-T p.Glyl2Val, 2 (2.0%) of ¢.35G~C
p.Glyl2Ala, and 5 of c.38G—A p.Glyl3Asp. A Glyl2Asp
mutation, one of the G:C-T:A transversions in KRAS, was
found in 1 of the 3 (33.3%) CRC cases with biallelic or
monoallelic germline mutations in the MUTYH gene. In the
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Table IV. LOH analysis of the MUTYH locus and comparison of CRC cases with or without allelic loss at rs3219489.

A, Characteristics of informative cases in the LOH analysis of the MUTYH locus

rs8023611

Polymorphic loci promoter-64G-A (%)

177542170
IVS10 as-2A-G (%)

rs3219489
¢.972G-C p.GIn324His (%)

Informative case (heterozygote) 8
Allelic loss (LOH positive) 0(0.0)

7 51
0(0.0) 10 (19.6)

B, Comparison of characteristics of CRC and allelic loss of MUTYH

183219489 ¢ .972G-C p.GIn324His

Characteristics (LOH) Positive (%) (LOH) Negative (%)
No. of cases 10 41
Male/Female 5/5 20/21
Mean age (years old) 66.4 675
Location
Right-sided colon 0 (0.0 18 (43.9)*
Cecum 0(0.0) 6 (14.6)
Ascending colon 0(0.0) 6 (14.6)
Transverse colon 0(0.0) 6 (14.6)
Left-sided colon and rectum 10 (100)* 23 (56.1)*
Descending colon 0(0.0) 1(24)
Sigmoid colon 1 (10.0) 7(7.1)
Rectum 9(90.0) 15 (36.6)
Histology
Tubular adenocarcinoma 10 (100) 36 (87.8)
Well-differentiated 4 (40.0) 16 (39.0)
Moderately differentiated 6 (60.0) 20 (48.8)
Poorly differentiated adenocarcinoma 0(0.0) 4(9.8)
Mucinous adenocarcinoma 0(0.0) 1(24)
TNM stage
I 2(20.0) 7(17.1)
II 2 (20.0) 13 (31.7)
III 6 (60.0) 15 (36.6)
v 0(0.0) 6 (14.6)
KRAS mutations 2(20.0) 17 (41.5)

“The groups of CRC cases with or without allelic loss distinguished by biological features had a significant difference regarding the MUTYH

gene (p=0.025, Yates correction).

51 informative cases used in the LOH study, KRAS muta-
tions at rs3219489 were detected in 19 (37.3%). Furthermore,
KRAS mutations were found in 2 (20.0%) of 10 CRC cases
with allelic loss (Tables IVB and V). Both ¢.34G-T p.Glyl2
and c¢.35G-T p.Glyl2Val, shown as underlined letters in
Table V, were predicted to be associated with a defect of
base excision repair function represented by G:C-T:A
transversion of KRAS and found in 16 (15.8%) of all cases.
Moreover, G:C-T:A transversions of KRAS were detected in

10 of 51 (19.6%) CRC cases in which the LOH condition was
evaluated with regard to the allelic condition at the MUTYH
locus. Furthermore, G:C-T:A transversion of KRAS was
detected in only 1 (10.0%) of 10 cases with allelic loss,
whereas it was seen in 9 (22.0%) of 41 CRC cases without
allelic loss. In addition, in regard to the quantitative imbal-
ance between both alleles at rs3219489, all mutations and
G:C-T:A transversions in KRAS were detected in 11 (37.9%)
and 4 (13.8%), respectively, of 29 cases with a G-allele
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Table V. KRAS mutations in CRC.

Codon12 (GGT) Codon 13 (GGC)
TGT GAT GTT GCT GAC
(Cys) (Asp) (Val) (Ala) (Asp) Total
All CRC cases (n=101) 3(3.0) 1009.9) 13(129) 2.0) 5(05.0) 33 (32.7)
CRC with MUTYH mutation (n=3) 0.0 1(333) 0(0.0) 0(0.0) 0(0.0) 1(33.3)
Informative CRC cases at rs3219489 (n=51) 120) 5.8 9(17.6) 1(2.0) 3(5.9) 19 (37.3)
CRC with allelic loss at MUTYH locus (n=10) 0.0 1(10.0) 1(100) 0(0.0) 0(0.0) 2 (20.0)
CRC without allelic loss at MUTYH locus (n=41) 124) 4(9.8) 8(19.5) 14 3(7.3) 17 (41.5)

Underlined letters correspond to G:C-T:A transversions.

Table VI. Correlation of allelic imbalance with G:C-T:A transversions in 51 informative cases.

Allele imbalance at 13219489

G-allele dominant condition C-allele dominant condition
(relative reduction of C-allele) (relative reduction of G-allele)
(n=29) (%) (n=22) (%)
CRC with KRAS mutation 11 (37.9) 8(364)
CRC with G:C-T:A transversion in KRAS 4 (13.8) 6(27.3)
Ratio of CRC cases with G:C—T:A transversions 364 750

and those with KRAS mutations

G-allele, major variant and corresponding to Gln; C-allele, minor variant corresponding to His.

Allelicloss
(LOH)
100 ¢ \ / .
- ¢ oY e T e et T
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Figure 2. Distribution of LOH scores among 51 informative cases at rs3219489. The horizontal axis displays case number and the vertical axis LOH score.
The LOH score of each case is plotted. When a score was <0.6 (40% reduction in intensity of 1 allele from cancer), the case was judged as allelic loss (LOH

positive). The right side shows an integration of all plots.

dominant condition (Table VI). On the other hand, those
were detected in 8 (36.4%) and 6 (27.3%), respectively, of
22 cases with a C-allele dominant condition. Thus, the ratio
of cases with G:C—T:A transversions among all cases with

KRAS mutations was calculated to be 36.4% in a G-allele
dominant condition and 75.0% in a C-allele dominant condi-
tion. However, there was no significant difference between
the allele dominant conditions.
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Discussion

To the best of our knowledge, this is the first extensive analysis
of alterations of the MUTYH gene in sporadic CRC in an Asian
population. Using DNA sequencing analyses of the MUTYH
gene, 3 kinds of deleterious mutations, ¢.35C-T p.Prol8Leu,
¢.55C-T p.Argl9X, and c¢.74G-A p.Gly25Asp, were detected
in 3 (3.0%) of 101 CRC cases. All patients developed CRC at
the age of 70 years or older, and had neither familial aggrega-
tion of CRC nor multiple colorectal polyps. However, these
mutations detected in cancer DNA were also found in normal
mucosal DNA of the same patient. Therefore, no somatic
alteration in the MUTYH gene was observed.

Our results are the same as those of a previous study, which
found no somatic MUTYH mutations in CRC cases (14). In
this respect, somatic alterations of various repair genes, such
as MLHI, MSH2 and BRCA2, as well as others are considered
to be rare events (15,16). Sieber er al (8) found monoallelic
germline mutations of the MUTYH gene in 6 (3.1%) of 130
patients with multiple colorectal adenomas. Those 6 patients
had characteristic features of developing only a few adenomas
(mean of 4). Two missense mutations, ¢.35C-T p.Prol8Leu
and ¢.74G-A p.Gly25Asp, were previously reported to be
germline mutations based on an analysis of Japanese patients
with adenomatous polyposis (17). In our study, 2 patients were
confirmed to have the same compound heterozygous condi-
tion of MUTYH. However, they lacked characteristic features
of MAP, such as multiple colorectal tumors, young onset of
disease, and familial aggregation, and other distinctive clinical
pathological features. These findings suggest that the pheno-
types are rather diverse, even if the same mutated genotype
of MUTYH exists. This notion is supported by Farrington's
study, which showed that 36% of biallelic carriers of MUTYH
mutations had no polyps (11). On the other hand, the present
nonsense mutation, ¢.55C-T p.Argl9X, has not been regis-
tered in HGMD or dbSNP of NCBI. Therefore, it is considered
to be a novel mutation.

The MUTYH gene has been mapped to the short arm of
chromosome 1, 1p34.3-p32.1 (5). Several cytogenetic and
molecular genetic investigations of colorectal tumors including
adenoma and cancer have shown that allelic loss of the short
arm of chromosome 1 is genetically common, though its
frequency varies from 12-84% (8,18-21). In the present study,
allelic loss at the MUTYH locus was found in 10 (19.6%) of
the 51 informative cases, which is comparable to the previous
data (Table IVA). A possible explanation is that we used few
markers, which were strictly localized within 1 gene of interest,
unlike others who studied a large number of genetic markers
arranged widely in the 1p region. Therefore, with regard to the
significance of allelic loss of the MUTYH locus, the present
findings are considered to be more meaningful. Sieber et al
(8) suggested that absence of the MUTYH gene may be not
essential for colorectal tumorigenesis, because of the relatively
low frequency of LOH of MUTYH in colorectal adenoma
cases (12.0%). However, allelic loss in the 1p region including
the MUTYH locus has been frequently observed in colorectal
adenomas and cancer in a number of studies, suggesting its
role in both, as well as late colorectal carcinogenesis (19-22).

There was also a significant association between state of
allelic loss and the location of CRC occurrence (Table IVB).
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Ten CRC cases with allelic loss showed occurrence in the
left-sided colon and rectum. In contrast, a previous report
indicated that MAP, which is caused by deleterious germ-
line mutations of the MUTYH gene, has a characteristic of
predominantly right-sided CRC with similarities to microsat-
ellite unstable carcinomas, such as Lynch syndrome (23). An
attractive hypothesis states that differences between germline
mutations and somatic alterations in the same gene will lead
to different phenotypes, though there is no direct supporting
evidence at present. Our results are thought to be provoking
and interesting in terms of a possible association between the
genetic condition of MUTYH and carcinogenesis in the colon
and rectum.

G:C—T:A transversion is considered to be a specific target
for MUTYH. Therefore, our findings regarding the spectrum
of KRAS mutations in this series, especially in correlation with
alterations of the MUTYH gene, are interesting. The overall
detection rate of KRAS mutation was 32.7% (33/101) and the
distribution of mutant types was similar to previous reports
(Table V) (24,25). Of 3 CRC cases among germline mutation
carriers of MUTYH, the presence of G:C—T:A somatic muta-
tions (c.34G-T p.Glyl2Cys, ¢.35G-T p.Glyl2Val) in KRAS
was confirmed in only 1 (33.3%), which was not significantly
different from the outcome of all target samples. G:C—T:A
somatic transversion was detected in only 1 (10.0%) of 10
CRC cases with allelic loss. In contrast, 9 (22.0%) of 41 cases
without allelic loss had G:C—T:A somatic mutations. On the
other hand, in the 51 samples subjected to LOH analysis,
G:C—oT:A somatic mutations were more frequently found as
compared to all of the samples. However, there was no statis-
tically significant difference between CRC cases with and
without allelic loss.

Inevitably, the 51 cases in the LOH analysis were evenly
heterozygous at rs3219489, thus they are considered to be
a kind of monoallelic variant, which causes substitution
of glutamine (GIn) for histidine (His) at the 324 residue of
the MUTYH protein. As for C-allele encoding histidine in
this SNP site, some interesting reports have been presented.
Ali et al indicated that the SNP (GIn324His) of MUTYH
was partially impaired in regard to adenine removal (27).
Furthermore, in an association study conducted in Japan,
Tao et al showed that the T-G-A-C haplotype, which consists
of IVS1+11C-T(rs2275602), IVS64+35G-A(rs112763487),
IVS10-2A-G (rs77542170), and 972G-C (rs3219489)
sequentially, was significantly associated with an increased
risk of distal colon cancer (26). Therefore, cases with the
heterozygous genotype including the C-allele at rs3219489
might be partially related to inactive base excision repair
function and occur in a mutable predisposition. This specu-
lation is strongly supported by a previous findings showing
that the presence of G:C—T:A transversions in KRAS or APC
was significantly more common in tumors with monoallelic
MUTYH variants than in those with the wild-type genotype
(28). Interestingly, we found that G:C—T:A transversions
occurred more frequently in CRCs with a C-allele domi-
nant condition corresponding to His than in those with
G-allele dominance corresponding to Gln (Table VI). Thus,
these results indicate that quantitative allelic imbalance of
the MUTYH gene may influence the function of adenine
glycosylase. It will be necessary to clarify these interesting
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phenomena using functional analysis, such as the previous
method advocated by Goto et al (29).

In the future, it is important to clarify the role of monoallelic
variants in relation to mutable potential via either a complete
or at least partial defect of base excision repair function using
other genetic markers. Furthermore, it would be interesting
to investigate possible germline mutations of regions not
analyzed in this study as well as epigenetic changes of the
promoter region of MUTYH in terms of possible contributions
to carcinogenesis in sporadic CRC cases.
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