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Material and methods
Study area

The study was conducted in a town located in a rurai
area of Hiroshima Prefecture, Japan, with a toral
population of approximately 4500 (male/female
ratio: 0.91), 39.3% of the populaton being over
65 years of age. The town was chosen for this study
because gastric cancer screening by serum PG
concentration testing had been conducted there
since 1989. Data pertaining to diagnosis of gastric
cancer were obrained from the death certificate
records and the Hiroshima Prefectural Cancer
Registry. Individuals residing in the town during
the relevant time period were selected at the town
office. The smdy was approved by the ethics
commirtee of Hiroshima University School of Med-
icine and by the Ministry of Public Management,
Home Affairs, Posts and Telecommunications of
Japan.

Screening by serum pepsinogen testing

Fasting blood samples were obtained from the
participants, and serum samples were stored art
—20°C until use. Serum PG I and IT were measured
by radioimmunoassay (Dainabot, Tokyo, Japan)
[18,19]. Screening results were determined accord-
ing 10 established cut-off values: individuals with a
value less than the cut-off value were considered to
be at high-risk for gasiric cancer and were advised to
underge a more specific examination. The cur-off
levels during the study period were as follows: a PG/
PGII rado of less than 2 in 1989; a PG I concentra-
tion of less than 30 ng/iml or a PGL/PGII rario of less
than 2 in 1990-92; a PG I concentration of less than
50 ng/ml and a PGI/PGII ratdo of less than 3 after
1993, as reported previously [15,18,19]. The screen-
ing was offered annually in the town through the
local government. The 1arget population comprised
all residents aged 40 years or older. In 2002, there
were 1596 residents in the town aged 40 years or
older and 663 (41.5%) individuals partcipated in
the gastric cancer screening. During 13 years, 873
residents had positive screening tests by serum
pepsinogen and 585 (67.0%) underwent more
specific examinations (gasteintestinal endoscopy;
539 (92.1%), phorofiucrography; 46 (7.9%)).
Some of the results were reported previously
{15,18,19].

Identification of individuals who died from gastric cancer

The case series consisted of residents of the town,
who, according to the death certificate records and
the Hiroshima Prefectural Cancer Registry, died

from gastric cancer during the period April 1989 to |
March 2002. Forty-nine individuals died from
gastric cancer during the period. Gastric cancer
death was confirmed in 46 (93.9%) of these in-
dividuals (28 M, 18 F). Of the 46 deaths, 5 were
prior to the initdation of serum PG testing; thus, 41
cases were finally selected for the study.

Identification of control subjects

For each of the 41 individuals who died of gastric
cancer, 3 gender-martched control subjects with the
same birth year were selected randomly from
the residents thar were alive on the date that the
individual died. When there were fewer than three
other residents with a marching birth year, the
matching was done with residents whose birth year
was within +3 years. For the 41 individuals who
died from gasaic cancer, a total of 123 control
subjects were sclected.

Identification of screening history

Records of the gaswmic screening program were
reviewed to obrain screening histories for the 41
individuals who died and the 123 control subjects
during the 2 years before each diagnosis of gastric
cancer.

Data analysis

The Mantel-Haenszel procedure was used to esti-
mate odds ratios (ORs) and 95% confidence inter-
vals (ClIs). ORs were calculated for control subjects
who participated in the screening once during the
1 or 2 years before case diagnoses, in comparison
with those who did not participare in the screening
during this period. The relation berween partici-
pants’ age and reducton in deaths from gastric
cancer was examined. In the analysis, age was
caregorized as less than 65 years, less than 70 years,
less than 75 years, less than 80 years, and less than
835 years.

Results

Age and gender of the individuals who died from
gastric cancer and the control subjects are reported
in Table I. The male-to-female rato of the indivi-
duals who died was 25/16, and the mean age of these -
individuals was 71.9 years (range, 4492 years).
The ORs for death from gastric cancer among
control subjects who pardcipated in the screening
once during the 1 year and once during the 2 years
before the diagnosis of cases, as opposed to death
from gastric cancer among those who did not
participate in the screening during these periods,
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Table I. Age and sex of individuals who died from gastric cancer
and conmrol subjects.

Case Control
(n =41) (n=123)
Age (years) at diagnosis
40-59 3 10
60-69 15 31
7079 9 52
80— 14 30
Male/female ratio © 25116 75/48

Table II. Mantel-Haenszel odds ratios for death from gastric
cancer in PG resting performed during 1 year before gastric
cancer diagnosis.

Number of screening participants
(out of 3 matched controls)
during the year before gastric
cancer diagnosis

0 1 2 3
Gasuic cancer deaths
Screening history 1 1 0
No screening history 22 14 2 1

were 0.238 (65% CI: 0.061--0.929) and 0.375 (95%
CI: 0.156-0.905), respectively (Tables II and HI).
Thus, the number of gastric cancer deaths was
reduced by 76% among subjects participating in
PG screening within 1 year and 62% among subjects
participating in PG screening within 2 years of the
time of gastric cancer diagnosis in the corresponding
individuais who died from gastric cancer. The OR
for death from gastric cancer among subjects parti-
cipating in screening once during the ! year before
the diagnosis of cases was lower than that of subjects
who participated once during the 2 years before
diagnosis.

The reduction in the number of deaths from
gastric cancer did not correlate with age of subjects
who underwent screening once during the 1 year
before diagnosis of the cases (Table IV). The
reduction was not related ro age in any subjects
with the exception of those less than 85 years of age
who underwent screening once during the 2 years
before diagnosis of the cases (OR: 0.321; 95% CI:
0.120-0.862; p =0.027).

Discussion

This is the first case-control study evaluating the
relation between mass screening on the basis of PG
concentration and gastric cancer mortality. In Japan,
mass photofluorography screening programs for
gastric cancer were initiated around 1960 [1]. The
usefulness of such screening has been reported. A

Gastric cancer mortality reduction by PG testing 3

Tuble 1. Mantel-Haenszel odds rades for death from gastric
cancer in PG testng performed during 2 years before gastric
cancer diagnosis.

MNumber of screening participants
(out of 3 matched controls)
during 2 years before gastric

cancer diagnosis

)] i 2 3

Gastic cancer deaths
Screening history 3 1 1 0
No screening history 15 13 5 3

Abbreviation: PG =pepsinogen.

population-based, case-control smdy of screening
based on photofluorography showed a 55% reduc-
tion In gasrric cancer deaths for individuals who
participated in the screening at least once during a
2-year period {}-4]. Lee et al. reported a 2-fold
decrease in gastric cancer mortality in subjects who
participated in phorofluorography screening during
the preceding } year versus control subjects [5]. At
present, about 5 million people in Japan are screened
annually by phorofluorography.

The sensitivity of photofluorography is by no
means high when endoscopy is used as a yardstick
Thus, measurement of serum PG concentrations has
recently gained attention as a new screening method
for gaswric cancer. The results of studies of PG
concentration testing show thar this method has a
superior cancer detection rate and is less expensive
than the conventional photoflucrography-based
mass screening [21,22]. Furthermore, the percen-
tage of early gastric cancers detected by PG testing is
higher than that of conventional screening, and a
considerable number of individuals with gasmric
cancer identified by PG testing have been treated
by endoscopic surgery. Miki er al. reported the
incidence of gastric cancer to be 0.05% by X-ray
detection and 0.18% by PG testing in popularions
who underwent X-ray and PG screening simuita-
neously, and thar 90% of gastric cancers detected by
the PG method were in the early stages [21]. It has
been reported that screening by serum PG testing
may be useful in detecting small asymptomatic
cancer of non-ulcerated morphology, and well-
differentiated histology [1]. Small asymptomatic .
cancers of this type are relatively difficulr to detect
by photofluorography, whereas such conventional
screening is effective in detecring cancers of ulcer-
ated morphology and poorly differentiated histology
as well as advanced cancers, which are frequently
symptomatic. In addirion, the PG method has many
advantages over the X-ray method. For example, PG
testing is easy to perform, and patients do not feel
much discomfort. There is no radiation exposure,
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‘Table IV. Reduction in gastric cancer mortzlity and age.

Participation in screening during 1 year
before gastric cancer diagnosis in

3 matched conuols

Parricipation in screening during 2 years
before gastric cancer diagnosis in
3 marched controls

Age

(years) n OR 95% CI p-value OR 95% CI p-value
<65 11 - - 0.562 0.600 0.081-4.444 >0.969
<70 18 - - 0.188 0.385 0.094-1.567 0.166
<75 25 0.429 0.056--3.726 0.444 0.333 0.096-1.156 0.146
<80 30 0.500 0.100-2.495 0.514 0.500 0.163-1.532 0.306
<85 36 0.294 0.072-1.209 0.161 0.321 0.120-0.862 0.027
All 41 0.238 0.061-0.929 0.043 0.375 0.155-0.905 0.036

Abbreviations: OR =odds ratio; CI =confidence interval,

and there is no barium ingestion, with its related side
effects. The PG merhod is fast, and many serum
samples can be analyzed simulianeously. If man-
power, costs, and efficiency were not issues, the
highest sensitivity could be reached in ail individuais
by using a combinadon of PG and photofluorograhy
screening. However, since man-power and cost are
limiting factors, and photofluorography produces
some harmful effects, the more efficient screening
method should be determined on the basis of
scientific and epidemiologic evidence.

There have been no studies directly examining
wherher screening on the basis of the serum PG
concentration is associated with reduced gastric
cancer mortality. A randomized, controlled tial is
the most suitable method for evaluating the effec-
tiveness of a cancer screening program; however,
mass screening programs for gastric cancer have
been so widely implemented in Japan that it is
impossible to undertake such a rtrial. As an alter-
native, we undertook this case~-control smudy.

Because the screening histories of the individuals
who died from gastric cancer and the control
subjects in the present study were obtained from
the same dara source, recall bias and inter-observer
bias were thought to be eliminated. Measurement
bias was also eliminated because the record linkage
on the computer was performed similarly for cases
and control subjects. However, our study had two
weaknesses. First, the self-selection bias could not be
controlled becanse some information could not be
obtained. If a family history of cancer increased the
risk of death from gastric cancer, the effectiveness of
the screening might have been underesimated if this
factor was not taken into account. Similarly, if
habirual smoking increased the risk, the effecriveness
might have been overestimated. In fact, in several
studies it is suggested that the risk of gastric cancer
may be associated with a family history of cancer and
with habitual smoking [23,24]. These factors and
other factors, such as socio-economic status, dietary

habirs, and health practices, should be controlled in
order 1o evaluate the screening method more pre-
cisely. Another consideration is the effect of mass
X-ray screening. The effect was not evaluated in the
present study because we could not sufficiently
investigate the subjects’ histories of X-ray screening.

The present study indicated that the effect of
screening based on the serum PG concentration lasts
for ar least 2 years. Fukao et al. reported that the
effect of screening by photofluorography remains for
ar least 5 years [3]. We previously reported that, in
more than 90% of cases, the P(3 concentration was
similar to thar obtained 5 years previously [25]. We
investigated the natural course of the PG concentra-
tion in a prospective study over a period of 9 years.
Of 207 PG-negative subjects, 182 (87.9%) were still
PG negative after 9 years {26]. Therefore, repeated
examination of the PG concentrarion might not be
required. However, the optimal interval berween PG
tests should be decided by the effectiveness of the
screening method. Further study is necessary to
confirm the optimal inrerval.

In conclusion, the results of the presentr case-
control study suggest reductions of 76% and 62% in
gastric cancer mortality among individuals who
participate in screening for gastric cancer on the
basis of the PG concentraton once a year or once
every 2 years, respectively. A large-scale study in-
cluding facrors related to self-selecton bias is needed
not only to evaluate the effectiveness of screening
based on PG rtesting more precisely but also to
determine the optimal frequency and interval of
screening by this method.
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Abstract. The pathways of gastric cancer in young patients
(40 years of age or younger) have not yet been determined. We
therefore examined clinicopathologically and genetically 68
gasiric cancers in young patients and 66 tumors in older
patients (41 years of age or older). Mutations in B-rgf and K-
ras were identified by PCR-SSCP following sequencing.
Microsatellite instability (MSI) and AMLH3 mutations were
also examined. Histopathologically, diffuse-type gastric cancer
and cancer in the whole of the stomach were found signifi-
cantly more ofter in young patients than in older patients
(21% vs. 2%, P=0.0006, and 77% vs. 32%, P<0.0001,
respectively). Genetically, MSI and AMLH3 mutations were
found significantly more often in tumors in young patients
than in tumors in older patients (15% vs. 4%, P=0.040, and
9% vs. 0%, P=0.036, respectively). Tumors in young female
patients were found significantly less often in the lower-third
of the stomach and showed a significantly greater frequency of
MSI, compared to tumors in young male patients (33% vs.
9%, P=0.046, 5% vs. 30%, P=0 010, respectively). These
results suggest that the pathways of gastric carcinogenesis
differ between young patients and older patients, and that the
pathways differ between the sexes in young patients.

Intreduction

Gastric cancer has been decreasing in incidence over the last
decade, but it is still the second most common cause of cancer-
related death worldwide (1). It occurs most frequently in

Correspondence to: Dr Shinji Tanaka, Department of Endoscopy,
Hiroshima University Hospital, 1-2-3 Kasumi, Minami-ku, Hiroshima
734-8551, Japan
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Key words: gastric cancer, microsatellite instability, hMLH3, B-raf,
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individuals 50-70 years of age. Gastric cancer results from
a combination of environmental factors and accumulation
of specific genetic alterations. Environmental factors, such
as Helicobacter pylori (H. pylori) infection and a high-salt
diet, and genetic factors play important roles in gastric
carcinogenesis (2,3). Genetic alterations, such as activation
of oncogenes K-ras and B-raf and inactivation of tumor
suppressor gene p53, play important roles in the development
of gastric cancers (4). Dysfunction of DNA mismatch repair
genes, which leads to microsatellite instability (MSI), also
plays a crucial role (5).

Gastric cancers occurring in young patients {40 years of age
or younger) account for less than 5% of all gastric cancers
(6,7). There have been several reports comparing clinico-
pathologic and biologic characteristics of young patients and
older patients (more than 40 years of age) (8). Young patients
with gastric cancer, in comparison to older patients, are
thought to show a more aggressive clinical course and have a
poorer prognosis. Thus, gastric cancers in young patients may
have different genetic profiles from those in older patients.
Although genetic characterization of gastric cancers has been
the focus of several studies, few have addressed this issue
specifically in young patients. The genetic pathways in young
patients have not yet been determined. We therefore examined
genetic alterations in gastric cancers to clarify differences in
the disease between young patients and older patients.

Materials and methods

Study subjects were 134 patients with gastric cancer (68 young
patients and 66 older patients) treated surgically at Hiroshima
University Hospital or an affiliated hospital during the period
1990 through 2004. The young patients with gastric cancer
were enrolled consecutively, and the older patients were
enrolled randomly. For each patient, both cancerous and normal
tissues were obtained at surgery.

Four-micrometer-thick sections were prepared from
formalin-fixed, paraffin-embedded specimens. The sections
were stained with hematoxylin and eosin (H&E) for histologic
examination. Gastric cancers were classified as intestinal-
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Table 1. Primer sets used in the present study.

Gene Sequence
K-ras sense: 3S-TTGTTGGATCATATTCGTCC-3'
antisense: 5-TCAAAGAATGGTCCTGGACC-3'
B-raf
exon b1 sense: S-AAACACTTGGTAGACGGGAC-3
antisense: 5-ACTTGTCACAATGTCACCACATT-3'
exon 15 sense: 5'-CTTCATGAAGACCTCACAGT-3
antisense: 5-GGCCAAAAATTTAATCAGTGGA-Y
hMLH3

codon 583-585

sense: 5'-GCCTTTTGCAACAACATTATGG-3

antisense: 5'-GTGGAACATAATTTAACTCGCC-3'

codon 672-674

sense: 53-AGACATCAAAGATTTAGCCAGC-3

antisense: 5'-CTGTAGGTTCATTCTCTAGCC-3

BAT26

sense: S'-TGACTACTTTTGACTTCAGCC-3'

antisense: 53'-AACCATTCAACATTTTTAACCC-Y

type or diffuse-type as defined by Lauren (9). Depth of invasion
was classified as to the mucosa or submucosa (early stage)
or to the muscularis propria or deeper (advanced stage). The
presence of lymph node metastasis was also examined. To
analyze the relationship between tumor location and genetic
alterations, the stomach was divided into three parts: the upper,
middle, and lower parts. H. pylori infection was examined
histologically with Giemsa staining. The presence of follicular
gastritis, a type of H. pylori-associated gastritis characterized
by the presence of prominent lymphoid follicles in the mucosal
layer of the stomach (10), was also examined in the patients.

Ten-micrometer-thick tissue sections were placed on glass
slides and stained with H&E. The tissue sections were then
dehydrated in graded ethanol sclutions and dried without a
cover glass. Cancerous and normal tissues on the slides were
scraped up with sterile needles, separately, by a microdis-
section technique. DNA was extracted from the tissues with
20 ul of extraction buffer {100 mM of Tris-HCI; 2 mM of
ethylene diamine tetraacetic acid (EDTA), pH 8.0; 400 p1/ml
of proteinase K] at 55°C overnight. The tubes were boiled for
7 min to inactivate the proteinase K, and then 2 pl of the
extracts was used for each polymerase chain reaction (PCR)
amplification.

Each tumor was evaluated for MSI by analysis of the
mononucleotide repeat, BAT26. The microsatellite assay was
performed as described elsewhere (11}. The primer sets used in
the present study are shown in Table I. Briefly, each 15 ul reac-
tion mixture containing 10-20 ng of genomic DNA; 6.7 mM
of Tris-HCl, (pH 8.8); 6.7 mM of EDTA; 6.7 mM of MgCl,;
0.33 uM of primer labeled with (yv-**P)ATP; 0.175 M of
uniabeled primer; [.5 mM of each deoxynucleotide triphos-
phate; and 0.75 units of AmpliTaq Gold DNA polymerase
(Perkin-Elmer, Branchburg, NJ) was amplified for 40 cycles
as follows: denaturation at 94°C for 30 sec, annealing at 55°C
for 30 sec, and strand elongation at 72°C for 30 sec. The PCR
products were electrophoresed on 6% polyacrylamide-8 M

Table II. Clinicopathologic characteristics of young and older
patients with gastric cancer.

Characteristics Young  Older  P-value
patients  patients

Sex

Male/female 39129 42124 046
Tumor location

Whole stomach/other/NA  11/42/15  1/65/0  0.0006
Histology

Intestinal/diffuse 16/52 45/21  <0.0001
Tumor depth

Early/advanced/NA 25/40/3  37/26/3 0.022
Helicobacter pylori infection

Positive/negative 60/8 66/0 0.004
Follicular gastritis

Present/absent 4/64 0/66 0063

NA, information not available.

urea-32% formamide gels and autoradiographed overnight at
-80°C with Fuji RX film. When additional bands appeared in
the turnor DNA on the BAT26 marker, the tumor was defined
as MSI-positive. Two mononucleotide repeats {poly A tracts)
of hMLH3 were also examined (12).

B-raf and K-ras genes were also examined. PCR-single-
strand conformation polymorphism (SSCP) analysis was
performed as described previously (4). The aberrant migration
band on the SSCP gel was removed, amplified again, and
directly sequenced on both strands with an ABI PRISM 310
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Figure 1. A representative case of intestinal-type gastric cancer. (A) Endos-
copy revealed an vlcerated lesion at the greater curvature of the antral
region. {B) Loupe appearance. (C} A histologically well-differentiated
adenocarcinoma (x200) was identified. (D) Microsatellite analysis showed
no alteration at BAT26 or RMLH3. (E) PCR-S5CP analysis showed mobility
shift of B-raf. (F) Sequencing analysis of B-raf showed a CAG to CCG
mutation at codon 608 of exon L5,

genetic analyzer (Perkin-Elmer ABI, Foster City, CA). For
the sequencing reaction, a PRISM AmpliTaq DNA polymerase
FS ready reaction dye terminator sequencing kit (Perkin-
Elmer ABI) was used.

Fisher's exact probability and Chi-square tests were used
for comparisons of clinicopathologic and genetic factors.
P<0.05 was regarded as significant.

Results

Representative cases are shown in Figs. 1 and 2. Clinicopatho-
logic characteristics of young patients and older patients with
gastric cancer are shown in Table IT. The mean age of young
gastric cancer patients was 35.3 (range, 18-40), and that of
older gastric cancer patients was 64.5 (range, 44-90). Cancer
in the whole of the stomach was found significantly more
often in young patients than in older patients {11/53 (21%) vs.
1/66 (2%), respectively, P=0.0006 by Fisher's exact
probability test]. Histopathologically, diffuse-type gastric
cancer was found significantly more often in young patients
than in older patients [52/68 (77%) vs. 21/66 (32%}), respect-
ively, P<Q.0001 by Chi-square test]. Advanced tumors were
significantly more prevalent in young patients than in older
patients [40/65 (62%) vs. 26/63 (41%), respectively, P=0.022].

hAMIE3

Figure 2. A representative case of diffuse-type gastric cancer. (A)
Endoscopy revealed an ulcerated lesion at the posterior wall of the angular
region. (B) Loupe appearance. (C) A histologically, diffuse, poorly
differentiated adenocarcinoma {x20Q) was identified. (D) Microsatellite
analysis showed alterations at BAT26 and kMLH3. {E) PCR-SSCP analysis
showed no mobility shift of B-raf and K-ras.

H. pylori infection was significantly less prevalent in young
patients than in older patients [60/68 (88%) vs. 66/66 (100%),
respectively, P=0.004]. Follicular gastritis was observed more
frequently in young patients than in older patients [4/68 (6%)
vs. 0/66 (0%), respectively, P=0.063 by Fisher's exact prob-
ability test].

Genetic characteristics of gastric cancers in young patients
and in older patients are shown in Table II1. MSI was found
significantly more often in tumors in young patients than in
tumors in older patients [10/65 (15%) vs. 2/51 (4%), respect-
ively, P=0.040 by Fisher's exact probability test]. Mutations
in RMLH3 were found significantly more often in tumors in
young patients than in tumors in older patients [5/56 (9%) vs.
0/51 (0%}, respectively, P=0.036 by Fisher's exact probability
testl. One detected K-ras mutation was a GGT to GCT (Gly
to Ala) mutation at codon 12. Qut of 10 B-raf mutations
detected, 6 were CAT to CCG (His to Leu) mutations at codon
306 of exon 11, and 4 were CAG to CCG (Glu to Pro) muta-
tions at codon 608 of exon 15. The frequencies of B-raf and
K-ras mutations did not differ significantly between tumors in
young patients and those in older patients,

The clinicopathologic characteristics of young gastric
cancer patients are shown by sex in Table IV. There was a
significant difference between the sexes in the number of
tumors found in the lower-third of the stomach [2/22 females
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Table 1II. Genetic characteristics of gasteic cancer in young
and older patients.

Table IV. Clinicopathologic characteristics of gastric cancer
in young male and female patients.

Genetic alteration Young Older P-value
patients patients

MSI

+/-/NI 10/55/3 (15%)  2/49/15 (4%) 0.040
AMLH3 mutation

+/-/NI 5/51/12 (9%) 0/51/15 (0%) 0036
B-raf mutation

+/-/NI 6/46/16 (12%)  4/46/16 (8%) 040
K-ras mutation

+/-/NI 0/23/45 (0%) 132133 3%) 059

NI, not informative.

(9%) vs. 10/31 males (33%), P=0.046 by Fisher's exact prob-
ability test].

The genetic characteristics of gastric cancer in young
patients are shown by sex in Table V. MSI was found signifi-
cantly more often in female patients than in male patients
[8/27 (30%) vs. 2/38 (5%), respectively, P=0.010 by Fisher's
exact probability test]. There were no significant differences
in the frequencies of hAMLH3, B-raf, and K-ras mutations
between the sexes in young gastric cancer patients.

Discussion

Gastric cancers in young patients are reported to have different
clinicopathelogic characteristics from gastric cancers in older
patients. For instance, diffuse-type gastric tumors and liver
metastasis are reported to occur significantly more frequently in
young patients than in older patients, and young patients are
reported to have a more aggressive phenotype and poorer
prognosis than older patients (8). These findings suggest that
the pathways of gastric cancer in young patients differ from
those in older patients. The increased frequency of cancer of the
whole stomach and diffuse-type gastric cancer that we observed
in young patients is similar to results reported previously.
These data also suggest that the pathways of gastric cancer in
young patients may differ from those in older patients.

We examined genetic alterations in gastric cancer to
clarify whether the molecular profiles of tumors differ between
young patients and older patients. Gastric cancer ¢can occur as a
hereditary non-polyposis colorectal cancer, whereby alterations
in the mismatch repair genes (hWMLHI, hMSH2, hMSHS, etc)
are responsible for colorectal, gastric, and endometrial tumor
formation (13). Disrupted function of mismatch repair genes
manifests as MSI and has been reported in 15-39% of sporadic
gastric cancer. A single test of BAT26 can identify cases
positive for high-level MSI (14,15). Several researchers have
reported that MSI is rare (0-1.3%) in gastric cancer in young
patients. However, Hayden et al (6) reported MSI in 6% of
gastric cancers in young patients, and Semba et al (16) reported

Characteristics Young Young P-value
male female
patients patients
Tumor location
Lower third/others/NA 10/21/8 212017 0.046
Histology
Intestinal diffuse 11728 5124 022
Tumor depth
Early/advanced/NA 15/21/3 10/19/0 0.55
Helicobacter pylori infection
Positive/negative 34/5 26/3 0.53
Follicular gastritis
Present/absent 2137 2127 0.57

NA, information not available.

Table V. Genetic characteristics of gastric cancer in young
male and female patients.

Genetic alteration Male Female P-value
patients patients

MSI

+/-/NT 2/36/1 (5%) 8/19/2 (30%) 0.010
AMLH3 mutation

+/-MNI 273007 (69%) 321/5(13%) 0.36
B-raf mutation

+/-/N1 4/28/7(13%) 2/18/9(10%) 0.58
K-ras mutation

+/-f/NI 0/13/26 (0%)  0/10/19 (0%) -

NI, not informative.

MSI in 22% of gastric cancers in young patients. In the present
study, 15% of gastric cancers in young patients showed MSI,
and MSI was found significantly more often in tumors in
young patients than in tumors in older patients. In addition,
tumors in young patients had significantly frequent mutations
of hMLH3, one of the mismatch repair genes, compared with
tumors in older patients. Mutation of the major mismatch repair
genes, hMSHZ and AMLHI, has not been detected in gastric
cancers in young patients (17). Thus, it is possible that AMLH3
mutation is a key genetic change in the development of gastric
cancer in young patients. The number of cases examined in
the present study was limited; further examination of genetic
changes in a greater number of cases may be necessary.
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We previously reported that follicular gastritis confers a
high-risk for diffuse-type gastric cancer and is predominant in
female patients (10,18). In the present study, cancer in the
whole of the stomach and MSI were was found significantly
more often in young females than in young males, and
follicular gastritis tended to be more common in young females
than in young males. These results suggest differences between
the sexes in the genetic pathways of gastric cancer in young
patients. This is the first reported study to focus on differences
between the sexes regarding the clinicopathologic and genetic
characteristics of gastric cancer in young patients.

ras genes are the most frequently mutated oncogenes in
human cancers (19). The vast majority of ras mutations assoc-
iated with human diseases involve K-ras (20). Activating point
mutations of the gene affect codons 12 and 13. K-ras mutations
are reported in 2.8-20% of gastric cancers (4). In the present
study, K-ras mutations were detected in only 3% of tumors in
older patients and in none of the tumors in young patients. The
results were similar to those reported previously.

Recently, B-raf mutations have been reported in human
malignancies, such as colon cancer and melanoma (21). Almost
all reported B-raf mutations have occurred within two kinase
domains (the G-loop domain and kinase domain), and the most
common mutation is a single substitution:, VS99E. B-raf protein
plays a central role in the ras/raffmek/erk pathway, relaying
signals from activated RAS proteins. B-raf mutations in gastric
cancer are reportedly infrequent at 0-2.2% (22,23). In the
present study, B-raf mutations were detected in 12% of
tumors in young patients and in 8% of tumors in older patients.
The percentages in the present study were high compared to
those reported previously. However, there was no significant
difference in the frequency of B-rgf mutations between young
patients and older patients.

The B-raf and K-ras mutations were infrequent, and there
were 1o significant differences in the frequencies of these gene
mutations between the sexes. These genes may not be key
genetic alterations in the development of gastric cancers.

In conclusion, the clinicopathologic and genetic differences
in gastric cancer that we observed between young patients
and older patients suggest that the pathways of gastric cancer
development differ between these two groups. In addition,
the clinicopathologic and genetic differences that we observed
between gastric cancer in young male patients and that in
young female patients suggest different pathways. Thus, even
among young patients, the pathways of gastric cancer develop-
ment may differ, depending on sex.
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Abstract

Background/Aim: cagA gene polymorphism of Helico-
bacter pylori contributes to clinical outcome of patients.
We investigated the implication of the cagA polymor-
phism in young Japanese patients using paraffin-em-
bedded sections. Methods: We studied 71 young pa-
tients with gastric cancer or with duodenal ulcer. H.
pyloriinfection was confirmed by sections with Giemsa
staining and immunohistochemical staining and the de-
gree of gastritis was evaluated. DNA was extracted from
paraffin-embedded sections of 20 patients both from the
gastric corpus and the antrum. A portion of cagA gene
was amplified with polymerase chain reaction, followed
by direct sequencing of the fragment. Results: We astab-
lished a novel method to determine the cagA subtype
using paraffin-embedded sections. We found that all the

samples possessed East-Asian type cagAbaoth inthe cor-
pus and the antrum, not only in patients with gastric
cancer but also with duodenal ulcer. Although the cagA
gene sequence was completely identical between the
gastric corpus and the antrum in all patients, the corpus
gastritis was more prominent in patients with gastric
cancer than those with duodenal ulcer. Conclusions:
cagA polymorphism can be evaluated with the use of
paraffin-embedded sections. The degree of corpus gas-
tritis may not be regulated by cagA diversity only.
Copyright ® 2006 S. Karger AG, Basel

introduction

Helicobacter pylori infection 1s a critical factor for pro-
moting atrophic gastritis [1]. Long-term infection of H.
pyloriresults in glandular atrophy and intestinal metapla-
sia. Since corpus atrophic gastritis is a fundamental and
essential status for human gastric carcinogenesis, H. py-
lori is regarded as an important carcinogen in the devel-
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opment of human gastric cancer [2]. Indeed, it has been
accepted that there s a strong association between H. py-
lori-associated gastritis and gastric cancer [3-6]. A clini-
cal study by Uemura et al. [8] confirmed a strong asso-
ciation between the occurrence of gastric cancer and H.
pylori infection followed by corpus gastritis. Atrophic gas-
tritis and gastric cancer are very commen diseases in Ja-
pan, since the high prevalence of H. pylori infection has
especially been confirmed in elderly people [9]. However,
not all patients with H. pylori infection have gastric can-
cer, so it is clinically important to select the population
with a high risk for gastric cancer development [10].

H. pylori cagA protein is an important virulent factor
for gastric mucosa injury. Huang et al. [11] demonstrated
the strong association between anti-cagA seropositivity
and development of gastric cancer, suggesting an impor-
tance of cagA for gastric carcinogenesis. Recent studies
have clarified the molecular mechanism of gastric muco-
sal injury induced by cagA protein. cagA protein pro-
duced in the bacterial cell is translocated into the host cell
by the type IV secretory system, followed by tyrosine
phosphorylation by src-family kinases and activation of
SHP-2 phosphatase [12, 13]. Recent studies revealed that
cagA protein showed diversity and was subclassified into
two types, namely Western type and East-Asian type., The
latter type was reported to have a high affinity to SHP-2
and was thus regarded as a more harmiul form than the
Western type [14]. In fact, diversity of cagA protein was
assessed and showed a tight relationship between its di-
versity and the clinical outcome [15].

However, until now, most studies have been performed
with the use of isolated colonies, resulting in the uncer-
tainty of whether it really reflects the original character
of H. pylori in the stomach. In addition, it is clinically
important to investigate the topography of gastric inflam-
mation, which may be influenced by the heterogeneous
distribution of H. pylori. Then, in the present study, we
investigated the cagA subtype of H. pylori with the use of
DNA. samples extracted from paraffin-embedded sec-
tions that reflect the original character of the bacteria.
Moreover, we studied the diversity in the samples from
the gastric corpus and the antrum separately to discuss
the heterogeneity of the cagA subtype in the stomach.

Methods

Patients

We studied 32 patients with gastric cancer (20 men, mean age
26.6 years; 12 women, mean age 25.6 years) and 39 patients with
duodenal ulcer (36 men, mean age 25.1 years; 3 women, mean age
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25.6 years). All patients were <30 years and underwent gastrecto-
my. The resected stomach was fixed in buffered formalin and em-
bedded in a paraffin block. Except for the pathological lesions, non-
neoplastic gastric mucosae in the lesser curvature were cut and
embedded in paraffin sections in the same manner. These non-neo-
plastic mucosas were used for the present examinations. All pa-
tients had histological gastritis either in the gastric corpus and an-
trum, and were confirmed as being H. pylori-positive by Giemsa
stalning. Patients who received eradication therapy were not in-
cluded in this study. We obtained informed consent from all pa-
tients and the Ethical Committee of Hiroshima University ap-
proved our protocol.

Evaluation of Histology of Gastritis

In each patient, histological gastritis of the lesser curvature of
the corpus and antrum were evaluated with the use of the sections
stained with hematoxylin and eosin (HE). We scored the degree of
gastritis {(mononuclear infiltration and activity; from 0 to 3) with
the criteria of the updated Sydney System [16]. Two specialists
(M.I. and K.H.) who independently scored the degree of gastritis
were blind to the clinical information.

DNA Extraction from Paraffin-Embedded Sections

We randomly selected 20 patients {10 with gastric cancer and
10 with duodenal ulcer) and conducted DNA extraction from the
tissue sections of the patients. Tissue sections of 4 pm in thickness
were placed on glass slides and stained with HE. The tissue sections
were then dehydrated in graded ethanol solutions and dried with-
out a cover glass, Tissues were scraped from the slides with sterile
needles. DNA was extracted from the tissues by incubation in
20 pl of extraction buffer (100 mAf Tris-HCl;, 2 mdf EDTA, pH
8.0; 400 we/pl proteinase K) at 55°C overnight. The tubes were
boiled for 7 min to inactivate the proteinase K, and then 2 ul of the
extracts was used for each polymerase chain reaction (PCR}ampli-
fication.

PCR Reaction

To determine the cagA subtype, two pairs of primers (forward:
cagA01 and reverse: cagA02 or cagAQ5, respectively) were used for
PCR amplification, yielding 117- and 92-basepair (bp) products,
respectively (table 1). Each 20 pl of reaction mixture contained
0.2 ] of Pyrobest DNA polymerase (5 units/jul; Takara, Shiga, Ja-
pan), 2 pl of 10x Pyrobest buffer I, 2 ui of dNTP mixture
(2.5 maf each), and 1 pl each of forward and reverse primers, The
reaction mixtures were heated to 95°C for 5 min, followed by
50 cycles of denaturation at 95°C for 30 s, annealing at 63°C for
305, and elongation at 72°C for 30 s. After PCR, the products were
electrophoresed on 8% polyacrylamide gels containing 1 x TBE
buffer (50 mAM Trizma base, 67 mM borate, | mM EDTA).

Sequencing

DNA bands were excised from the gels and the DNAs were
eluted and purified using QIAquick Gel Extraction kit (Qiagen
GmbH, Hilden, Germany)according to the manufacturer’s instruc-
tions. Then, purified DNA fragments were subjected to sequence
reaction using BigDye Terminators Version 1.1 Cycle Sequencing
Kit (Applied Biosystems, Foster City, Calif., USA) and ABI Prism
310 Genetic Analyzer (Applied Biosystems) according to the man-
ufacturer’s instruction.

Ueda/Tto/Eguchi/Tanaka/Yoshihara/
Haruma/Hatakeyama/Chayama
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Fig. 1. Detection of H. pylori in the gastric
mucosa from the corpus by HE section (a)
and by immunohistochemical staining (b)
in a 26-year-old male patient. Arrow indi-
cates the bacterium just on the epithelial
cells.

Table 1. Histology in the corpus and antrum of the patient groups

Corpus _Antrum T o
GC(n=30) DU (n=36) o) GCn=32y DU (ﬁ =30 p "
Infiltration
Grade O or |, n (%) 10 (33.3) 32 (88.9) 8(25.0) 6(15.4)
Grade 2 or 3, n (%) 20 (66.7) 4(11.1) <(.001 24 (75.0) 33(84.6) >0.3
Activity
Grade O or 1, n (%) 20 (66.7) 35 (97.2) 19 (59.4) 20(51.3)
Grade 2 or 3, n (%) 10 (33.3) 1{(2.8) 0.002 13 (40.6) 19 (48.7) >0.4

Immunohistochemistry

Four-micrometer sections of formalin-fxed paraffin-embedded
tissues were used for immunohistochemical staining, After deparaf-
finization and hydration, internal peroxidase was blocked by incu-
bation with 0.3% H,0, in methanol for 15 min. After incubation
with 5% skim milk/PBS for 20 min, the sections were reacted with
the primary antibody (diluted with PBS) for 2 h at room tempera-
ture. The primary antibody used was anti-H. pylori polyclonal an-
tibody (dilution of 1:50; Dako, Kyoto, Japan). Antigen retrieval
was carried out with microwave treatment before reacting with pri-
mary antibody.

Statistics

Statistical analysis was performed by ¥ test and Fisher’s exact
test with SPSS Version 11.5] software (SPSS Inc., Chicago, IlL.,
USA). A p value of <0.05 was considered statistically significant.

Results

Immunohistochemical Detection of H. pylori

We examined the H. pylori status by immunohisto-
chemical staining. As shown in figure 1, we could hardly
detect the bacteria in HE sections. In most sections the
mucous layer over the mucosal epithelium had been

cagA Analysis from Paraffin-Embedded
Section

washed out and could not be found in the sections. In im-
munohistochemical analysis, several bacteria could be
detected just on the epithelium. The image is not differ-
ent between sections from the two groups (gastric cancer
and duodenal ulcer).

Comparison of Histology in Gastritis between

Gastric Cancer and Duodenal Ulcer Patients

First, we compared the grades of gastritis between sec-
tions from young patients with gastric cancer and with
duodenal ulcer. As shown in table 1, the degree of antral
gastritis was not statistically different in neutrophil activ-
ity and chronic inflammation between these two groups.
On the other hand, in the gastric corpus the degree of
gastritis was statistically more prominent (activity, p =
0.002, and chronic inflammation, p < 0.001) in sections
with gastric cancer than in those with duodenal ulcer.

Establishment of Amplification Method of cagA Gene

Using Paraffin-Embedded Sections

Since DNA samples were degraded in various degrees
and the amount of H. pylori DNA relative to the human
DNA was small, many experimental improvements

Digestion 2006;73:47-53 49
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t PCR amplification using DNA extracted from tissue sections as a template

Run on 8% PAGE

| Excised band of expected DMNA size I

| Purify DNA using QlAquick ‘

Fig. 2. The method from PCR amplifica-
tion to direct sequence.

Is DNA pure
enough?

l Yas

Direct sequencing

No RCP amplification using DNA fragments
purified from the gels as a template

a b
Fig. 3. Detection of PCR products. a Prod- 100 bp- %
ucts with single amplification (lane I} and 92 bp 100 bp - :
those by repeated PCR three times (lane 2). 92 bp :
b Final products of amplified H pylori i
DNA from 3 patients (lanes 1-3). M = | i
Marker; N = negative control; P = positive f :
control.
Table 2. Oligonucleotides used to detect R . .
the CagA Gene Primer Primer sequence Size, bp
cagA cagA0l 5" TAGCCCTGAACCCATTTACG-¥ (01-02) 117
cagA02 S-TGTTCCCTTGAAAGCCCTAC-3
caghAQ5 5"-TGAGATCACTAACTGCAGCAC-3 (01-05) 92

were needed to obtain PCR products of good quality
capable for conducting direct sequence reaction (fig. 2).
First, we found that PCR products should not exceed
100 bp in size to obtain reproducible amplification.
Primers that were used in this study are shown in table
2. For the PCR amplification, Pyrobest DNA poly-
merase possessing proofreading activity was suitable for
our experiments, Since the first PCR products contained
additional DNA fragments (fig. 3a, lane 1), the amplified
fragments were separated and purified from the 8%
PAGE and the purified DNA fragments were used as a
template for second or third PCR to obtain a single band

50 Digestion 2006;73:47-53

of cagd fragment (fig. 3a, lane 2). In order to confirm
that obtained PCR fragments were specific for cag4, we
always included negative controls in each reaction (fig.
3b). As for the reproducibility of this method, we con-
firmed that we coutd obtain completely identical results
by repeating the examination with the same section
{data not shown).

Comparison of cagA Subtype between Gasiric Cancer

and Duodenal Ulcer Patients

Using direct sequencing, we were able to obtain the
cagA DNA sequences from all the tested samples. The

Ueda/lto/Eguchi/Tanaka/Yoshihara/
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information about the place of primers used in our study
is demonstrated in figure 4a, and typical amino acid se-
quences of two cagA subtypes are also demonstrated in
fipure 4b. The representative results are shown in figure
4c. In gastric cancer patients, we detected only East-Asian
type cagA both in the gastric corpus and antrum. In duo-
denal ulcer patients, the same results were obtained not
only in the gastric corpus but also in the antrum. Although
we detected only East-Astan type cagA in the present
study, we confirmed that the Western type cagA could be
detected in another examination and denied the possibil-
ity that our system could only be applicable for detecting
East-Asian type cagA (fig. 4d).

cagA Analysis from Paraffin-Embedded
Section

cagA Subtype Heterogeneity between the

Gastric Antrum and the Corpus

Then, we compared all the DNA sequences encoding
amino acids of cagA protein between those from the gas-
tric corpus and from the antrum. The DNA sequence was
completely identical between the DNAs extracted from
the different sites,

Discussion

East-Asian cagA is supposed to be more virulent to
epithelial injury and is regarded as being more carcino-
genic for gastric mucosa than the Western type. In fact,
the international distribution of the gastric cancer inci-
dence could be explained by the diversity of this harmful

Digestion 2006;73:47-53 51
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type of cagA [17]. However, in Japanese patients, almost
all bacteria had cagA protein and have revealed that its
subtype was the East-Asian type [18, 19]. Therefore, it is
difficult to explain the difference in clinical cutcome in-
duced by H. pylori mfection within Japanese patients
only by the diversity of cagA status.

Focus must be placed on the methodology of these
studies. In most studies, samples were extracted from iso-
1ated colonies of H. pylori. In the status, it is controversial
whether the biological characters of isolated colonies re-
flect the original character of the bacteria in vivo, since
the presence of metastability of the H. pylori could not be
completely denied [20]. Another important problem is
the topography of gastric inflammation. In gastric carci-
nogenesis, corpus-predominant gastritis showed a tighter
relationship with gastric cancer, whereas antral-predom-
inant gastritis is a negative factor for gastric carcinogen-
esis [8]. It is difficult to explain the heterogeneous distri-
bution of gastritis inflammation only from the difference
of solitary bacteria.

In the present study, we examined and compared the
difference in the status of gastritis between two groups:
the first included gastric cancer patients <30 years whose
H. pylori was expected to be virulent in gastric carcino-
genesis and the other included duodenal ulcer patients
who were considered to have H. pylori that is less poten-
tial in gastric carcinogenesis. We have previously report-
ed the tight association between H. pylori infection and
the occurrence of gastric cancer in young patients[21, 22].
We then compared the status of H. pylori cagA status in
these two groups, and the improved points in this study
were (1) to use the paraffin-embedded section to avoid
the metastability of the bacteria, and (2) to examine the
status of gastric corpus and antrum separately in each
patient.

In the present study, we could confirm that corpus gas-
tritis was more prominent in gastric cancer patients than
in duodenal ulcer patients, whereas antral gastritis was
not different beiween these two groups. These findings
are completely compatible with the report by Uemura et
al. [8]. However, unexpectedly, the cagA status was not
different between these two groups not only in the gastric
antrum but also in the gastric corpus. This suggests that
the status of gastritis, especially in the gastric corpus, is
not affected by the status of the cagA protein in Japanese
subjects. The main cause 1s stifl unclear but this might be
regulated in the step of bacterial adhesion or of intracel-
lular signaling after SHP-2 activation. A previous report
has demonstrated that intragastric status including acid
secretion may be a key factor for the mechanism of corpus

52 Digestion 2006;73:47-53

inflammation induced by the cagA infusion system [23],
but some controversial results have also been published.
It 1is still controversial whether H. pylori in the stomach
is monotonous or heterogeneous. We previously studied
the bacterial resistance for antibiotics and demeonstrated
that the heterogeneity of H. pylori could be found in ap-
proximately 30% of the patients [24]. In the present study,
the sequence of the cagA hot spot is completely identical
between gastric corpus and the antrum in all cases exam-
ined. I{ is unlikely that the heterogeneous distribution as
for cagA subtype could be detected in Japanese patients.
Differing from the drug resistance gene, cagd gene may
be highly conserved and not be under the status of easy
metastability.

The main advantage in this study is the establishment
of a methodology to examine the cagA status using paraf-
fin-embedded sections. Fortunately, by using the paraf-
fin-embedded surgical sections, we succeeded in reducing
the influence of H. pylori floating in the gastric mucous.
Previously, only cagA status (positive or negative) was
determined by using paraffin-embedded sections, and no
report could be found as for the direct sequencing of cagA
gene [25, 26]. Our method seems to be time- and money-
consuming comparing the analysis with the use of fresh
biopsy specimens. However, in old and rare cases, such
as gastric carcinoma in young patients, often we only have
to use the paraffin-embedded sections as a starting mate-
rial. This is the main purpose of our study and we believe
our method may contribute to the further extension in
this field including retrospective studies using old sam-
ples.

However, our protocol may be laborious since it re-
quires the repeated PCR reactions to obtain a high-qual-
ity result. For example, as in our experience, the size of
the PCR product was limited to 100 bp in length and three
times repeated PCR was needed for most cases. In addi-
tion, our experience showed that the results were affected
by the conditions of sample preparation including the
fixation procedure. An immediate fixation after resection
may be important for the maintenance of the good qual-
ity of H. pylori DNA, and the use of buffered formalin
seemed to be essential. Long-term washing of fixed sam-
ples may result in extreme reduction of bacterial number
and should be avoided. Further technical improvement
of our method may be required for application to the
clinical examination in practice. In the next step, it may
be possible to distinguish two types of cagd gene without
sequencing, Actually, the size of the PCR product in each
subtype was different (117 vs. 108 bp) when we used cagA
01-02 primers. As demonstrated in figure 3, we found

Ueda/lIto/Eguchi/Tanaka/Yoshihara/
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some additional bands and these made 1t difficult to dis-

tinguish the cagA pattern only by evaluating the pattern

after electrophoresis. However, 1t 1s important to try to
make better primers for this purpose.

Taken together, this is the first report demonstrating
the cagA status of gastric cancer and duodenal ulcer in
young patients using paraffin-embedded sections. Our re-
sults will provide the next strategy to clarify the difference
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