Cdx2 positive cases (7/52, 13%) were found in 52 gastric
cancer cases, and all of them were intestinal-type gastric
carcinoma. Six of the seven cases (86%) expressed CDH17
simultaneously, and five of these six cases were stage |
{(data not shown).

Biscussion

In the present study, we examined the expression of CDH17
in human gastric carcinoma and compared it with clinico-
pathological pararneters, prognosis and Cdx2 expression. The
expression of CDH17 protein was detected in 67% of gastric
carcinomas that were correlated with depth of tumor invasion,
tumor stage and amount of stromal tissue, It was recently
reported that CDH17 mRNA expression is an independent
factor associated with lymph node metastasis [8, 9]. Fur-
thermore, our study demonstrated an association between
CDHI17 expression and poor prognosis. Although CDH17
was not an independent prognostic factor by multivariate
analysis, CDH17 expression may be associated with aggres-
siveness of gastric carcinoma and can be a good marker for
high-grade malignancy. On the other hand, in pancreas
carcinoma, the survival prognosis was significantly poorer in
CDHI17 negative tumors compared with CDHI17 positive
tumors, and CDHI17 might participate in the early stage
through interaction with galectin-3 [17]. CDH17 may have a
distinct organ-specific distribution and the role of CDH17
may be different through distinct intracellular interacting
molecules.

Dysregulation of the classical cadherin—catenin adhesion
network has been implicated in the progression of gastro-
intestinal tract cancer [3]. CDH17 is structurally distinct
from its E-cadherin counterpart, and there is no direct
association with the p-catenin network [10]. According to
a previous report, tumor aggressiveness is associated with
changes in cadherin expression. For example, P-cadherin,
one of the classical cadherins, is highly expressed in well-
differentiated adenccarcinoma, and its expression decreased
in the advanced stage [19]. E-cadherin expression is also
down-regulated in advanced gastric carcinoma cases [12].
LI cadherin is capable of mediating Ca**-dependent homo-
philic cell-cell adhesion independent of interactions with
the cytoskeleton, indicating that the adhesive function of
CDH17 may be complementary to that of E-cadherin. At
present, while the role of CDH17 in tamor progression re-
mains unknown, overexpression of CDH17 might be com-
plementary to the co-expressed classical cadherins that are
down-regulated in advanced gastric carcinoma.

Cdx2 is one of the transcription factors regulating
CDH17 gene expression in normal, metaplastic and neo-
plastic tissues of the gastrointestinal tract via binding to
elements in the 5'-flanking region of the gene [6]. In gastric
carcinoma, Cdx2 gene is known to be methylated [21], and
therefore epigenetic alteration of CDH17 may be one of the
important steps in gastric carcinogenesis. In our study,
most of the gastric carcinomas with simuftaneous expres-
sion of Cdx2 and CDHI17 were in the early stage (stage I).
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All the seven Cdx2 positive cases showed intestinal phe-
notype and CDH17 positive expression. Moreover, six of
seven cases were early stage. Mizoshita et al. [13] ex-
amined Cdx2 protein expression with T1 (intramucosal and
submucosal invasion) gastric carcinoma cases and the data
suggest that Cdx2 is expressed in the very early stage of
gastric carcinogenesis in association with the shift from
gastric to intestinal phenotypic expression. Because our
samples were constructed from all stages of gastric carci-
nomas, the number of Cdx2 positive cases is lower in our
study. Alternatively, CDH17 may regulate not only Cdx2
but also other transcriptional factors.

Our results suggest that CDH17 may participate not only in
stomach carcinogenesis, but also in tumor progression which
is associated with poor prognosis. CDH17 and Cdx2 may
serve as molecular targets for gastric carcinoma treatment.
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Gastric carcinomas (GC) are classified into four phenotypes
according to mucin expression. Previous studies revealed the
assodciation of distinct genetic profiles in GC with mucin
phenotypic expression; however, the roles of epigenetic changes,
such as DNA methylation, are poorly understood. We examined
whether the phenotypic expression of GC was associated with
DNA methylation of AMLHT, MGMT, p16™W%, RAR-beta or CDH1.
Expression of HGM, M-GGMC-1, MUC2, and CD10 was analyzed
immunohistochemically in 33 advanced GC with differentiated
histology. HGM was expressed in 14 (42.4%) cases, M-GGMC-1 in
five (15.2%) cases, MUC2 in 15 (45.5%) cases and CD10 in 18
(54.5%) cases. BNA methylation was detected in five (15.2%)
cases for hIMLH1, 11 {33.3%) cases for MGMT, 13 {39.4%) cases
for p16™54, 17 (51.5%) cases for RAR-beta and 14 (42.4%) cases
for CDH1 by bisulfite-polymerase chain reaction and methylation-
specific polymerase chain reaction. DNA methylation of AMLHT
occurred more frequently in MUC2-negative GC than in MUC2-
positive GC (P = 0.0488, Fisher's exact test). in contrast, MGMT
was more frequently methylated in MUC2-positive GC than in
MUC2-negative GC (P = 0.0078, Fisher's exact test). There was no
correlation between gastric or intestinal-markers and methylation
of the p16™%%, RAR-beta and CDHT genes. These results indicate
that DNA methylation of specific genes, such as AMLHT and
MGMT, may be involved partly in the distinet phenotypic
expression of GC. (Cancer Sci 2005; 96; 474-479}

Gastric carcinoma (GC) is one of the most common
malignancies worldwide, GC are often classified
histologically into two major types: the differentiated and
undifferentiated types described by Nakamura er al." or the
Lauren intestinal and diffuse types™ based on glandular
structure. Various genetic and epigenetic alterations are
associated with GC; some are found in both the intestinal and
diffuse types, whereas others are type specific.®® It was
previously reported that GC can be subdivided according to
mucin expression into four phenotypes:®-" (i) gastric or
foveolar phenotype (G type); (ii) intestinal phenotype (I type);
(ifi) intestinal and gastric mixed phenotype (GI type); and
{iv) neither gastric nor intestinal phenotype (N type}. Despite
the usefulness of the Lauren classification, there are several
variations of the intestinal-type GC described by Lauren, To
better understand the development of GC at the molecular
level, it is important to anaiyze molecular alterations in
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intestinal-type GC according to the mucin phenotype. Distinct
genetic changes appear to be associated with I type and G type
GC. p53 mutations and allelic deletions of the adenomatous
polyposis coli (APC) gene are detected more frequently in I
type GC than in G type GC,#') whereas microsatellite instability
(MSI) is detected more frequently in G type GC than in 1 type
GC.0%) We reported previously that alterations of p73,
including loss of heterozygosity and abnormal expression,
play important roles in the genesis of G type GC.0®

Several lines of evidence suggest that changes in DNA
methylation pattems, such as hypermethylation of CpG islands,
are common changes in human cancers.™ Hypermethyiation
of CpG islands in promoters is associated with silencing of
some tumnor-related genes.!'5-'" We previously reported DNA
methylation of the IMLH1'® MGMT,!' pl6W% RAR-beta
and CDHI% genes. In contrast to the many studies of genetic
alterations in G type and I type GC, epigenetic alterations in
G type and I type GC are poorly understood. Associations
between genetic and epigenetic alterations have been reported.
DNA methylation of hMLH! is associated with MSI,?2 and
DNA methylation of MGMT is associated with G to A mutations
in the K-ras® and p53®" genes. Because MSI occurs fre-
quently in G type GC, it is possible that DNA methylation of
hMLHI may occur frequently in G type GC. In fact, it has
been reported that DNA hypermethylation of AMLH] occurs
frequently in G type GC.®¥ Because p353 mutations are detected
frequently in I type GC, it is possible that DNA methylation
of MGMT occurs in I type GC. However, the association
between DNA methylation and the mucin phenotypic expres-
sion of GC has been investigated only for AMLHI.

In the present study, we investigated the association
between expression of gastric-type and intestinal-type mark-
ers and DNA methylation status of AMLHI, MGMT, p16™%,
RAR-beta and CDHI in differentiated-type GC.

Materials and Methods

Tissue samples
Thirty-three samples of differentiated-type GC from 33
patients were examined. All GC samples were not early GC
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but advanced GC, that had invaded beyond the muscularis
propria.®® Samples were obtained at time of surgery at
Hiroshima University Hospital (Hiroshima, Japan) and
affiliated hospitals. Tissue samples for molecular analyses were
frozen immediately in liquid nitrogen and stored at —80°C
until vse. We confirmed microscopically that the tumor
specimens consisted mainly of carcinoma tissue (> 50%). For
immunohistochemical staining, tissues were fixed in 10%
buffered-formalin and embedded in paraffin, Tumor staging
was carried out according to the tumor-node-metastasis stage
grouping.®” Because written informed consent was not obtained,
for strict privacy protection, all samples were dis-identified
before analyzing DNA methylation status. This procedure is
in accordance with the Ethical Guidelines for Human Genome/
Gene Research enacted by the Japanese Government.

Phenotypic analysis of gastric carcinomas

Tissue sections (4 um thick) were prepared from paraffin
blocks, and representative sections were immunostained for
human gastric mucin (HGM), M-GGMC-1, MUC2 and
CDI10. Immunostaining was by the immunoperoxidase
technique with a Histofine Simple Stain Kit (Nichirei
Biosciences, Tokyo, Japan). Deparaffinized tissue sections
were immersed in methanol containing 3% hydrogen
peroxide for 15 min to block endogenous peroxidase activity.
Microwave pretreatment in citrate buffer was carried out for
15~30 min to retrieve the antigenicity. The sections were
then incubated with antibodies against gastric-type markers
HGM (NCL-HGM-45M1; Novocastra, Newcastle, UK; dilution
1:50) and M-GGMC-1 (HIK1083; Kanto Kagaku, Tokyo,
Japan; dilution 1:50), and intestinal-type markers MUC2
(Ccp58; Santa Cruz Biotechnology, Santa Cruz, CA, USA;
dilution 1:200) and CD10 (NCL-CD10-270; Novocastra;
dilution 1:50), for 1.5 h at 37°C followed by incubation with
the secondary antibody for 30 min. The immunocomplexes
were visualized with 3,3'-diaminobenzidine. Sections were
then counterstained with hematoxylin, GC were classified as
G type, I type, GI type or N type. G type comprised those
samples in which > 30% of the tumor cells were positive for
gastric-type markers and showed little staining with
intestinal-type markers. I type comprised those specimens in
which > 30% of the tumor cells were positive for MUCZ or
in which > 5% of the tumor cells were positive for CD10 and
showed little staining with gastric-type markers. GC that
showed positive staining for both gastric-type and intestinal-
type markers were classified as GI type, and those that
showed no staining with those markers were classified as
N type.

Genomic DNA extraction and methylation analysis

To examine DNA methylation patterns in the 5° CpG islands
of the AMLHI, MGMT, pl6"%% RAR-beta and CDH1 genes,
we  exfracted genomic DNA with a genomic DNA
purification kit (Promega, Madison, WI, USA) and treated
the genomic DNA with sodium bisulfite, as described
previously.® In brief, 2 g of genomic DNA was denatured
by treatment with NaOH and modified with 3 M sodium
bisulfite for 16 h. DNA samples were purified with Wizard
DNA purtfication resin (Promega), treated with NaOH,
precipitated with ethanol and resuspended in 25 pl. water,

Motoshita et al.

Aliquots (2 1) were used as templates for methylation-specific
polymerase chain reaction (MSP) amplification of the
MGMT, pl6™ RAR-beta and CDHI genes. MSP primers
for MGMT, pl6™&e RAR-beta and CDHI were described
previously.®*-3® For analysis of DNA methylation of AMLH],
we carried out bisulfite-polymerase chain reaction (PCR)
followed by restriction digestion as described previously.®"
Primers and PCR conditions used for amplifying specific
DNA fragments of various target genes are listed in Table 1.
PCR products (15 ug) were loaded onto 8% non-denaturing
polyacrylamide gels, stained with ethidium bromide and
visualized under UV light. According to the comesponding
literature, CpG island hypermethylation in the regions
examined revealed good correlation with epigenetic silencing
of the respective target genes,1-39)

Statistical methods
Fisher’s exact test was used for statistical analysis. P-values
less than 0.05 were regarded as statistically significant.

Results

Association between gastric-type and intestinai-type
markers and DNA methylation

We cammied out immunohistochemical analysis of 33
advanced differentiated-type GC (Fig. 1). Of the 33 GC,
expression of gastric and intestinal markers was detected in
14 (42.4%) cases for HGM, five (15.2%) cases for M-
GGMC-1, 15 (45.5%) cases for MUC2 and 18 (54.5%) cases
for CD10. Next, DNA methylation status was investigated.
Representative data for bisulfite-PCR followed by restriction
digestion of the AMLHI gene and MSP of the MGMT,
pl6™&e RAR-beta and CDHI genes are shown in Fig. 2. Of
the 33 GC, DNA hypermethylation was detected in five
(15.2%}) cases for AMLHI, 11 (33.3%) cases for MGMT, 13
(39.4%) cases for pl6™2 17 (51.5%) cases for RAR-beta
and 14 (42.4%) cases for CDHI. Although recent evidence
suggests that methylation of certain genes such as AMLHI
and CDHI is associated with aging,®%" there was no
correlation between age and DNA methylation of a specific
gene (Table 2). We compared DNA methylation status with
each marker (Tables 3—6). DNA methylation of AMLHI was
detected more frequently in MUC2-negative GC (5/18,
27.8%) than in MUC2-positive GC (0/15, 0.0%, P = 0.0488,
Fisher’s exact test). In contrast, DNA methylation of
MGMT was detected more frequently in MUC2-positive GC
(9/15, 60.0%) than in MUC2-negative GC (2/18, 11.1%,
P =0.0078, Fisher’s exact test) (Table 5). There was no
correlation between gastric and intestinal markers and
methylation of the p/6™%* RAR-beta and CDHI genes.

Phenotypic expression of gastric carcinomas

On the basis of the combinations of expression of these four
mucin markers, the 33 GC were classified phenotypically as
five (15.2%) G type, 14 (42.4%) I type, 9 (27.2%) GI type
and five (15.2%) N type. There was no apparent correlation
between mucin phenotypic expression and clinicopatho-
logical findings {data not shown). No apparent association
was observed between DNA methylation of a specific gene
and phenotypic expression of GC (data not shown).

CancerSci | August2005 | vol.96 | no.8 | 475
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Table 1. Primer sequences for DNA methylation analysis

Primer sequence Primer sequence Annealing temperature
hMLHT
F: 5-TAGTAGTYGTTTTAGGGAGGGA -3 55°C
R: 5-TCTAAATACTCAACRAAAATACCTT-3"
MGMT (unmethylated)
F: 5-TTTGTGTTTTGATGTTTGTAGGTITTTGT-3 59°C
R: 5-AACTCCACACTCTTCCAAAAACAAAACA-3
MGMT (methylated)

F: 8-TTTCGACGTTCGTAGGTTTTCGC-3' 59°C
R: 5-GCACTCTTCCGAAAACGAAACG-3

p16™ (unmethylated)
F: B-TTATTAGAGGGTGGGGTGGATTGT-3" 60°C

R 5-CCACCTAAATCAACCTCCAACCA-Y
p16%%% (mathylated)

-n

1 B-TTATTAGAGGGTGGGGECEGEATCGEC-2 65°C

R: 5'-CCACCTAAATCGACCTCCGACCG-3'
RAR-beta (unmethylated)

-n

: B-TTAGTAGTTTGGGTAGGGTTTATT -3 55°C

R: 5-CCAAATCCTACCCCAACA-3'
RAR-beta (methylated)

m

: B-GGTTAGTAGTICGGGTAGGGTTTATC-3 64°C
R: 5-CCGAATCCTACCLCGACG-3'

CDH1T (unmethylated)
F: B-TAATTTTAGGTTAGAGGGTTATTGT-3' 53°C
R: 5-CACAACCAATCAACAACACA-Z

CDR1 (methylated)
F: 5-TTAGGTTAGAGGGTTATCGCGT-3' 57°C
R: 5-TAACTAAAAATTCACCTACCGAC-S'

Fig. 1. G type {case 3: a, b, ¢) and | type (case 10: d, e, f) gastric carcinomas. {a,d) Hematoxylin and eosin staining. {b) MUCSAC and {c}
M-GGMC-1 were detected in the cytoplasm of cancer cells. (&) CD10 was expressed on the luminal surfaces of cancer cells. (f) MUC2 is
positive in the cytoplasm of cancer cells. {(Original magnification, x100).

a76 © Japanese Cancer Asscciation  doi: 10.1111/).1349-7006.2005.00074.x
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Table 4. Association between M-GGMC-1 expression and DNA
methylation status

Methylation M-GGMC-1 expression
Gene P-value®
status Positive  Negative
1 2 3 4
hMLH1 Methylated 1 (20.0%) 4 1.0000
Unmethylated 4 (14.3%) 24
—_— MGMT MGMT Methylated 1(9.1%) 10 0.6431
Unmethylated 4 {18.2%) 18
— pighcia p1giNKkss Methylated 1{7.7%) 12 0.6253
Unmethylated 4 (20.0%) 16
RAR-beta Methylated 2 (11.8%) 15 0.6562
— BAR-betz Unmethylated 3 (18.8%) 13
CDH1 Methylated 3 (21.4%) 1 0.6285
. Unmethylated 2 (10.5%) 17
—~— CDH1
Fisher's exact test.
Fig. 2. Bisulfite-polymerase chain reaction followed by restriction
digestion of the AMLHT gene and methylation-specific polymerase
chain reaction of the MGMT, p16™%, CDAT and RAR-beta genes.
Methylated aliefe was detected in case 3 (hMLH?), case 1 (MGMT),
cases 1 and 3 (p76™%), cases 2 and 4 (RAR-beta) and case 3 (CDHT).
M, methylated; U, unmethylated; +, after restriction enzyme
digestion; —, before restriction enzyme digestion.
Table 5. Association between MUCZ expression and DNA
methylation status
bl iation b d DNA hylati Gene Methylation MUC2 expression P-valuet
Table 2. Association between age an methylation status Positive Negative
Methylation Age hMLR1T Methylated 0 (0.0%) 5 .0488
Gene P-valuet
status > 61 <60 Unmethylated 15 {53.6%) 13
MGMT Methylated 9 (81.8%) 2 0.0078
hMLH1 Methylated 5 {(100.0%) 0 0.5663 Unmethylated & (27.3%) 16
Unmethylated 22 (78.8%) 6 P16 Methylated 7 {53.8%) 6 0.4928
MGEMT Methylated 7 (63.6%) 4 0.1458 Unmethylated 8 {40.0%) 12
Unmethylated 20 (90.9%) 2 RAR-beta  Methylated 8 {47.1%) 9 1.0000
plghks Methylated 11 (84.6%) 2 1.0000 Unmethylated 7 (43.8%) 9
Unmethylated 16 (80.0%) 4 CDH1 Methylated 5 (35.7%) 9 0.4824
RAR-beta Methylated 13 (76.5%) 4 0.6562 Unmethylated 10 (52.6%) g
Unmethylated 14 {87.5%) 2
CDH1 Methylated 11 (78.6%) 3 1.0000 tFisher's exact test.
Unmethylated 16 {84.2%) 3
*Fisher's exact test.
Table 3. Association between human gastric mucin (HGM)  Tabie 8. Association between CD10 expression and DNA
expression and DNA methylation status methylation status
i i expressio
Gene Methylation HGM expression Pyt Gene Met?ytlat:on CD-10 pression . Pvaluet
status Positive  Negative statls Positive Negative
hMLH1 Methylated 2 (40.0%) 3 10000  AMLHI Methylated 1(20.0%) 4 0.1523
Unmethylated 12 (42.9%) 16 Unmethylated 17 (60.7%) n
MGMT Methylated 5 {45.5%) 6 1.0000 MGMT Methylated 8 (72.7%) 3 0.2659
Unmethylated 9 {40.9%) 13 Unmethylated 10 (45.5%) 12
plgi Methylated 7 (53.8%) G 0.4720 p1gmea Methylated 7 (53.8%) 6 0.7332
Unmethylated 7 (35.0%) 13 Unmethylated 11 (5.0%) 9
RAR-beta  Methylated 8 {47.1%) 9 07283  RAR-beta  Methylated 7 (41.2%) 10 0.1663
Unmethylated 6 (37.5%) 10 Unmethylated 11 (68.8%) 3
CDH1 Methylated 7 (50.0%) 7 04969  CPHT Methylated 6 (42.9%) 8 0.3041
Unmethytated 7 (36.8%) 12 Unmethylated 12 (63.2%) 7
tFisher's exact test. Fishers exact test.
Motashita et al, CancerSci | August2005 i vol.956 | no.8 | 477
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Discussion

Gastric carcinomas are classified into the G, I, GI, and N
phenotypes according to gaswic-type and intestinal-type
markers. In this study, expression of HGM, M-GGMC-1,
MUC2 and CD1(Q was investigated. We observed that hAMLH]
was rarely methylated, whereas MGMT was frequently
methylated in MUC2-positive GC. Therefore, DNA methy-
lation, especially of the AMLHI and MGMT genes, may
participate partly in the distinct phenotypic expression of GC.
In fact, recent stodies showed that the MUC2 gene is also
a target of DNA methylation.®® Changes in genome-wide
DNA methylation may also affect DNA methylation of these
genes. To our knowledge, there is no report regarding DNA
methylation of HGM, M-GGMC-1 and CD10.

DNA hypermethylation of MGMT occurred frequenily in
MUC2-positive GC, Previously reported data indicate that
DNA hypermethylation of MGMT is associated with a G to
A mutation in the K-ras and p53 genes.®* Although we
found no association between DNA methylation of MGMT
and I type GC, MUC2 is a marker of intestinal epithelial
cells. Thus, frequent p53 mutations in 1 type GC®'% may be
due to DNA methylation of MGMT.

The hMLHI gene was rarely methylated in MUC2-positive GC
in this study. Endoh et al. reported that DNA hypermethylation
of hMLH! occurs frequently in G type GC,%® which does not
express MUC2. Our findings support the notion that DNA
methylation of AMLHI occurs frequently in G type GC. On the
other hand, MUC2-positive GC were 1eported to show MSI
more frequently than MUCZ-negative GC.®¥ DNA methylation
of hMLH1 is associated with MSI, indicating that MUC2-
positive GC may have frequent DNA methylation of ”MLHI. The
reason for the discrepancy between our results and those of
Lee et al. is unclear; however, the discrepancy may be due to
differences in the samples analyzed.®™ Lee et al. studied the
MUC2 expression and MSI in both differentiated-type and
undifferentiated-type GC, whereas we analyzed the phenotypic
expression and DNA methylation in differentiated-type GC only.
Taken together, MUC2-positive undifferentiated-type GC
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may show frequent MSI and DNA methylation of AMLHI.
In addition, because of a phenotypic shift from G type to
I type expression in conjunction with tumor progression,™
G type early GC showing AMLH! methylation may lose
G type expression along with tumor progression.

There was no correlation between mucin marker expression
and DNA methylation of pl6™%a CDHI] and RAR-beta.
Hypermethylation of the pI6™** gene is more common in
differentiated-type GC than in undifferentiated-type GC, whereas
CDHI and RAR-beta hypermethylation is observed more
frequently in undifferentiated-scattered-type GC than in other
types.® Thus, DNA methylation of these three genes may be
involved in histogenesis, but not in phenotypic expression of GC.

Although MUC2 expression was correlated with DNA
methylation of AMLH! and MGMT in this study, the number
of cases we studied was too small to clarify correlation between
phenotypic expression of GC and DNA methylation status.
Additional studies are needed to obtain the definite association
between DNA methylation and G and 1 phenotypes of GC.

In conclusion, our data show that DNA methylation of
specific genes, such as AMLH] and MGMT, may be associated
with the distinct phenotypic expression of GC. Because DNA
methylation of tumor-related genes has been shown to occur
in the early stages of stomach carcinogenesis®® and to increase
in paralle] with stomach carcinogenesis,*? the association
between DNA methylation and GC phenotypes in early GC
should be investigated.
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Hypermethylation of CpG islands is associated with the silencing of
various tumor suppressor genes. Retinoic acid receptor-beta (RAR-
beta), ceflular retinol-binding protein 1(CRBP1), and tazarotene-
induced gene 7 (71G1) have been linked to retinoic acid signaling.
Littie is known about the involvement of these three genes in
esophageal squamous cell carcinoma (ESCC). In this study, we
investigated the methylation status of these genes and analyzed
the role of methylation of their DNA in ESCC. Methylation-
specific polymerase chain reaction (PCR) was performed to study
the methylation of CpG islands in 28 ESCC (stages |, i, and I} and
10 samples of corresponding non-neoplastic mucosa. The mRNA
expression levels of the three genes were measured by
quantitative reverse transcription-PCR. DNA hypermethylation
of RAR-beta was found in seven {25.0%) of the 28 ESCC, of CRBPT
in five {17.9%), and of TIG7 in five (17.9%). DNA methylation of
RAR-beta was identified in one of 10 samples of corresponding
non-neoplastic mucosa {10.0%}, whereas no DNA methylation of
CRBP1 or TiGT was detected. In total, at least one of the three
genes was hypermethylated in 12 (42.9%) ESCC. Reduced
expression of RAR-beta, CRBP1, and TIGT was found in 14
(50.0%), 15 (53.6%), and 13 (46.4%) ESCC, respectively. DNA
methylation of each gene was significantly associated with
reduced expression of the respective mRNA, No correlation was
found between the DNA methylation status of RAR-beta and
clinicopathological factors such as depth of invasion, lymph node
metastasis, or tumor stage. In contrast, DNA methylation of both
CRBP1 and TIGT was observed only in stage |l ESCC. These results
show that inactivation of the retinoic acid signaling-associated
genes RAR-beta, CRBP1, and TIGT by DNA methylation occurs
frequently in ESCC. {Cancer 5¢i 2005; 86: 571-577)

Esophageal squarnous cell carcinoma (ESCC) is one of the
most common cancers worldwide, but the prognosis for
patients with this condition is extremely poor because of
difficulties with early diagnosis and a lack of effective
treatments.? The development of ESCC is a multi-step and
progressive process, an early indicator of which is the increased
proliferation of epithelial cells, including basal cell hyper-
plasia and dysplasia, which are regarded as precancerous

© Japanese Cancer Association  dol: 10.11114.1349-7006.2005.00082.x

lesions. Multiple genetic alterations are involved, including
amplification /foverexpression of the epidermal growth factor
(EGF)EGF receptor (EGFR)*® and cyclin DI1/fhst-1fint-2
genes, abnormal retention of intron 9 in the CD44 gene, loss
of heterozygosity (LOH) at multiple chromosomal loci,®?
microsatellite instability,® and mutation of the TP53 gene.®

In addition to genetic alterations, epigenetic alterations, such
as hypermethylation of CpG islands, are commonly observed
in hurnan cancers. Hypermethylation of CpG islands is associated
with the silencing of several tumor-relaied genes, and has
been proposed as an alternative way to inactivate tumor sup-
pressor genes in cancer.“®'Y The expression of some tumor
suppressor genes, such as pl6™e FHIT, CDHI, ECRG4,
MGMT, and LRPIBY*'7 ig commonly downregulated by CpG
isiand hypermethylation in ESCC, However, despite recent
advances in DNA methylation studies of esophageal adeno-
carcinoma,'*'®) gastric cancer,®®*" and colorectal cancer,?*
the extent of DNA methylation in ESCC is poorly understood.

Several lines of evidence suggest that retinoids suppress
carcinogenesis and prevent the development of cancer. Retin-
oids regulate the growth, differentiation, and apoptosis of
normal cells during embryonic development, and of prema-
lignant and malignant cells during carcinogenesis. The
effects of retinoids are mediated predominantly by retinoic
acid receptors (RAR-alpha, -beta, and -gamma), which act as
retinoic acid-dependent transcriptional activators in their
heterodimeric forms with retinoid X receptors (RXR-alpha,
-beta, and -gamma).®** Among RAR and RXR, RAR-beta is
thought to function as a tumor suppressor. Previous studies
have shown that overexpression of RAR-beta induces growth
arrest and apoptosis in several cancer cells.®*" In addition,
the RAR-beta gene is hypermethylated in cancers of the
stomach,®” breast,®® lung,®™ and head and neck.®” Although
diminished expression of RAR-beta in ESCC has been
reported,®? the DNA methylation status of RAR-beta in
ESCC is unclear.

*To whom correspondence should be addressed. E-mail: wyasui@hiroshima-u.ac.jp
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Another key component of retinoid signaling is cellular
retinol-binding protein 1 {CRBP1). Retinoic acid is present
in the circulation, but most tissues rely on the uptake and
cytosolic metabolism of retinoic acid to activate RAR and
RXR. CRBP1 possesses high-affinity binding for retinoic acid,
possibly functioning as a chaperone-like protein to regulate this
prenuclear phase of retinoic acid signaling.®® The CRBPI
gene is known to be hypermethylated in various hurnan cancers, 8%
However, there are no reports on the role of CRBP1 in ESCC.

Tazarotene-induced gene I (TIGI) is one of the genes induced
by tazarotene, a synthetic retinoid that binds RAR-beta and
RAR-gamma,® TIG1 may function as a cell adhesion protein,
and its expression on the cell surface may lead to increased
cell—cell contact and reduced proliferation.®® The T/G! gene is
also known to be hypermethylated in various hurnan cancers, 527
However, little is known about the role of T/G7 in ESCC.

In the present study, we examined the methylation status of
the RAR-beta, CRBPI, and TIG!I genes, and the expression
levels of these genes in 28 primary ESCC samples, as well as
in samples of corresponding non-neoplastic mucosa. To
determine whether hypermethylation causes transcriptional
inactivation, we compared the methylation status with the
mRNA expression levels of these genes. We also studied the
relationship between the RAR-beta, CRBPI, and TIG] genes
with respect to methylation status.

Materials and Methods

Tissue samples

Twenty-eight ESCC tissue specimens from 28 patients were
analyzed for methylation of the RAR-beta, CRBFPI, and TIG1
genes. Ten samples of corresponding non-neoplastic mucosa
were also analyzed. Total RNA was available for the 28 pairs of
cancer tissues and corresponding non-neoplastic mucosa to
study expression of these genes. Cancers and corresponding
non-neoplastic samples were surgically removed, immediately
frozen in ligquid nitrogen, and stored at —80°C until use. We
confirmed microscopically that the tumor specimens consisted
mainly (> 50%) of cancer tissue and that the non-neoplastic
samples did not exhibit any tumor cell invasion or significant
inflatnmatory involvement, Tumors were evaluated according to
the TNM staging system.®® Because written informed consent
was not obtained, for strict privacy protection, identifying
information for all samples was removed before analysis; the
procedure was in accordance with the Japanese Government’s
Ethical Guidelines for Human Genome/Gene Research.

Genomic DNA extraction and methylation analysis

To examine the DNA methylation patterns of the RAR-beta,
CRBPI, and TIGI genes, we extracted genomic DNA with a
Genomic DNA Purification Kit (Promega, Madison, WI,
USA) and performed methylation-specific PCR (MSP).®” In
brief, 2 pg of genomic DNA was denatured by treatment with
2 M NaOH and modified with 3 M sodium bisulfite for 16 h.
DNA samples were purified with Wizard DNA Purification
Resin (Promega), treated with 3 M NaOH, precipitated with
ethanol, and resuspended in 25 pl water. Two-microliter
aliquots were used as templates for PCR reactions. The
sequences of primers and the annealing temperature for RAR-
beta, CRBPI, and TIGI MSP were as described previously

572

Table 1. Piimer sequences for methylation-specific polymerase chain
reaction (MSP) and quantitative reverse transcription-polymerase
chain reaction {RT-PCR)

Annealing
Primer sequence temperature {°C}
MSP {(RAR-beta, methylated) 64

F: 5-GGET TAG TAG TTC GGG TAG GGT TTA TC-3°

R: 5°-CCG AAT CCT ACC CCG ACG-3'

MSP (RAR-beta, unmethylated) 55
F: 5-TTA GTA GTT TGG GTA GGG TTT ATT-3°

R: 5-CCA AAT CCT ACC CCA ACA-3'

MSP (CRBP1, methylated) 70
F:5-TTG GGAATTTAG TTG TCG TCG TTT -3

R: 5“AAA CAA CGA CTA CCG ATA CTA CGC G-3°

MSP (CRBPT, unmethylated) 67
F: 5-GTG TTG GGA ATTTAG TTG TTG TTG

TTTT-3

R: 5-ACT ACC AAA ACA ACA ACT ACC AAT

ACT ACA-3”

MSP (TIG1, methylated) 56
F: 5-GCG GGG TTC GGG GAT TTC-3'

R: 5-GTA CGC GAA CAA ACA AAC G-3°

MSP (TiG1, unmethylated) 55
F: 8-GTG GGG TTT GGG GAT TTT GAT-3'

R: 5-ATA CAC AAA CAA ACA AAC ACA-3

Quantitative RT-PCR (RAR-beta) 1)
F: 5'-ACC ACT GGA CCA TGT AAC TCT AGT GT-3

R: 5-GGC ATC AAG AAG GGC TGG A-37

Quantitative RT-PCR (CRAPT) 60
F: 5-CAA CAG TGA GCT GGG ACG G-3'

R: 5-GCC ACG CCC CTC CTT C-3°

Quantitative RT-PCR (TIGT) 60
F: 5-GGC CGC GCG TGG AT-3

R: 5-GGT TGT AGC GCT TG TGC TG-37

Quantitative RT-PCR (ACTB) 60
F: 5%-TCA CCG AGC GCG GCT-3

R: 5-TAA TGT CAC GCA CGA TTT CCC-3

F, forward; R, reverse.

{Table 1).333¢4% We determined the number of PCR cycles
according to the correlation between the mRNA expression
and DNA methylation of each gene in gastric cancer cell
lines.“! Hot-start PCR with a total cycle number of 30 was
used in all MSP DNA amplifications.

Quantitative reverse transcription-PCR analysis

Total RINA was extracted with an RNeasy Mini Kit (Qiagen,
Valencia, CA, USA), and 1 pg of total RNA was converted to
cDNA with a First Strand cDNA Synthesis Kit (Amersham
Biosciences, Piscataway, NJ, USA). PCR was performed with
a4 SYBR Green PCR Core Reagent Kit (Applied Biosystems,
Foster City, CA, USA). Real-time detection of the emission
intensity of SYBR green bound to double-stranded DNA was
performed with an ABI PRISM 7700 Sequence Detection
System (Applied Biosystems), as described previously.“?
Primer sequences are listed in Table 1. We calculated the
ratio of target gene mRNA expression levels between ESCC
tissue (T) and corresponding non-neoplastic mucosa (N). We
considered T/IN < 0.5 to represent reduced expression, ACTB-
specific PCR products were amplified from the same RNA
samples and served as internal controls.

Japanese Cancer Association doi: $0.1111/j.1349-7006.2005.00082.x
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Fig. 1. Methylation-specific polymerase chain reaction (PCR) analysis of RAR-beta, CRBP1, and TIG? genes in esophageal squamous cell
carcinoma and corresponding non-neoplastic mucosa. U, unmethylated PCR product; M, methylated PCR product. A methylated allele of the
RAR-beta gene was detected in samples 1T and 3T. A methylated allele of the CRBP1 gene was detected in samples 17, 2T, and 4T. A
methylated allele of the 7/G1 gene was detected in sample 27. In corresponding non-necplastic mucosa, 8 methylated alleie of the RAR-
beta gene was detected in sample 4N. Methylated alleles of CRBPT and TIG1 were not detected.

Statistical methods

Statistical analysis was performed by using Fisher’s exact
test. P-values of less than 0.05 were regarded as statistically
significant.

DNA methylation mRNA expression

Results

Frequencies of RAR-beta, CRBP1, and TIGT methylation in
ESCC and corresponding non-neoplastic esophageal
mucosa

Representative MSP results for the RAR-beta, CRBPI, and
TIG1 genes in ESCC tissues and corresponding non-neoplastic
samples are shown in Figure 1. Among the 28 ESCC, DNA
hypermethylation was detected in seven (25.0%) for RAR-
beta, five (17.9%) for CRBPI, and five (17.9%) for TIGI.
The overall results are shown in Figure 2. Concordant
hypermethylation of RAR-beta and CRBFP1 was found in only
one ESCC sample, and concordant hypermethylation of
RAR-beta and TIG] was found in only cne ESCC sample.
There was a tendency toward concordant methylation of
CRBPI and TIGI (P = 0.0269, Fisher’s exact test; Table 2).
Among the 28 ESCC, at least one of the three genes was
hypermethylated in 12 (42.9%). We analyzed the relationship
between the methylation status of each gene and the
clinicopathological factors. There was no correlation between
the DNA methylation of RAR-beta and clinicopathological
data (Table 3). However, DNA methylation of both CRBPJ
and TIGI was detected only in ESCC of advanced T grade,
N grade, and tumor stage (Tables4,5). The frequency of
DNA methylation of CRBPI was significantly higher in stage
III ESCC (five of 10, 50.0%) than in stage I/Il ESCC (Q of
18, P =0.0026, Fisher’s exact test). The frequency of DNA  Fig-2. Summary of DNA methylation and mRNA expression of

. P : : RAR-beta, CRBP1, and TIG1 in esophageal squamous cell carcinoma
methylation of TIGI was also ﬂg_mﬁcantly higher in stage Ui (ESCC) tissues. DNA methylation of each gene was associated with
ESCC (five of 10, 50.0%) than in stage I/l ESCC (0 of 18,  |ow expression of the respective mRNA. Concordant hypermethylation

P =0.0026, Fisher's exact test). of CRBP? and TIGT was noted. Concordant hypermethylation of
In samples of con‘esponding non—neoplastic mucosa, DNA RAR-heta and CRBP! was found in only one ESCC sample, and

. ¥ concordant hypermethylation of RAR-beta and T/GT was found in
methylation of RAR-beta was detected in one (10.0%) of 10 5niy one ESCC sample. Black boxes represent samples with DNA

samples. On the other hand, the corresponding tumor sample  methylation. Gray boxes represent samples with reduced expression.
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Table 2. DNA methylation status of retinoic acid signaling-associated genes

RAR-beta methylation status

P-value*
Methylated Unmethylated
CRBP1 methylation status Methylated 1 {20.0%) 4 1.000
Unmethylated 6 {26.1%) 17
TiG1 methylation status Methylated 1{20.0%) 4 1.000
Unmethylated 6 (26.1%) 17
CRBP1T methylation status
Methylated Unmethylated
TiG1 methylation status Methylated 3 (60.0%) 2 0.0269
Unmethylated 2 (8.7%) 21
*Fisher's exact test.
Table 3. Association between DNA methylation and mRNA expression of RAR-beta and clinicopathelogical parameters
DNA methylation mRNA expression
P-value* P-value*
M u Reduced! Not reduced
T grade T1/2 3 {(27.3%) 8 NS 6 (54.5%) 5 NS
T3 4 (23.5%) 13 8 (47.1%) 9
N grade NO 2 (20.0%) 8 NS 2 (20.0%) 8 0.0461
N1 5 {27.8%) 13 12 (66.7%) 6
Stage [l 4 {22.2%) 14 NS 7 (38.9%) 11 NS
1] 3 {30.0%) 7 7 (70.0%) 3
Differentiations Wi 4 {19.0%) 17 NS 10 (47.6%) 11 NS
P 3 (42.9%) 4 4 (57.1%) 3
DNA M - - 7 (100%) 0 0.0058
methylation u - - 7 (33.3%) 14

*Fisher's exact test. "We considered T (tumor}¥N (normal) < 0.5 to represent reduced expression. NS, not significant. "W, well-differentiated;

M, moderately differentiated; P, poorly differentiated.

Table 4. Association between DNA methylation and mRNA expression of CRBP? and dinicopathological parameters

DNA methylation

mRNA expression

P-value* P-value*
M 4] Reduced"’ Mot reduced
T grade T1/2 0 {0.0%) 11 NS 3 (27.3%) 8 NS
T3 5 (29.4%) 12 12 (70.6%) 5
N grade NO 0 (0.0%) 10 NS 6 (60.0%) 4 NS
Nt 5 {27.8%) 13 9 (50.0%) 9
Stage 171l 0 {0.0%) 18 0.0026 9 (50.0%) 9 NS
11 5 {50.0%) 5 6 (60.0%) 4
Differentiation® WM 4 {19.0%) 17 NS 13 (61.9%) 8 NS
P 1{14.3%) 6 2 (28.6%) 5
DNA M - - 5 {100%) s} 0.0437
methylation U - - 10 {(43.5%) 13

*Fisher's exact test. "We considered T (tumor)/N {normal) < 0.5 to represent reduced expression. NS, not significant. "W, well-differentiated;

M, moderately differentiated; P, poorly differentiated.

(case no. 4) did not show RAR-beta methylation, Thus, the
origin of this tumor may not be non-neoplastic mucosa with
DNA methylation of RAR-beta. It is possible that tumor cells
may be heterogeneous with regard to aberrant methylation,
resulting in a lack of DNA methylation. DNA methylation of
CRBP! or TIG! was not detected (Fig. 1).

MRNA expression of RAR-beta, CRBP1, and TIGT in ESCC

We used quantitative reverse franscription (RT)-PCR analysis
to determine whether DNA methylation of the RAR-beta, CRBPI,

574

and TIG! genes affects the expression of the their respective
mRNA. Overall results are shown in Figure 2. Reduced
expression of RAR-bera, CRBPI, and TIG! was found in 14
(50.0%), 15 (53.6%), and 13 (46.4%) of the 28 ESCC,
respectively. Among the 14 ESCC with reduced expression of
RAR-beta, seven (50.0%) had DNA methylation of RAR-
beta, whereas of the 14 ESCC without reduced expression of
RAR-beta, no RAR-beta methylation was detected (P = 0.0058,
Fisher’s exact test; Table 3). Reduced expression of CRBPI
and of TIGI mRNAs was also associated with hypermethylation

® Japanese Cancer Association doi: 10.1111/].1349-7006.2005.00082.x
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Table 5. Association between DNA methylation and mRNA expression of 71G7 and dinicopathological parameters

DNA methylation mRNA expression
P-value* P-value*
M U Reduced’ Not reduced
T grade T2 0 (0.0%) 11 N5 3 (27.3%) 8 NS
T3 5 (29.4%) 12 10 (58.8%) 7
N grade NO 0 (0,0%) 10 NS 5 {50.0%) 5 NS
N1 5 (27.8%) 13 8 (44.4%) 10
Stage Hll 0 (0.0%) 18 0.0026 7 (38.9%) 11 NS
n 5 {50.0%) 5 6 {60.0%) 4
Differentiation® WM 4 {19.0%) 17 NS 11 {52.4%) 10 NS
P 1{14.3%) 6 2 (28.6%) 5
DNA M - - 5 (100%) 0 0.0%31
methylation U - - 8 (34.8%) 15

*Fisher's exact test. "We considered T {tumaor)/N (normal) < 0.5 10 represent reduced expression. NS, not significant. W, well-differentiated;

M, moderately differentiated; P, poorly differentiated.

of respective genes (£ = 0.0437 for CRBPI, P = 0.0131 for
TIGI, Fisher’s exact test; Tables 4 and 3). Among the 14
ESCC with reduced expression of RAR-beta, 12 (85.7%)
were positive for Iymph node metastasis (P = (0.0461,
Fisher’s exact test). There was no statistically significant
association between clinicopathological factors and mRNA
expression of CRBPI or TIG1.

Discussion

In this study, we analyzed the DNA methylation and mRNA
expression status of three genes associated with retinoid
signaling. DNA methylation of these genes was significantly
associated with reduced gene expression, suggesting that
DNA methylation plays an important role in transcriptional
inactivation of these genes in ESCC. It is important to note
that several samples showed reduced mRNA expression in
the absence of DNA methylation. Alternative gene-inactivating
mechanisms, such as hemizygous deletion or alieration of
transcription factors, may account for the reduced gene
expression in these samples. The RAR-beta gene is located on
chromosome 3p24, the CRBPI gene is located on chromosome
3q23, and the TIG! gene is located on chromosome 3q23.
LOH in chromosomes 3p and 3q has been reported in 35%
and 30% of ESCC, respectively.”” Previously, lack of
correlation between expression of RAR-beta and LOH on
3p24 in ESCC has been reported,®” thus only LOH on 3p24
does not cause the reduced gene expression of RAR-beta. In
the present study, because the mRNA expression levels of the
RAR-beta gene in tumor tissues were correlated with DNA
methylation, it is possible that the RAR-beta gene may have
monoallelic methylation in non-neoplastic tissue and biallelic
methylation or monoallelic methylation plus LOH in tumors.
High-level gains at 3q25-29 have been reported in ESCC by
comparative genomic hybridization.®#?

Reduced expression of RAR-beta was detected in 50.0% of
ESCC, and half of these cases showed DNA methylation of
RAR-beta. Although DNA methylation of RAR-beta was
detected in the corresponding non-neoplastic samples
(10.0%), the frequency of methylation in ESCC (25.0%) was
higher, suggesting that methylation of the RAR-beta gene
may contribute to esophageal carcinogenesis. DNA methyla-

Mizuiri et al.

tion occurs in premalignant and histologically normal squa-
mous epithelium of the esophagus."®*? The frequency of
RAR-beta methylation did not differ significantly between
early-stage and late-stage ESCC in this study. However,
among the 14 ESCC with reduced expression of RAR-beta,
12 (85.7%) were positive for lymph nodes metastasis. A pre-
vious study indicated that retinoic acid induces the expres-
sion of »m23-HI," which is known to reduce cell
motility.“¢"? Reduced expression of RAR-beta folowed by
reduced expression of mm23-HI may occur frequently in
ESCC with lymph node metastasis.

DNA methylation of CRBP! and TIG! was detected only
in late-stage ESCC, and no methylation was detected in cor-
responding non-neoplastic mucosa, indicating that DINA
methylation of these two genes may contribute not to car-
cinogenesis but to tumor progression. However, reduced
expression of both CRBPI and TIGI was not associated with
tumor stage. Therefore, the correlation between DNA meth-
ylation of these two genes and tumor stage may be a second-
ary effect of global changes in chromatin structure. In breast
cancer, it has been reporied that global DNA hypomethyla-
tion occurs during tumor progression,“® Nevertheless, DNA
methylation of both CRBPI and TIG! may be a marker of
tumor progression.

Although concordant hypermethylation of RAR-beta and
CRBPI®® and of RAR-beta and TIGI®® has been reported,
there was no such tendency in ESCC in our study. Approxi-
mately half of the ESCC in our study had methylated DNA
for at least one of the three genes, indicating that alterations
of retinoic acid signaling are widely involved in ESCC and
that inactivation of RAR-beta and CRBPI as well as of TIG!
may not occur synergistically, but rather are random events.
In contrast, concordant hypermethylation of CRBP! and
TIGI was observed. Because both CREBP! and TIG! genes
are located on chromosome 3q, it is possible that global DNA
methylation effected this change.

In conclusion, our results show that inactivation of the
retinoic acid signaling-associated genes RAR-beta, CRBFI,
and TIGI due to DNA methylation occurs frequently in
ESCC. Because methylated DNA can be induced by demethy-
lating agents,*? these three genes may be good molecular
targets for effective therapeutic strategies for ESCC.

Cancer5ci | September2005 | wvol.96 | nw.9 | 575
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Abstract

Background: Somatic mutations of mitochondrial DNA (mtDNA) have been reported to play an
important role in the carcinogenesis of several human cancers. However, there are few reports on
mtDNA mutations in digestive tract cancers, including esophageal, gastric and colorectal cancers. The
present study examined somatic mtDNA mutatons in these cancers.

Methods: Samples of 82 esophageal cancers, 96 gastric cancers and 138 colorectal cancers were col-
lected. Mutatons in the D310 mononucleotide repeat of mtDINA were examined by microsarellite assay.
Results: Frequencies of mtDNA mutations were similar in each digestive tract cancer: 14% (7/51) in
esophageal cancers, 15% (14/94) in gastric cancers and 8% (11/133) in colorectal cancers. There were
no significant relationships berween miDNA murations and clinicopathological features, such as patient
age or sex, tumor locaton, depth of tumor invasion and lymph node metastasis in each digestive act
Cancer.

Conclusions: The results suggest that mtDNA mutations play a role in the development but not pro-

gression in each digestive tract cancer, and that the role of mtDMNA mutations might be similar among

the digestive tract cancers.
© 2005 Blackwell Publishing Asia Pty Ltd

Key words: D310, murarion, digestive tract cancer, mitochondrial DNA.

INTRODUCTION

Human cells contain two types of DNA; nuclear DNA,
comprising approximately six billion base pairs, and
mitochondrial DNA (mtDNA), comprising 100-1000
copies of 16 569 base pairs per cell."? Mitochondrial
DNA is susceptible to murations and bas at least a 10-
fold higher mutation rate than nuclear DNA. This is
because of the high level of reactive oxygen species in
mitochondria products of oxidarive phosphorylation in
the generation of cellular adenosine triphosphare (ATTP)
and the low level of DNA repair systems.
Carcinogenesis and the progression of human malig-
nancies are multistep processes involving the accumu-
Jation of genetic alteratdons. Much attention has been
directed to the study of genetic events such as the

activation of oncogenes, the inacrvation of tumor
suppressor genes and defects in mismatch repair genes.
Recently, somatic mutations of mtDNA have been
reported in several types of human cancers.** Fliss ¢t al.
reported mtDNA mutations in 9/14 {64%) bladder can-
cers, 6/13 (46%) head and neck cancers and 6/14
(43%) lung cancers.” In addition, frequent mutation of
the D-loop region of miDNA has been reported. The
D-loop region is critical for replication and expression
of the mitochondrial genome because it contains the
leading-strand origin of replicadon and the major pro-
moters for transcription. There are few reports on
mtDNA mutations in digestive tract cancers including
esophageal, gastric and colorectal cancers. Therefore,

the present study examined mtDNA mutations in these
cancers.
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METHODS
Tissue samples

Eighty-two esophageal cancers, 96 gastric cancers and
138 colorectal cancers were collected at the Hiroshima
University Flospital between 1988 and 2001, In each
case, both cancerous and non-cancerous rissues were
obtained. The present study was approved by the Jocal
ethical committee (No. I-RIN-HI-45), and informed
consent was obtained from each patient.

Histological examination

Four micron-thick sections were prepared from forma-
lin-fixed, paraffin-embedded specimens. The sections
were stained with hematoxylin and eosin (HE) for his-
tological examination.

Clinicopathological features

All esophageal cancers were squamous cell carcinomas.
Esophageal cancers were classified into two groups
according to depth of invasion; superficial type (mucosa
and submucosa) and advanced type (muscularis propria
or deeper). To analyze the reladonship between tumor
location and genetic alterations, the esophagus was
divided into three parts; the upper, the middle and the
lower.

Gastric cancers were classified histologically as either
intestinal type or diffuse type as defined by Lauren.®’
Depth of invasion was defined as early stage (mucosa
and submucosa) or advanced stage {muscularis propria
or deeper). The stomach was divided into two parts: the
upper and the lower.

Colorectal cancers were classified into two groups
according to depth of invasion: to the muscularis pro-
pria or subserosa, and the serosa or deeper. The col-
orectal cancers were divided into two parts; the right
(from the cecum to the transverse colon) and the lefi
(from the descending colon to the rectum).

DNA extraction

Ten micron-thick tissue sections were placed onto giass
slides and stained with HE. The sections were then
dehydrated in graded ethanol and dried without a cover
glass. Cancerous and normal tissues on the slides were
scraped up separately with sterile needles. DNA was
extracted from the tissues with 20 pL extraction buffer
(100 mmo! Tris-HCl; 2 mmol ethylene diamine tet-
raacetic acid [EDTA], pH 8.0; 400 pL/mL. ‘proteinase
K) at 50°C overnight, The wbes were boiled for 7 min
1o inactivate the proteinase K, and 2 pL. of the extracts
were used for each polymerase chain reaction (PCR)
amplification.

K Kaose et al.

Mutations of the mtDNA

A 109-bp fragment containing the D310 repeat of
mtDNA (D-loop region) was amplified. The primer
sequences were as follows: 5-ACAATT’GAATGTCT
GCACAGCCACTT-3" for the sense primer and
-GGCAGAGATGTGTTTAAGTGCTG-3’ for the
antisense primer.® Microsatellite assays were carried out
as described previously.?® Briefly, each 15 pL reaction
mixture containing 10-20ng of genomic DNA,
6.7 mmol Tris-HCl (pH 8.8), 6.7 mmol EDTA,
6.7 mmol MgCl,, 0.33 pmol primer labeled with
(gamma-**P)} dATP, 0.175 pmol unlabeled primer,
1.5 mmol of each deoxynucleotide triphosphate and
0.75 units of AmpliTaq Gold DNA polymerase (Perkin-
Elmer, Branchburg, INJ, USA) was amplified for 40
cycles as follows: denaruration at 94°C for 30 s, anneal-
ing at 55°C for 30 s and strand elongation at 72°C for
30 s. The PCR products were electrophoresed on 6%
polyacrylamide, 8 mol urea, 32% formamide gels and
subjected to autoradiograph overnight at —80°C on Fuji
RX film (Fuji Photo Film, Minamiashigara, Japan).

Statistical analysis

Fisher’s exact test was used. A value of P<0.05 was
regarded as significant.

RESULTS
Samples

The male-to-female ratio of the patients with esoph-
ageal cancer was 50/9.The mean age of the patients was
66.0 years (range, 52-80). Twenry-three cases were of
the superficial type, and 36 were of the advanced type.
Four were located in the upper 2sophagus, 39 were in
the middle, and 16 were in the lower.

The male-to-female ratio of patients with gastric can-
cer was 68/28. The mean age of the patients was
63.8 years (range, 33-90). Sixry cases were of early
stage cancer and 36 were of advanced stage cancer.
Thirty were located in the upper stomach, and 66 were
in the lower. Seventy cases were negative for Iymph
node metasrasis, and 26 were positive.

The male-to-fernale ratio of patients with colorectal
cancer was 85/53. The mean age of the patents was
63.8 years (range, 37-88). In 43 cases, the depth of
invasion was the muscularis propria or subserosa. In the
remaining 95 cases, the depth was the serosa or deeper.
Thirty-three cancers were located in the right side and
105 were in the left. Sixty-nine cases were negative for
lymph node metastasis and 69 were positive.

Mutations of the mtDNA

Somatic mutations in the D310 mononucleotde repeat
of mtDNA were detected in 32/278 (12%) of ali diges-
tive tract cancers studied. The frequencies of mtDNA
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mutations in each digestive tract cancer were similar:
14% (7/51) in the esophageal cancers, 15% (14/94) in
the gastric cancers and 8% (11/133) in the colorectal
cancers. In regard to the mutadon spectrum, 30 of the
32 mmors {94%) showed deletons or insertions of
1-bp. The remaining two (6%) showed 2-bp deletions
(Fig. 1).

We then compared the presence of the D310 muta-
tions with clinicopathological features, including
patient age, sex, tamor location, depth of mumor inva-
sion, stage and lymph node metastasis in each digestive

Case C8
T N

Case E27
T

N

Figure 1 Representative examples of sornatic mutations of
the D310 repeat mtDNA by microsatellite assay. T, tumor; N,
normal tissue, Case E27 shows I-bp deletion in the tumor,
and case C8 shows 1-bp insertion in the tumor.

1681

tract cancer (Tables 1-3). No significant relationships
were identified in each histological type.

DISCUSSION

Digestive tract cancers are the most common human
malignancies and contribute to significant cancer mor-
tality throughout the world. Digestive tract cancers com-
prise more than half of all malignancies in Japan.!'-??
The molecular mechanisms underlying these cancers
are, however, largely unknown. The importance of
mitochondria in apoptosis has been suggested in several
studies.'* Cytochrome c is released from mitochondria,
an action iohibited by the presence of Bcl-2.
Cytochrome c reacts with Apaf-1 and procaspase 9 and
activates other caspases, leading to apoptosis. This pro-
cess might be disrupted by mitochondrial dysfuncrion
such as that which occurs with mtDNA alteration, and
unlimited cell growth might occur in affected tissues.
miDNA mutations have been found in more than 40%
of bladder, lung, and head and neck cancers.” In addi-
tion, Tan ezal. reported that 22/27 (81%) mtDNA
mutations in breast cancer occurred in the D-loop
region.!¥ Other reports also indicated that the D-loop
region might be a hot spot for mutations.'® This region
is known to be the start site for replication of the closed,
circular mitochondrial genome."” Replicaton of
mtDNA begins with the synthesis of the heavy strand
(H strand) with primer RNA, and the 3’ termini of
primer RNA have been mapped to CSBs I-ITL.!® The
identificaton of mutations in this region indicates the
necessity for further research on the mechanisms of late
replication and processing of mtDNA in cancer,
Mutation frequencies of oncogenes suck as K-ras,
tumor suppressor genes p53 and p16 and microsatellite
instability have been reporred to differ berween diges-
tive tract cancers.'®* For example, K-rgs mutation is
frequent in colorectal cancers, but not in esophageal or

Table 1 Relatonship berween mtDNA muratons and clinicopathological characteristics of esophageal cancer

Mutation in D310

Characteristics Paositve Negative NI Frequency of mutation
Padent age

<63 years 5 18 2 22%

=65 years 2 26 6 7%
Sex

Male 5 37 8 12%

Female 2 7 0 22%
Tumor locationt

Upper 0 4 0 0%

Middle 5 28 6 15%

Lower 2 12 2 14%
Depth of invasion

Mucosa/submucosa 3 16 4 16%

Muscularis propria 4 28 4 13%

NI, not informative.
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Table 2 Relatonship between mtDNA mutations and clinicopsthological characteristics of gastric cancer

Muration in D310

Characteristics Positive Negarive NI Frequency of mutation
Patient age

<65 years 6 34 0 15%

265 years 8 46 2 15%
Sex

Male 11 56 1 16%

Female 3 24 I 11%
Tumor location

Upper 4 26 0 13%

Lower 10 54 2 16%
Histological type

Intestinal 11 57 2 16%

Diffuse 23 0 12%
Depth of invasion

Mucosa/submucosa 8 52 0 13%

Muscularis propria 6 28 2 18%
Lymph node metastasis

Negative 12 57 1 17%

Positive 2 23 1 8%

NI, not informative.

Table 3 Relationship between mtDINA murations and clinicopathological characterisdes of colorectal cancer

Mutation in D310

Characteristics Positive Negative NI Frequency of mutation
Patient age

<65 years 4 63 2 6%

265 years 7 59 3 11%
Sex )

Male 7 75 3 9%

Female 4 47 2 8%
Tumor location

Right 3 29 1 9%

Left 8 93 4 8%
Depth of invasion

<85 3 37 3 8%

58 8 85 2 2%
Lymph node metastasis

Negative 4 64 i 6%

Positive 7 58 4 11%

NI, not informative; ss, subserosa,

gastric cancers. Microsatellite instability is frequent in
colorectal and gastric cancers but not in esophageal
cancers. Methylaton patterns also differ among the
cancers.”> These results suggest that these cancers might
develop through different pathways. However, most
cancers show relomerase activity, which is important for
cell immortality. To clarify the role of m{DNA muta-
tions in digestive tract cancers, analyses of the fre-
quency and spectrum of the mutations are crucial.
However, few researchers have examined mtDNA

alterations in the digestive tract cancers. In addition, the
reported frequencies of the mutadon of miDNA in
digestive tract cancers were various, from 5% to 34% in
the esophageal cancers,%* from 4% to 18% in the
gastric cancers,”*2® and from 44% to 66% in the col-
orectal cancers.>*”?® This could possibly be a result of
the differences of method and locus examined. We
therefore esxamined only the D310 locus by one
method, microsatellite analysis, in each digesrive tract
cancer. Frequencies of mtDNA mutations were similar
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in each digestive tract cancer in the present study. We
also found that there were no significant relationships
berween mtDNA murations and clinicopathological
fearures, including patient age, sex, tumor location,
depth of tumor invasion, stage and Iymph node
metastasis in each digestive tract cancer. In several other
cancers, no correlations between mtDNA mutations
and clinicopathological features have been identified.®
This suggests that mtDNA mutatons play a role in the
development bur not progression in each digestive wact
cancer, and that the role of mDNA mutations might be
similar among the digestive tract cancers.

A large number of mtDNA mutations have been
reported in not only cancer cells, but also human
somatic tissues during aging. These mutations include
large deletions, point mutations and small deledons. It
is important to note that mtDNA mutations reported
during aging are mosaic, that is, there is uneven distri-
bution of particular murant mtDNA molecules among
the cells of a given dssue. This is because of the intrinsic
heteroplasmic nature of the mtDNA popuiation in cells.
It is likely that increased susceptibility of mtDNA to
oxidative damage and limited DINA repair capacity of
the proteins involved in mitochondrial repair play = sig-
nificant role in mutagenesis in aging. The mitochondrial
dysfunction that accompanies aging might exert a major
influence on carcinogenesis. Further examinations are
necessary 1o clarify the issue.
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