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radiation oncologists. However, it could not be determined in
our study, because we did not encounter any severe toxicity.

Verification is a very important process, especially in
hypofractionated stereotactic radiotherapy. Negoro et al.
previously reported the details of our verification method
and the results of setup error (10). We used A-P and lateral
verification films obtained by a X-ray simulator after CT scan,
to compare linacography (A-P and lateral port films) immedi-
ately before irradiation. X-ray simulation films have a higher
resolution than digital reconstructed radiography, especially in
the C-C direction. X-ray simulation films can be easily taken
using our integrated system, in which the CT simulator and the
X-ray simulator are employed on the same couch. Therefore,
we used X-ray simulation films to verify patient setup.

Dose correction for lung inhomogeneity is still a contro-
versial issue. The application of the Monte Carlo calculation
method to routine clinics in the future is one of the solu-
tions. In the present situation, we consider that dose correc-
tion using a method such as the generalized Batho method
should be performed to deliver the true prescribed dose.

Target delineation and definition are other important is-
sues in SRT for lung tumors. Interobserver variation in
target delineation is not negligible in some cases. There has
been no universal target definition for small solitary lung
tumor in SRT. Although the only concept is proposed by
International Commission on Radiation Units and Measure-
ments Report 62, details of target definition depend on the
treatment methods, such as the way to scan the CT of the
tumor and the verification method. Further discussions on
these issues are necessary.

In conclusion, the use of multiple noncoplanar static ports
achieved homogeneous target dose distribution and avoided
high dose to normal tissues, despite the limitation of the
beam arrangement from the use of the body frame and
couch structure. Tolerance doses to the normal tissues are
yet unknown when using single high-dose irradiation.
Therefore, we should continue to make treatment plans
carefully. In addition, further follow-ups of clinical cases
are required to know the tolerance dose to the normal tissues
in stereotactic radiotherapy.
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Background: Although breast-conserving surgery followed by definitive irradiation is an established
treatment for patients with early breast cancer, the role of breast-conserving therapy (BCT) for patients
with bilateral breast cancer has not been well studied and the radiation therapy technique is still under
investigation. We examined the feasibility of breast-conserving therapy for bilateral breast cancer and pre-
sent here our radiation therapy technique with CT simulator.

Methods: Between July 1990 and December 1998, we treated 17 patients with bilateral breast cancer
who underwent bilateral breast-conserving surgery followed by definitive irradiation. Seven patients had
synchronous bilateral breast cancer and ten had metachronous bilateral breast cancer. Radiation therapy
consisted of 50 Gy to the bilateral whole breast in all patients but one. A CT simulator was used to plan a
tangential radiation field to the breast in all patients. Boost irradiation of 10 Gy was administered to 8
tumors with close or positive margins.

Results: With a median follow-up periods of 95 months from each operation, no patients showed loco-
regional recurrence on either side, and none suffered distant metastasis. Furthermore no serious late
adverse effects were observed.

Conclusion: This study demonstrated that BCT is feasible for bilateral breast cancer and the CT sim-

ulator is useful for determining the radiation field, especialy when lesions are metachronous.

Breast Cancer 12:135-139, 2005.
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Radiation therapy

The incidence of clinically observed bilateral
breast cancer is reported to range from 1.4 to
11.8%"®, small but significant. Although breast-
conserving surgery followed by irradiation is an
established treatment for patients with early breast
cancer, the frequency of patients receiving bilater-
al breast irradiation ranges from 0.4% to 5.5%*°.
The role of breast-conserving therapy for patients
with bilateral breast cancer has not been well
studied and scant attention has been devoted to
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the techniques for radiation therapy. We herein
present our technique, which utilizes a CT simula-
tor, and analyze the outcome of treatment for
patients with bilateral breast cancer treated with
breast-conserving therapy (BCT).

Materials and Methods

Between July 1990 and December 1998, a total
of 1036 patients with breast cancer were treated
with BCT, defined as breast-conserving surgery
and axillary lymph node dissection followed by
definitive radiation therapy at the Department of
Radiology at Kyoto University Hospital. Among
them, 35 patients (3.4%) had bilateral breast can-
cer, and 17 of them were treated with bilateral
BCT (Fig 1). Therefore, 17 patients treated with
bilateral BCT were analyzed in the present study.
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BCT for Bilateral Breast Cancer

Total Patients : 1036

|

Bilateral : 35 (3.4%)
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Unilateral : 1001 (96.6%)
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Synchronous : 10
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Metachronous : 25
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Bilateral BCT: 7 | BCT+
Mastectomy : 3

' Bilateral BCT : 10 ‘

History of BCT+
Mastectomy : 13 Mastectomy : 2

Fig 1. Total patients treated between July 1990 and December 1998.

Table 1. Patient Characteristics

Synchronous Metachronous
(7 Pt) (10 Pt)
Age at diagnosis Median 53 Median 45
(43-68) (2854
Family history
1st degree 0 3
2nd degree 1 0
Menstrual status
Premenopausal 2 8
Perimenopausal 0 0
Postmenopausal 2 2
Unknown 1

* age at the diagnosis of the 1st tumor

Seven patients had synchronous bilateral breast
cancer and 10 patients had metachronous bilateral
breast cancer. They developed the newly diag-
nosed contralateral breast cancer 4 to 70 months
after the first BCT with a median interval of 29
months. Synchronous breast cancer was defined
as the diagnosis of both tumors within 1 month.
The patients’ characteristics and the characteris-
tics of the 34 breast cancers are summarized in
Tables 1 and 2.

As regards conservative surgery, 14 tumors
were treated by quadrantectomy, while 20 tumors
were treated by wide excision. All patients under-
went axillary dissection bilaterally. Twenty-six
tumors had negative margins of resection, 6 had
close margins of resection, that is, within 5 mm
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Table 2. Tumor Characteristics of the 34 Treated
Breasts

Number %
Pathology
DCIS 1
Invasive ductal 32 94
Invasive lobular 1
Clinical T Stage
TO 1 3
T1 22 65
T2 11 32
Clinical UICC Stage
I 22 65
A 9 26
1B 3 9
Pathologic N stage
NO 31 91
N1 3 9
Estrogen receptor status
Negative 11 32
Positive 13 38
Not done/unknown 10 30

from the resected margin, and 1 had positive mar-
gins of resection, defined as microscopic involve-
ment at the resected margin on the histological
examination.

Following breast conserving surgery, a total
dose of 50 Gy in daily fractions of 2 Gy was deliv-
ered over 5 weeks to the whole breast via oppos-
ing tangential fields. We used a CT simulator (Shi-
madzu Corp. CT-S, Kyoto) to plan the tangential
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fields. We selected the beam energy for the tan-
gential fields according to the breast size: twenty-
seven unilateral breasts were treated with cobalt-
60 gamma rays, 1 with 4-MV photons, and 5 with
6-MV photons for the tangential fields. One breast
was irradiated with an en-face electron beam.
Seven patients with simultaneous breast cancer
were treated by matched midline technique with
bilateral tangential fields using the CT simulator
(Fig 2). On the other hand, we referred to the CT
simulation images of the first tumors to avoid field
overlapping when we determined the tangential
fields for the second tumors in the patients with
metachronous breast cancers (Fig 3). The prima-
ry site was boosted in the 7 patients with close or
positive surgical margins. This boost irradiation
comprised to a total dose of 10 Gy in 5 fractions of
electron beams through a field 6 to 8 cm in diame-
ter, including the tumor bed. The ipsilateral supra-
clavicular and ipsilateral internal mammary nodal
areas were not included in the target volume.

All patients received oral 5-fluorouracil (5-FU)

or its derivatives, and also received tamoxifen for
2 years after the operation, regardless of the axil-
lary node status or estrogen receptor (ER) status.

Fig 2. A case of simultaneous breast cancer: It is confirmed
that there is no overlap by the skin markings.

Fig 3. A case of metachronous breast cancer. (a) Radiation field for the first treatment. (b) Radiation field for the second treat-

ment. Identifying the first field by the skin reaction is impossible. (c) We could recognize the first field accurately with the use of

images from the previous CT simulation.
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The patients were periodically followed-up at our
clinic. They were examined every 3 to 6 months in
the first 2 years, and every 6 to 12 months there-
after according their pathological status. Loco-
regional recurrence, distant metastasis, complica-
tions and cosmetic outcomes were evaluated.

Results

Of 17 patients, 15 patients were irradiated with
matched tangential fields without overlapping, 1
patient was irradiated iwith matched tangential
fields with overlapping of 1.2 cm, and 1 patient
with a medially located metachronous tumor rece-
ived en-face electron beam alone because overlap-
ping with the previous field could not be avoided
with tangential field (Fig 4).

No patients were lost to follow-up. The median
follow-up period after each operation was 95
months. No patients showed loco-regional recur-
rence on either side or distant metastasis.

Regarding complications associated with treat-
ment, severe arm edema was observed in one
patient whose upper arms showed a 4 cm differ-
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Fig 4. Another case of metachronous breast cancer. (a) The
first field crossed the midline. (b) The second tumor existed in
the inner quadrant. Surgical clip shows the location of the
tumor bed. If we avoided overlapping with the previous field
using a tangential field, the tumor bed would not be included in
the field. (c) In this case, only the tumor bed was irradiated
with 9 MeV electron beams.

ence in circumference. One patient developed
moderate fibrosis at the site of overlapping, but
this did not affect cosmetic outcome. The patient
who was irradiated with overlapping of 1.2 cm did
not develop any skin or soft tissue complications.
In other cases, complications were none or slight.

We also evaluated cosmetic outcome using the
cosmetic score”. Six patients (35%) were scored as
excellent and 10 (59%) were scored as good. Only
one patient (6%) was graded fair because of unilat-
eral breast contracture.

Discussion

Although as many as 10% of the patients with
breast cancer may develop bilateral cancer® and
radiation therapy is essential to breast conserving
therapy, there is scant information on the techni-
cal aspects of such irradiation®®. To minimize late
damage to skin and soft tissue, overlapping of
bilateral tangential fields should be avoided. On
the other hand, maintaining good coverage of
breast tissue is important to minimize the risk of
intra-breast recurrence. In the patients with meta-
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chronous breast cancer patients, which account
for 2/3 of all bilateral cases, it is necessary to
reproduce the previous tangential field before
planning the contralateral tangential beam. In a
conventional X-ray simulator, it is almost impossi-
ble to reproduce the medial margin accurately.
Tattooing, which is commonly used in Western
countries and might be useful in such situations,
is seldom used in Japan. CT-simulation is quite
useful because the overlapping of bilateral tangen-
tial fields can be evaluated much more accurately
than conventional simulation, although there are
some limitations derived from the change of the
patient’s figure and the difference in positioning.
In patients with thick subcutaneous tissue at the
midline, or those with tumors located very near to
the midline, overlapping may be unavoidable
despite the use of a CT simulator. However, it is
still possible to explore the use of a CT for plan-
ning tangential fields for irradiation of metachro-
nous breast cancer patients.

Conclusion

This study demonstrated that BCT is feasible
for bilateral breast cancer and the CT simulator is
useful for determining the radiation field, especial-
ly when they are metachronous. It is helpful in
minimizing overlap of the radiation fields and pro-

vides the best possible treatment plan.
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Increased DNA Methyltransferase 1 (DNMT1) Protein
Expression Correlates Significantly with Poorer
Tumor Differentiation and Frequent DNA
Hypermethylation of Multiple CpG Islands in Gastric
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We evaluated the significance of aberrant DNA meth-
yltransferase 1 (DNMT1) protein expression during
gastric carcinogenesis. The protein expression of
DNMT1, Muc2, human gastric mucin, E-cadherin, and
proliferating cell nuclear antigen was examined im-
munohistochemically in gastric cancers and corre-
sponding noncancerous mucosae from 134 patients.
The DNA methylation status of the CpG islands of the
Ppl6, buman Mutl homologue 1 (PMLHI), E-cad-
berin , and thrombospondin-1 (THBS-1) genes and the
methylated in tumor (MINT)-1, -2, -12, and -31 clones
was examined by methylation-specific polymerase
chain reaction and combined bisulfite restriction en-
zyme analysis. Epstein-Barr virus (EBV) infection was
detected by in situ hybridization. Nuclear immunore-
activity for DNMT1 was not detected in any of the
noncancerous epithelia, except in proliferative zones
(positive internal control), but was found in 97 (72%)
of the gastric cancers. DNMT1 overexpression corre-
lated significantly with poorer tumor differentiation
(P < 0.001), but not with the phenotype (gastric type
versus intestinal type) of the cancer cells. It also cor-
related significantly with DNA hypermethylation of
the CpG islands of the bMLHI (P = 0.024) and THBS-1
genes (P = 0.043), and with the CpG island methyla-
tor phenotype in the gastric cancers (P = 0.007).
Reduced E-cadherin expression correlated signifi-
cantly with poorer tumor differentiation (P = 0.002),
DNA hypermethylation of the E-cadberin gene (P <
0.001) and DNMT1 overexpression (P = 0.014).
DNMT1 overexpression was also associated with EBV
infection (a potential etiological factor in gastric car-

cinogenesis) but not with the proliferative activity of
the cancer cells as indicated by the proliferating cell
nuclear antigen-labeling index. These results suggest
that DNMT1 overexpression may not be just a second-
ary effect of increased cancer cell proliferative activ-
ity, but may be associated with EBV infection and
other etiological factors during gastric carcinogene-
sis. Furthermore, DNMT1 may play a significant role
in the development of poorly differentiated gastric
cancers by inducing frequent DNA hypermethylation
of multiple CpG islands. (Am. J Pathol 2004,
164:689-699)

DNA methylation plays an important role in transcriptional
regulation and chromatin remodeling in mammalian
cells.” Both overall DNA hypomethylation and more re-
gional DNA hypermethylation have been well docu-
mented in various cancers.’ 8 Aberrant DNA methylation
may be involved in carcinogenesis as a result of 1) in-
creased gene mutagenicity because. of deamination of
5-methylcytosine to thymine; 2) a possible association of
aberrant DNA methylation with allelic loss; and 3) repres-
sion of gene transcription through methylation of CpG
islands in regulatory regions of specific genes, including
tumor-suppressor genes.’

To date, three enzymes, DNA methyliransferase 1
(DNMT1),° DNMT3a, and DNMT3b,' have been con-
firmed to possess DNMT activity. Of these, DNMT1 is the
major and best known. As DNMT 1 shows a preference for
hemimethylated rather than unmethylated substrates in
vifro,"* and targets replication foci by binding to prolifer-
ating cell nuclear antigen (PCNA),"® it seems to.be a
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maintenance form of DNMT that copies methylation pat-
terns after DNA replication. However, some workers have
proposed that DNMT1 possesses both maintenance and
de novo DNA methylation activity in vivo, regardless of its
in vitro substrate preference.®

Overexpression of DNMT1 has been detected in
several human cancers.'~'® With regard to gastric
cancer, we have reported that DNMT1 mRNA expres-
sion levels were significantly higher in cancer tissues
than in normal gastric mucosae.'® Moreover, during
this previous study, we found that increased DNMT1
mRNA expression correlated significantly with the CpG
island methylator phenotype (defined as frequent DNA
hypermethylation of C-type CpG islands that are meth-
ylated in a cancer-specific but not an age-dependent
manner'?) in gastric and colorectal cancers.'® How-
ever, most previous analyses concerning DNMT1 ex-
pression in human cancers have been performed at the
mRNA level. To our knowledge, DNMT1 protein expres-
sion in gastric cancers has never been reported. The

aim of this study was therefore to evaluate the signifi- .

cance of aberrant DNMT1 protein expression during
gastric carcinogenesis. Firstly, we searched for cotre-
lations between DNMT1 protein expression and the
clinicopathological features of gastric cancers. Sec-
ondly, to determine the targets of aberrantly expressed
DNMT1 during gastric carcinogenesis, we examined
the correlations between DNMT1 protein expression on
the one hand and the DNA methylation status of mul-
tiple C-type CpG islands and E-cadherin expression on
the other. Thirdly, to clarify the background behind
aberrant DNMT1 protein expression, we investigated
correlations with the proliferative activity of cancer
cells (as indicated by the PCNA-labeling index) and
with etiological factors that are believed to be involved
in gastric carcinogenesis, such as Helicobacter pylori'®
and Epstein-Barr virus (EBV) infection.™®

Materials and Methods

Patients and Tissue Samples

Cancerous tissues and corresponding noncancerous
mucosae were obtained from 134 patients with primary
gastric cancer. These patients underwent surgery at
the National Cancer Center Hospital, Tokyo, Japan,
between 1998 and 2002. They included 92 men and 42
women with a mean (= SD) age of 61 * 7 years (range,
45 to 83 years). None of the patients received any
preoperative treatment, such as radiation or chemo-
therapy. Based on histological examinations, the 134
tumors were classified as 23 well differentiated, 31
moderately differentiated, and 80 poorly differentiated
(including signet ring cell and mucinous carcinomas)
adenocarcinomas.

Immunohistochemistry.

Five-um-thick sections of formalin-fixed, paraffin-
embedded tissue specimens from all 134 patients

were deparaffinized and dehydrated. For antigen re-
trieval, the sections were heated for 10 minutes at
120°C in an autoclave. Nonspecific reactions were
blocked with 2% normal swine serum. All sections were
incubated with specific primary antibodies that recog-
nized DNMT1 (goat polyclonal antibody, sc-10219, di-
fution 1:1000; Santa Cruz Biotechnology, Santa Cruz,
CA), Muc2 (mouse monoclonal antibody, Ccp58, dilu-
tion 1:100; Novocastra, Newcastle-on-Tyne, UK), hu-
man gastric mucin (mouse monoclonal antibody,
45M1, dilution 1:50; Novocastra), E-cadherin (mouse
monoclonal antibody, HECD-1;2° dilution 1:500), PCNA
(mouse monoclonal antibody, p56720, dilution 1:200;
Transduction Laboratories, Lexington, KY) and H. pylori
(rabbit polyclonal antibody, B0471, dilution 1:20;
DAKO, - Glostrup, Denmark), respectively. We previ-
ously confirmed the specificity of the goat anti-human
DNMT1 polyclonal antibody by Western blotting anal-
ysis: an immunoreactive band of ~183.5 kd, cor-
responding to the molecular mass of DNMT1, was
detected in human cancer cells, but no nonspecific
bands were detected with this antibody.?" All primary
antibody incubations were conducted at 4°C overnight
and were followed by incubation with biotinylated sec-
ondary antibodies (anti-goat 1gG, anti-mouse igG, or
anti-rabbit IgG, dilution 1:200; Vector Laboratories,
Burlingame, CA) at room temperature for 30 minutes.
The sections were then treated with Vectastain Elite
ABC reagent (Vector Laboratories). 3.3'-Diaminoben-
zidine tetrahydrochloride was used as the chromogen.
All sections were counterstained with hematoxylin.

The gastric cancers were classified into three phe-
notypes according to previously described criteria:??
the gastric type (positive for human gastric mucin), the
intestinal type (positive for Muc?2), and the mixed type
(positive for both human gastric mucin and Muc2). For
the evaluations of DNMT1 and PCNA expression, nu-
clear immunoreactivity in the proliferative zones of non-
cancerous foveolar epithelia was used as a positive
internal control for all sections. Similarly, immunoreac-
tivity in the cell membranes of noncancerous foveolar
epithelia was used as a positive internal control for all
sections during the evaluation of E-cadherin expres-
sion. As a negative control, the primary antibodies
were omitted from the reaction sequence.

Methylation-Specific Polymerase Chain
Reaction (MSP) and Combined Bisulfite
Restriction Enzyme Analysis (COBRA)

High-molecular-weight DNA was extracted from 105
fresh paired samples of cancerous tissues and their
corresponding noncancerous mucosae by phenol-
chloroform extraction and dialysis. Bisulfite conversion
was performed using 1 g of genomic DNA and the
reagents provided in the CpGenome DNA modification
kit (Intergen, Purchase, NY). This process converts
unmethylated cytosine residues to uracil, whereas
methylated cytosine residues remain unchanged. The
DNA methylation status of the CpG islands of the p76,



MutL homologue 1 (hWMLH1), and E-cadherin genes was
determined by MSP. This technique is based on the
principle that the DNA sequences of methylated and
unmethylated genomic regions differ after bisulfite
conversion and can thus be distinguished by se-
quence-specific polymerase chain reaction (PCR)
primers.?® The bisulfite-modified DNA of the p76 gene
was amplified using the primer sets provided in the
CpG WIZ amplification kit (Intergen) and that of the
hMLH1%*and E-cadherin®® genes was amplified using
the previously described primers. The DNA methyl-
ation status of the thrombospondin-1 (THBS-1) gene
and the methylated in tumor (MINT)-1, -2, -12, and -31
clones was determined by COBRA.?® Bisulfite-
modified DNA was amplified by PCR using previously
described primers that were designed to amplify meth-
ylated and unmethylated genomic regions equally.’”
The amplified fragments were digested with restriction
enzymes that digest DNA only if the CpG sites in their
recognition sequences are methylated: Taqgl for the
THBS-1 gene and the MINT-1 and -2 clones, Maell for
the MINT-12 clone and BstU!l for the MINT-31 clone,
respectively. The reaction products were separated
electrophoretically on a 3% agarose gel and stained
with ethidium bromide. Signal intensities were mea-
sured using an image analyzer (model FMBIO-2;
Takara, Ohtsu, Japan).

In Situ Hybridization

Five-um-thick sections of formalin-fixed, paraffin-
embedded tissue specimens from all 134 patients
were deparaffinized, dehydrated, and predigested
with proteinase K. The sections were then hybridized
with a digoxigenin-labeled EBV encoding RNA (EBER)
1 oligonucleotide probe (EBV detection kit; Nichirei,
Tokyo, Japan) for 2 hours at 37°C. Anti-digoxigenin
antibody-alkaline phosphatase was used with a nitro
biue tetrazolium/5-bromo-4-chlgro-3-indolyl phosphate
substrate to detect the EBER1 signal. Positive control
specimens were provided by the manufacture. As a
negative control, the EBER1 probe was omitted from
the reaction sequence.

Statjstics

Correlations between the incidence of DNMT1 immuno-
reactivity and variables including clinicopathological pa-
rameters, the DNA methylation status of CpG islands,
E-cadherin expression, and H. pylori and EBV infection
were analyzed using the chi-square test. Correlations
between the PCNA-labeling index and clinicopathologi-
cal parameters or DNMT1 immunoreactivity were ana-
lyzed using the Mann-Whitney U-test or the Kruskal-Wal-
lis test. Differences with P values <0.05 were considered
significant. '
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Results

Clinicopathological Significance of DNMT1
Protein Overexpression in Gastric Cancers

Immunoreactivity for DNMT1 was detected in the nuclei,
but not in the cytoplasm or cell membranes, of cells in the
proliferating zones of foveolar epithelia, lymphocytes,
and cancer cells (Figure 1). To discriminate definitely
positive cases from cases with leaky background level
signal, if more than 30% of the cells in a tissue sample
exhibited nuclear staining the sample was considered to
show positive immunoreactivity. None (0%) of the 134
noncancerous epithelia exhibited DNMT1 immunore-
activity (except in the proliferative zones, which acted
as the positive internal control for the analysis),
whereas 97 (72%) of the 134 gastric cancers were
DNMT1-positive.

Correlations between the incidence of nuclear im-
munoreactivity for DNMT1 and the clinicopathological
features of the gastric cancers are shown in Table 1.
DNMT1 protein overexpression was significantly asso-
ciated with the degree of histological differentiation
(P < 0.001).

Next, we evaluated cellular phenotypes based on im-
munohistochemistry for Muc2 and human gastric mucin,
as shown in Figure 2. Fifty (37%) of the cancers showed
a gastric phenotype, 34 (26%) showed an intestinal phe-
notype, and a further 50 (37%) showed a mixed cellular
phenotype. There was no significant correlation between
DNMT1 protein overexpression and the cellular pheno-
types.

We then focused on the histological features of the
noncancerous mucosae, as intestinal metaplasia is
considered to be a precancerous lesion for adenocar-
cinomas with an intestinal phenotype. There was no
significant correlation between DNMT1 protein overex-
pression in the gastric cancers and the presence or ab-
sence (or, if present, the degree) of intestinal metaplasia in
the corresponding noncancerous mucosae (data not
shown).

DNMT1 protein overexpression was not significantly
associated with other parameters relating to cancer ag-
gressiveness, such as the depth of invasion, vascular
involvement, or lymph node metastasis.

Correlation between DNMT1 Protein
Overexpression and the DNA Methylation
Status of Multiple CpG Islands

Figure 3 shows examples of the PCR products from
MSP and COBRA. The incidence of DNA methylation of
the C-type CpG islands of each of the genes and MINT
clones tested in the noncancerous mucosae and gas-
tric cancers is summarized in Table 2. DNA methylation
of at least one C-type CpG island was seen in 50 (48%)
of the 105 noncancerous mucosae and 83 (80%) of the
105 gastric cancers examined. For all patients showing
DNA methylation of a certain CpG island in both their
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noncancerous mucosa and cancet, the signal intensity
of the reaction products reflecting the presence of
methylated DNA was increased in the cancer com-
pared with the corresponding noncancerous mucosa
(Figure 3A). The DNA methylation status of each C-
type CpG island in the gastric cancers is shown in
Figure 4. When DNA hypermethylation was seen on
three or more C-type CpG islands, we regarded the
patient as being CpG island methylator phenoctype

Figure 1. Immunohistochemical examination using anti-human DNMT1
goat polyclonal antibody. In the noncancerous mucosal sample from patient
S121 (A), only the proliferative zones of the foveolar epithelia showed
nuclear immunoreactivity for DNMT1, whereas the other epithelial cells did
not. Although most cancer cells in a well-differentiated adenocarcinoma from
patient $91 lacked nuclear immunoreactivity for DNMT1 (B), the moderately
differentiated adenocarcinoma from patient $115 (C) and the poorly differ-
entiated adenocarcinoma from patient S130 (D) showed strong nuclear
immunoreactivity. Original magnifications: X180 (A); X360 (B-D).

(CIMP)-positive, based on previously described criteria.’”
Twenty-five (24%) of the 105 gastric cancers were consid-
ered CIMP-positive. Furthermore, there were significant cor-
relations between DNMT1 protein overexpression and DNA
hypermethylation of each CpG island of the AMLHT (P =
0.024) and THBS-1 (P = 0.043) genes in the gastric can-
cers (Table 3). There was also a significant correlation be-
tween DNMT1 protein overexpression and CIMP for the
gastric cancer tissues (P = 0.007, Table 3).
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Table 1. DNMT1 Protein Expression and the PCNA-Labeling Index in the Gastric Cancers
DNMT-1 positive

PCNA-labeling index

Variables Analyzed [number of cases (%)] Pt [mean = SD (%)] P
Tumor differentiation
Well differentiated 23 7 (30%) <.001 62 = 25 0.165%
Moderately differentiated 31 18 (58%) 64 + 17
Poorly differentiated 80 72 (90%) 58 £ 27
Phenotype*
Gastric type 50 38 (76%) 0.137 60 % 29 0.793%
Intestinal type 34 21(62%) 57 £ 29
Mixed type 50 34 (68%) 62 = 23
Depth of invasion
Mucosa/submucosa 38 28 (74%) 0.423 56 * 32 0.125%
Muscularis propria/subserosa 11 6 (55%) 70 = 18
Serosa 85 63 (74%) 60 + 24
Vascular involvement :
Negative 55 ' 41 (75%) '0.494 56 + 30 0.533%
Positive 79 56 (71%) 63 = 23
Lymphnode metastasis
Negative ) 81 60 (74%) 0.931 59 = 27 0.4658
Positive 53 37 (70%) 61+ 26
*Cellular phenotypes are defined as described in the Materials and Methods section.
tChi-square test, *Kruskal-Wallis test. SMann-Whitney U-test.
S24T SN S104T  S104N

AWMU WMUWMU WML O

S16T S16N S37T 837N

DNDNDNDN

S8T_ SBN S80T S8ON
D ODNDNDNDN

21 5 e
. -
& D]

S7T S7N $64T S64N

_SBT S8N_ S80T S8ON
F DNDNDNDN

) GDNDNDNDN ®p)

=3 53 %0
C=d 300
- 300 200
g (4 100 100
B 1 50 50

3T SaN_S67T S67N
HDNDNDNDN

Figure 3. Examples of PCR products from DNA methylation analyses of
multiple CpG islands in patients with gastric cancer (S). N, noncancerous
mucosae; T, cancer tissue. The DNA methylation status of the CpG islands of
the p16 (A), hMLHI (B), and E-cadberin (C) genes was evaluated by MSP.
In this analysis, the PCR products generated by primer sets M and U reflect
the presence of methylated and unmethylated genes, respectively. Primer set
W was used to. confirm the completeness of the bisulfite modification. A:
Methylated gene was detected in S24N, but the signal intensity of the M

Figure 2. Immunohistochemical examination using anti-human gastric mu-
cin (A) and Muc2 (B) mouse monoclonal antibodies. A: An adenocarcinoma
with a gastric phenotype and noncancerous foveolar epithelia (*) from
patient S19. Both showed strong cytoplasmic immunoreactivity for human
gastric mucin. B: An adenocarcinoma with an intestinal phenotype from
patient S78, showing strong cytoplasmic immunoreactivity for Muc2. Original
magnifications, X360.

fragment was markedly increased in S24T compared with S24N. This indi-
cates that a greater number of cells had undergone DNA hypermethylation in
T than in N, although N can contain precursor cells for cancers and/or
precancerous lesions. DNA methylation of the CpG islands of the 7HBS-1 (D)
gene and the MINT-1, -2, -12, and -31 clones (E, F, G, and H, respectively)
was evaluated by COBRA. In this analysis, only methylated genes (arrows)

Swere digested by the restriction enzymes.
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Table 2. The DNA Methylation Status of the C-Type CpG Islands of Various Genes and Clones in Noncancerous Mucosae and

Gastric Cancers

Number of tissue samples (%)

Noncancerous mucosae

Gastric cancers

CpG islands Analyzed DNA hypermethylation detected Analyzed - DNA hypermethylation detected
pi6 104 18 (17) 103 23 (22)
hMLH1 105 15 (14) 105 18 (17)
THBS-1 105 2(2) 104 25 (24)
MINTH 105 23 (22) 105 39 (37)
MINT2 105 1(1) 105 26 (25)
MINT12 104 6 (6) 104 18 (17)
MINT31 105 0 (0) 105 10 (10)

Correlation between DNMT1 Protein
Overexpression and Reduced E-Cadherin
Expression

E-cadherin was detected in the cell membranes of epi-
thelia from all (100%) of the 134 noncancerous mucosae.
However, E-cadherin protein expression was considered
to be reduced when more than 50% of the gastric cancer
cells in a particular patient’'s sample lacked or showed
only slight membranous E-cadherin immunoreactivity.
Reduced E-cadherin expression was observed in 59
(44%) of the 134 gastric cancers (Figure 5). The inci-
dence of reduced E-cadherin expression was 22% in
well, 23% in moderately, and 59% in poorly differentiated
adenocarcinomas, respectively, and reduced E-cadherin
expression was significantly associated with pocrer tu-
mor differentiation (P = 0.002). DNA methylation of CpG
island of the E-cadherin gene was seen in 20 (19%) of the
105 gastric cancers examined (Figure 3C) and there was
a significant correlation between DNA hypermethylation
of CpG island of the E-cadherin gene and reduced E-
cadherin expression in the gastric cancers (P < 0.001).
Furthermore, there was a significant correlation between
DNMT1 protein overexpression and reduced E-cadherin
expression in gastric cancers (P = 0.014, Table 3). In
fact, coincidence of nuclear immunoreactivity of DNMT1
and lack of membrane immunoreactivity of E-cadherin
was frequently observed in individual cancer cells.

DNMT1 Protein Expression and the PCNA-
Labeling Index

Examples of the results of immunohistochemistry for
PCNA are shown in Figure 6. To evaluate the PCNA-
labeling index, ~300 cells per specimen were examined
at a magnification of X400 under a microscope and the
cells that did and did not show nuclear immunoreactivity
for PCNA were counted. The PCNA-labeling index was
expressed as the percentage of the total cells that
showed nuclear immunoreactivity. The PCNA-labeling in-
dex was increased even in well-differentiated adenocar-
cinomas, in which the incidence of overexpression of
DNMT1 protein was still low (Table 1), and coincidence of
nuclear immunoreactivity of PCNA and lack of nuclear
immunoreactivity of DNMT1 was frequently observed in
individual well-differentiated cancer cells. Thus, DNMT1

protein overexpression was not significantly associated
with the PCNA-labeling index in the gastric cancers (P =
0.309, Figure 7).

Correlation between DNMTT1 Protein
Overexpression and Etiological Factors

To understand the background behind DNMT1 protein
overexpression, etiological factors considered to be in-
volved in gastric carcinogenesis were examined. Al-
though 44 (46%) of the 96 patients examined showed H.
pylori infection in their noncancerous mucosae, there was
no significant correlation between H. pylori infection and
DNMT1 protein overexpression (P = 0.113). Similarly,
there was no correlation between H. pylori infection and
CIMP (P = 0.1486). The incidence of EBV infection was
examined by in situ hybridization in the same cohort (Fig-
ure 8). Four patients (4%) had EBV infection in their
cancer cells, and all four of these cancers showed
DNMT1 protein overexpression. Furthermore, EBV infec-
tion was significantly associated with DNA hypermethyl-
ation of five or more C-type CpG islands (P < 0.001).

Discussion

We believe that this is the first report describing immu-
nohistochemical examination for DNMT1 protein in gas-
tric cancers. We have previously reported an increase in
DNMT1 mRNA expression levels in gastric cancers com-
pared with corresponding noncancerous mucosae.’® In
the present study, we showed that DNMT1 expression
was also increased at the protein level in gastric cancers,
suggesting that DNMT1 overexpression has some signif-
icance during gastric carcinogenesis. DNMT1 protein
overexpression showed no significant correlations with
either the cellular phenotype (gastric type versus intesti-
nal type) or the presence, absence, or degree of intesti-
nal metaplasia (a precancerous lesion for adenocarcino-
mas with an intestinal phenotype) in corresponding
noncancerous mucosae, suggesting that DNMT1 protein
overexpression is associated with gastric carcinogenesis
regardless of the cellular origin or phenotype. Our results
also suggest that DNMT1 may patrticularly affect the
stage of development at which cancers begin to show
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Figure 4. Protein expression of DNMT1 and DNA methylation profiles for
seven C-type CpG islands in 105 gastric cancers. The DNA methylation status
was examined using MSP or COBRA (see Figure 3). Patient numbers are
indicated on the vertical columns and the seven CpG islands are indicated
on the top row. +, DNMT1 protein overexpression-positive; —, DNMT1
protein overexpression-negative; solid box, methylated; open box, un-
methylated; ND, not done. When DNA hypermethylation was seen in three
or more CpG islands, the patient was regarded as being CIMP-positive.

poorer differentiation. However, in a previous study, over-
expression was detected even in precancerous condi-
tions when we used quantitative reverse transcriptase-
PCR analysis to examine DNMT1 mRNA expression
levels in a cohort with hepatocellular carcinomas
(HCCs)."® Although there appears to be a discrepancy
between the previous and present findings, when the
same cohort was examined by immunohistochemistry
protein overexpression was not detected in precancer-
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Table 3. Correlations between DNMT1 Protein
Overexpression and the DNA Methylation Status of
Each C-Type CpG Island, CIMP and E-Cadherin
Protein Expression in Gastric Cancers

DNMT1 expression
(number of tissue

samples)
Positive  Negative P*
CpG islands
pi6
Methylated 13 3 0.361
Unmethylated 56 24
hMLH1
Methylated 20 2 0.024
Unmethylated 49 25 -
THBS-1
Methylated 18 2 0.043
Unmethylated 51 25
MINTA
Methylated 28 6 0.091
Unmethylated 41 21
MINT2
Methylated 18 4 0.237
Unmethylated 51 23
MINT12
Methylated 13 3 0.361
Unmethylated 56 24
MINT31
Methylated 10 0 0.503
Unmethylated 59 27
CimP
Positive 10 1 0.007
Negative 59 26
E-cadherin expression
Maintained 48 27 0.014
Reduced - 49 10

* Chi-square test. Reduced: over 50% of the cancer cells in a
particular patient's sample lacked or showed only slight E-cadherin
immunoreactivity.

ous conditions but only in moderately or poorly differen-
tiated HCCs.2" This may be attributable to methodologi-
cal differences: quantitative reverse transcriptase-PCR is
so sensitive that it can detect small elevations in DNMT1
mRNA levels in precancerous conditions, whereas immu-
nohistochemistry cannot detect such elevations until pro-
tein expression reaches a certain level in more malignant
HCCs.?" By analogy with hepatocarcinogenesis, we can-
not rule out the possibility that a small elevation in DNMT1
expression had already occurred in the earlier stages of
gastric carcinogenesis, before the DNMT1 expression
level reached the threshold of detection for the immuno-
histochemical methods used.

Regional DNA hypermethylation of CpG islands was
detected even in noncancerous mucosae, which can
contain precursor cells for cancers and/or precancerous
lesions, such as intestinal metaplasia. However, the inci-
dence and degree of DNA hypermethylation was in-
creased in the gastric cancers compared with the non-
cancerous mucosae. These data are consistent with
previous findings in.precancerous conditions and can-
cers of various organs.®® Twenty-four percent of the
gastric cancers were CIMP-positive, confirming that ab-
errant DNA methylation is associated with the multistage
development of certain subgroups of gastric cancers.
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Figure 5. Immunohistochemical examination using the anti-human E-cad-
herin mouse monoclonal antibody HECD-1. Although the well-differentiated
adenocarcinoma from patient $31 maintained strong E-cadherin immunore-
activity at the cell-cell borders (A), E-cadherin expression was reduced in the

_ poorly differentiated adenocarcinoma from patient S64 (B). Original magni-
fications, X360.

Targeting of the substrate DNA by DNMT1 may be dis-
rupted by mechanisms such as dysfunction of
p21WAF1,28 which competes with DNMT1 for binding to
PCNA, in cancer cells.™ Moreover, it has recently been
suggested that DNMT1 is capable of de novo methylating
activity as well as having a maintenance function.'®
Therefore, it is feasible that, in cancers, DNMT1 partici-
pates in the DNA hypermethylation of CpG islands that
are not methylated in normal cells. We have previously
reported that DNMT1 mRNA overexpression correlates
significantly with CIMP in gastric and colorectal can-
cers.'® In the present study, we demonstrated a signifi-
cant correlation between DNMT 1 expression and CIMP in
gastric cancers, even at the protein level. Moreover,
among the C-type CpG islands examined, those of the
hMLH1 and THBS-1 genes may be particularly targeted
by overexpressed DNMT1. This is compatible with previ-

N m"
& b
- k=
Figure 6. Immunohistochemical examination using anti-human PCNA
mouse monoclonal antibody. A: A well-differentiated adenocarcinoma from

patient §125. B: A poorly differentiated adenocarcinoma from patient $30.
Original magnifications, X360.
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PCNA labeling index

Positive (n=97) Negative (n=37)
DNMT1 protein expression

Figure 7. Average PCNA-labeling indices in DNMT1 protein overexpres-
sion-positive (# = 97) and -negative (1 = 37) gastric cancers. Error bar, SD
DNMT1 protein overexpression was not significantly associated with the
PCNA-labeling index in the gastric cancers (P = 0.309, Mann-Whitney U
test).



Figure 8. In situ hybridization investigation for EBV infection using the
EBER1 oligonucleotide probe. A poorly differentiated adenocarcinoma from
patient 545, showing diffuse positivity in the nuclei. Original magnification,
X180.

ous reports that silencing of the hAMLHT gene results in
frequent microsatellite instability in gastric cancers.*”#®

E-cadherin is one of the most important molecules
involved in intracellular adhesion and cancer morpho-
genesis.?® In addition to the development of muta-
tions, %92 it has become apparent that the E-cadherin
gene can be silenced by DNA hypermethylation around
its promoter regions in gastric cancers.®3®* Indeed, re-
duced E-cadherin protein expression associated with
DNA hypermethylation around the promoter region of the
E-cadherin gene was significantly correlated with poorer
glandular differentiation of the cancers examined in this
study. We showed a significant correlation between
DNMTH protein overexpression and reduced E-cadherin
protein expression in gastric cancers, indicating that the
E-cadherin gene may also be a target of overexpressed
DNMTT.

Although DNMT1 is a major DNMT in humans, so far
two other enzymes, DNMT3a and DNMT3b, have also
been shown to possess DNMT activity.” Genomic meth-
ylation patterns may be established through cooperation
among these three DNMTs, even in cancer cells.’® More-

“over, it may be that unknown co-factors potently target
these DNMTs to unmethylated substrates in a sequence-
specific manner in cancers. Thus, DNMT1 overexpres-
sion alone may not explain regional DNA hypermethyl-
ation in cancers. Further studies on the cooperation
between DNMT1 and other components of the DNA
methylation machinery in tissue specimens may further
our understanding of the basis of regional DNA hyper-
methylation during gastric carcinogenesis. Although the
degree of DNA hypermethylation in noncancerous muco-
sae seemed slight, DNA methylation of CpG islands ac-
tually occurred in a considerable number of noncancer-
ous mucosae that can contain precursor cells for cancer.
However, DNMT1. overexpression was not detected im-
munohistochemically in noncancerous mucosae except
for proliferative zones, in which DNMT1 performs main-
tenance methylation at the replication foci. The protein
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expression levels of DNMT1 in noncancerous mucosae
may not reach the threshold that can be detected by the
present immunchistochemical method, even though it

. promotes slight DNA hypermethylation. Otherwise, slight

DNA hypermethylation in noncahcerous mucosae may
be attributable to alterations in components of the DNA
methylation machinery other than DNMT1. Although fre-
guent regional DNA hypermethylation has been reported
in gastric type tumors,®® DNMT1 protein expression was
not different between gastric and intestinal phenotypes in
the present study. We assume again that unknown com-
ponents of the DNA methylation machinery may potently
target DNMT1 to substrate DNA, or that DNMTs other
than DNMT1 may also participate in regional DNA hyper-
methylation in cancers showing gastric phenotype.

On the other hand, the overall 5-methylcytosine level is
lower in cancer tissues than in normal tissues.” In com-
mon with the previously reported immunohistochemical
findings for DNMT1 in colorectal cancers® and HCCs,?!
some cancer cells exhibited very weak or no DNMT1
immunoreactivity, even in a gastric cancer that was con-
sidered DNMT1-positive according to the criteria de-
scribed in the Materials and Methods section. Cancer
cells with low DNMT1 levels may be prone to overall DNA
hypomethylation.

An initial increase in DNMT1 mRNA expression in co-
lon cancers became far more modest when the expres-
sion level was normalized according to that of a cell
proliferation marker.3” DNMT1 mRNA is expressed
mainly during the S-phase and, because tumor tissue is
presumed to contain a greater proportion of dividing cells
than normal tissue, some debate has arisen as to whether
increased DNMT1 expression is because of an increase
in the proportion of dividing cells or to an acute increase
in DNMT1 expression per individual cell. This continuing
discussion prompted us to compare DMNT1 immunore-
activity and the PCNA-labeling index in gastric cancers.
In the present study, DNMT1 protein overexpression was
not significantly associated with increased proliferative
activity of gastric cancer cells; we have previously ob-
served a similar discrepancy between DNMT1 expres-
sion and cell proliferative activity in precancerous condi-
tions for urinary bladder carcinomas®® and in certain
subgroups of HCCs.2' These findings suggest that
DNMT1 protein overexpression does not result entirely
from increased numbers of dividing cells during carcino-
genesis.

Finally, we focused on etiological factors believed to
be involved in gastric carcinogenesis to clarify the back-
ground behind DNMT1 protein overexpression. Although
DNMT1 protein overexpression was not significantly as-
sociated with the incidence of H. pylori infection in corre-
sponding noncancerous mucosae, all four of the EBV-
positive cancers showed DNMT1 protein overexpression.
EBV infection was significantly associated with the DNA
hypermethylation of five or more C-type CpG islands, in
accordance with a previous report that the average num-
ber of methylated Cp@G islands was higher in EBV-posi-
tive gastric cancers than in EBV-negative ones.®® These
observations indicate that DNMT1 may play an important
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role in EBV-related gastric carcinogenesis via aberrant
DNA methylation. Although it has previously been re-
ported that transfection of latent membrane protein-1 of
EBV induces the expression and activity of DNMT1,4°
latent membrane protein-1 is not typically expressed in
EBV-associated gastric cancers.*? Although the molecu-

lar

mechanism governing how EBV infection results in

overexpression of DNMT1 protein requires further eluci-
dation, and our present findings must be interpreted with
caution because of the small number of EBV-positive
gastric cancers studied, EBV infection and other etiolog-
ical factors may be associated with DNMT1 overexpres-
sion and contribute toward gastric carcinogenesis by
inducing frequent DNA hypermethylation of multiple CpG
islands.
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Epidemiology and incidence statistics

Gastric cancer is the second most common cancer in the world
(Ferlay et al., 2001). It is unique in that its time trend and geo-
graphical distribution are very informative in estimating its risk
factors. In the US, the crude mortality rate in Caucasian males
was 33/100,000 in the early 20" century, and this declined to
:5/100,000 in the late 201 century. The declining trend is world-
wide, and the decline began earlier in developed countries.
However, even among them, mortality is still high in Korea
(43/100,000), Russia (35/100,000), Japan (31/100,000), and
Portugal (22/100,000). The age-adjusted incidence reaches as
high as 70/100,000 in Korean and Japanese males. The male to
female ratio is consistently two to one in many geographical
regions. '

The decline took place following the popularization of refrig-
erators, which resulted in a decreased intake of salt and an
increased intake of fruit and vegetables (Palli, 2000; Potter et
al., 1997). The preventive effects of fruit and vegetables are
consistently confirmed by many epidemiological studies. Most
epidemiological studies have shown the promoting effect of salt
and the preventive effect of vitamin C. The effects of salt were
also shown by animal experiments. Some epidemiological stud-
ies suggest that consumption of grilled meat/fish increases the
risk, and that the consumption of carotenoids and green tea
reduce the risk. Epidemiological data linking N-nitrosamines to
gastric cancers have so far been inconclusive, although their
carcinogenicity at high doses is proven.

Infection by Helicobacter pylori is prevalent in areas with
high incidences of gastric cancers, and increases the risk of
gastric cancer. However, in some Asian countries, such as India
and Thailand, incidences of gastric cancers are not high in spite
of the high H. pyloriinfection rates, a phenomenon known as the
“Asian Enigma” (Miwa et al., 2002). Possible explanations for
this include host genetic factors, different virulence among
strains of H. pylori, and dietary factors. Polymorphisms of proin-
flammatory cytokine genes have been shown to associate with
risk of H. pylori-related gastric cancers (El-Omar et al., 2000).

Animal models

A rat model for gastric cancers induced by a chemical carcino-
gen, N-methyl-N=nitro-N-nitrosoguanidine, has been widely
used for a variety of purposes, such as evaluation of various
promoting and preventing factors and clarification of genes
involved in genetic susceptibility. (Yamashita et al., 2002). A
model in which H. pylori could infect an animal was established
using Mongolian gerbils, which contributed to clarification of the
strong promoting effect of H. pylori (Shimizu et al., 1999).

In addition, there have been more than 10 lines of genetical-
ly modified mice that show hyperplasia of the gastric epithelium
and/or intestinal metaplasia (Gut et al., 2002). These mouse
models were created by targeting genes involved in ion trans-

port, signal transduction, transcriptional regulation, and cell
adhesion. Development of gastric cancers was observed in
mice lacking the pS2 trefoil protein, those lacking Smad4/Dpc4,
those lacking the SHP2 binding site on the 1I-6 family corepres-
sor gp130, and those lacking RUNX3 (Judd et al., 2004;
Lefebvre et al., 1996; Xu et al., 2000; Li et al., 2002).

Disease mechanism and molecular targets
Histological classification and gastriclintestinal
phenotypes
Histological classification of gastric cancers is different between
Japan and Western countries. Generally, “differentiated” and
“undifferentiated” types in Japanese classification correspond
to “intestinal” and “diffuse” types, respectively, in the Western
classification established by Lauren. It has been considered
that intestinal-type gastric cancers are associated with intesti-
nal metaplasia, whereas diffuse-type gastric cancers are origi-
nated from gastric mucosa proper. Recent analysis of gastric
and intestinal phenotypes in early gastric cancers has shown
that cancer cells with gastric phenotypes were present in both
intestinal and diffuse types of gastric cancer. Furthermore, phe-
notypic expression in gastric cancer cells was shown to be inde-
pendent of phenotypic changes in the surrounding gastric
mucosa (Tatematsu et al., 2003).
Gastric cancer predisposition ,
Germline mutations of E-cadherin were first found in a large
family from New Zealand in which diffuse-type gastric cancers
took place at an early age (Guilford et al., 1998). Although E-
cadherin germline mutations are very rare, the finding provided
to be useful information for clinicians to manage high-risk
patients. Gastric cancers, mainly of the intestinal type, can be
associated with hereditary nonpolyposis colorectal cancer
(HNPCC) syndrome, most cases of which are caused by
germline mutations of mismatch repair genes hAMLH1 or
hMSHZ2, and are more prominently manifested in older genera-
tions of HNPCC patients. Patients with familial adenomatous
polyposis, which is caused by germline mutations of APC, and
Peutz-Jeghers syndrome also have increased risk for gastric
cancer (Oberhuber and Stolte, 2000).
Molecular alterations in gastric cancer
Many genes have been analyzed in attempts to understand the
molecular bases for human gastric cancers, but only a few with
frequent alterations have been identified (Table 1). Oncogenic
activations of B-catenin (17%—27% in intestinal type) and K-ras
(0%—-18% in both histological types) have been found in human
gastric cancers (Lee et al., 2002; Park et al., 1999). In addition,
amplifications of the c-erbB2 and the c-met genes have each
been found in approximately 10% of both histological types.

As for tumor-suppressor genes, p53 mutations are repeat-
edly reported in gastric cancers of the diffuse type (0%—21%)
and intestinal type (36%—43%) (Maesawa et al, 1995).
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Table 1. Histology and genetic alterations of gastric cancers

Diffuse type (%) Intestinal type (%)

Oncogene activation

g-catenin 0 17-27
K-ras 0-6 0-18
c-erbB2 12-13 12-13
Inactivation of tumor suppressor genes
P53 0-21 36-43
APC ) 0-5 0
E-cadherin
Mutation 33-50 0
Methylation 79 55
plé
Mutation 0 ' 0
Methylation 1= 50*
Microsatellite instability 5-32 23-41

*Incidences are overestimated due to analysis of CpG islands in exons.

Mutations of the- APC tumor suppressor gene are found fre-
quently in gastric adenomas, but only rarely in gastric cancers;
this is clearly different from the similar frequencies of APC
mutations in colorectal adenomas and carcinomas (Lee et al.,
2002; Maesawa et al., 1995). Somatic mutations of E-cadherin
are observed specifically in sporadic diffuse-type gastric can-
cers (33%—50%) (Becker et al., 1994). RUNX3 was recently
shown to be a tumor-suppressor gene of gastric cancers,
although its mutations were rare (Li et al., 2002).

Microsatellite instability (MSI) is observed in 5%—10% of dif-

fuse-type gastric cancers and in 15%-40% of intestinal-type
gastric cancers. The major mechanism for the MSI in gastric
cancer is inactivation of the mismatch repair gene hMLH1
resulting from hypermethylation of its promoter (Fang et al.,
2003). Similarly, mutation of the p76 gene is infrequent, but
hypermethylation of p76is common (25%-42% overall) in gas-
tric cancer, with the intestinal type having higher incidence
(Ding et al., 2003; Oue et al., 2002).

Factors that induce molecular alterations

Although hMLH1 and p16 can be inactivated in gastric cancers
by mutations or by promoter hypermethylation, inactivation by
methylation is much more frequent than mutation in sporadic
gastric cancers. The second hit in E-cadherin germline mutation
carriers is also generally due to methylation (Machado et al,,
2001). A genome-wide scan for aberrant methylations revealed
silencing of nine genes in gastric cancers (Kaneda et al., 2002).
Even in noncancerous gastric mucosae (Waki et al., 2002),
aberrant methylation can be present. These findings suggest
that aberrant methylation is deeply involved in gastric carcino-
genesis, and aberrant methylation seems to be useful as a new
target for diagnostics and prevention of gastric cancers.

The presence of Epstein-Barr virus (EBV) is observed in
7%—20% of gastric cancers, being slightly more frequent in dif-
fuse-type gastric cancers. EBV is clonal in cancer tissue, and is
maintained as a plasmid. EBV has been shown to extend cell
generations of gastric epithelial cells in in vitro cell culture, but it
cannot immortalize them (Takada, 2000). Recently, EBV-associ-
ated gastric cancers were shown to be more frequently
associated with promoter methylation of p76 (Kang et al., 2002).

There has been discussion about whether intestinal meta-
plasia (IM) is a precancerous lesion for gastric cancers.
Although gastric cancers are frequently accompanied by IM, no
molecular alterations that cause both M and gastric cancers

have been identified. It is thus more likely that factors that
induce molecular alterations for IM, such as H. pylori infection
(Uemura et al., 2001), also induce molecular alterations for gas-
tric cancers. ‘

Diagnosis of gastric cancers

"~ Most patients with gastric cancer are diagnosed when they

undergo endoscopy and biopsy after exhibiting symptoms. In
Japan, about 25% of patients are diagnosed by mass screening
or a personal health check (Japanese National Gastric Cancer
Registry). In high-risk areas of this disease, the most important
issue is the education of general practitioners and the public to
make them aware of the risk of this cancer. Early diagnosis
used o be made by a barium meal study, especially in mass
screening in Japan (Oshima, 1997). Endoscopy is being used
more and more for secondary prevention in combination with a
serum test of pepsinogen subtypes. However, there is a con-
sensus that the efficacy of mass screening itself should be
reevaluated (Tsubono and Hisamichi, 2000).

At an early phase of development, a well-differentiated car-
cinoma (WDC) replaces the mucosa of atrophic gastritis or IM
without showing any invasion. As tumors progress, they start to
invade the lamina propria mucosae or the muscularis mucosae,
then the submucosal layer. As these invasive parts are often
missed by biopsy, the lesions are often diagnosed as dysplasia.
Thus, many lesions initially diagnosed as severe dysplasia
turned out to be an invasive cancer, sometimes invading even
the muscularis propria, after histological evaluation of resected
materials (Fertitta et al., 1993). '
Diagnostic criteria for early gastric cancers and
endoscopic mucosal resection
Diagnostic criteria of WDC differs to some extent between the
West and the East (Schlemper et al., 1997). In Western coun-
tries, the diagnosis of adenocarcinoma is made only when
pathologists can recognize the evidence of invasion, while the
term cancer is used in the East when cellular or structural atyp-
ia is evident, even without evidence of invasion. WHO classifica-
tion now clearly states that the lesions called severe
dysplasia/adenoma in the West are the same as noninvasive
mucosal carcinoma in the East, and this is a result of patholo-
gists’ mutual communication and cooperation (Fenoglio-Preiser
et al., 1997). The Western policy runs the risk of overlooking
true cancers, but the Eastern policy may induce overtreatment.
However, as the result of the development of the technique of
endoscopic mucosal resection (EMR), the majority of such
lesions are now treated endoscopically in Japan (Ono et al.,
2001). Thus, paradoxically, “severe dysplasia” is often treated by
surgery in the West, and “noninvasive mucosal carcinoma” is
treated by EMR. This treatment can be applied exclusively to
mucosal cancer, for which endoscopic ultrasound (EUS) is
sometimes helpful. Because the histology of the entire speci-
men resected using EMR can be examined in detail, additional
surgery can be applied without much delay if a patient’s tumor is
found to have submucosal invasion. Because of these potential

. advantages, distribution- of the EMR technigue to the West is

urgently needed.

Metastases and their diagnosis

Gastric cancer remains a localized disease for a long time and
metastasizes slowly. Table 2 shows the incidence of metastasis
to lymph nodes, the liver, and the peritoneum according to
tumor depth. Metastasis to sites other than these three sites is
rare. Systemic metastasis seldom occurs until the late phase of
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Table 2. Incidence of metos’rasfs and five-year survival rates by tumor size and depth

Incidence (%)

Depth Number of cases LN metastasis Liver metastasis Peritoneal metastasis Five-year survival rate (%)
pT1 M 1063 3.3 0.0 0.0 93.3

SM 881 17.4 0.1 0.0 88.9
pT2 MP 436 46.4 1.1 0.5 81.3

SS 325 63.7 3.4 22 65.8
pT3 SE 1232 78.9 6.3 17.8 35.5
pT4 Sl 724 89.8 15.5 41.6 10.1
Overall 4683 47.8 4.5 11.5 60.3

Patients operated on between 1972-1991 at National Cancer Center Hospital, including exploratory laparotomy. pT1: pathologically confirmed tumor inva-
sion of mucosa and/or muscularis mucosa (M) or submucosa (SM). pT2: pathologically confirmed tumor invasion of muscularis propria (MP) or subserosa
(SS). pT3: pathologically confirmed tumor penetration of serosa (SE). pT4: pathologically confirmed tumor invasion of adjacent structures (Sl).

local invasion (T3/4). By deeper invasion, nodal metastasis
occurs more massively and to more distant areas. Nearly 20%
of T2 tumors have metastasis at the second tier nodes.
Systemic and local recurrences of T1/T2 lesions are rare when
treated by proper lymph node dissection, while local recurrence
is frequent after limited surgery (Sasako, 2003).

Conventional CT scanning is useful in detecting enlarged
nodes, which are often irresectable. However, 25% of metastatic
nodes are 5 mm or less and undetectable by any imaging diag-
nostic tool, including MRI, PET scan, or EUS (Noda et al., 1998).

Treatment of gastric cancers and its recent advances
Tumors without distant metastasis are potentially curable, and
treatment comprises resection of the primary tumor and control
of lymph node metastasis. For differentiated-type T1 mucosal
cancers, EMR is often successful, as metastasis does not gen-
erally occur (Gotoda et al., 2000). The Japanese Gastric Cancer
Treatment Guideline indicates the criteria for EMR as follows:
mucosal cancer of intestinal type, no ulcer nor ulcer scar in the -
lesion, and size smaller than 21 mm (Nakajima, 2002). For more
advanced lesions, gastrectomy of over 2/3 of the stomach with
proper lymph node dissection is regarded as standard treat-
ment even in the West (Sasako, 2003; Allum et al., 2002; NCCN
Guideline [http://www.nccn.com/physician_gls/f_guidelines.html]),
in spite of the negative results of two large randomized trials
(Bonenkamp et al., 1999; Cuschieri et al., 1999).

Tumors with distant metastasis are mostly incurable at pre-
sent, with the rare exceptions of those with solitary liver metas-
tasis or peritoneal nodules. For these advanced or recurrent
tumors, chemotherapy shows a modest effect, and cure by
medical treatment is rare, even in combination with radiothera-
py. Combination chemotherapy using 5-fluorouracil with other
agents remains the most popular regimen.
Chemoradiotherapy and D2 surgery
Recently, chemoradiotherapy (CRT) after a potentially curative
operation was shown to improve the resulis of surgery without
lymph .node dissection (MacDonald et al., 2001). As adjuvant
chemotherapy has not proven its efficacy over surgery alone,
these results strongly suggest the efficacy of radiotherapy to

~achieve good local control. However, the results achieved by lim-
ited surgery followed by CRT are still worse than those of
extended surgery, so-called D2 nodal dissection. Currently,
questions regarding whether CRT in combination with limited
surgery can replace D2 surgery and whether CRT can improve
the results of D2 surgery alone remain to be answered. The for-

mer should be evaluated in the Western specialized centers,
where D2 surgery can be carried out safely with sufficient quality.
If this proves the efficacy of CRT, both questions should be
investigated in Japan. Meta-analysis evaluating the effect of
adjuvant chemotherapy without irradiation after curative surgery
for gastric cancer suggested strongly the effect of the treatment.
As none of the large sized trials has proven the effect of adjuvant
chemotherapy, it is urgent to establish standard adjuvant treat-
ment. At the moment, a large randomized trial is going on using
TS-1, which showed the highest response rate as a single agent
in the past. In Western countries, neoadjuvant chemotherapy for
advanced gastric cancer is now being tested in a few large
phase Ill trials. Neoadjuvant CRT is just now under investigation
as a phase Il trial in some American institutions.

New chemotherapeutic agent

Some new chemotherapeutic agents, such as Irrinotecan, TS-1,
and Docetaxel, show promise as being more effective than con-
ventional drugs. A combination chemotherapy including TS-1 has
shown a response rate of over 70% (Koizumi et al., 2003). Further
studies may change the chemotherapy for gastric cancer.

Future challenges

Severe dysplasia/noninvasive mucosal carcinoma could con-
tain different entities that have different abilities to invade the
lamina propria mucosae. However, key molecular alterations
that determine this progression are unknown. The presence of
lymph node or distant metastasis is a very important factor in
deciding a treatment strategy, but accurate diagnosis is still dif-
ficult. Clarification of molecular alterations that are closely
linked with these characteristics will be beneficial to decide on a
treatment strategy for individual cases. Popular use of EMR
raises a new question, whether or not a secondary cancer will
arise from the remnant stomach, and prediction of risk for devel-
oping gastric cancer is becoming more important. Recent
genomic approaches demonstrate great potential for address-
ing these issues (Hasegawa et al., 2002). The more important
and appropriate questions we ask, the more useful these new
approaches will be.
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