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and specificity in the non-invasive diagnosis of He/ico-
bacter pylori (H. pylorz) infection, making the UBT one of
the most valuable non-invasive tests for diagnosing H.
pylori infection and eradication throughout the world!™.
This test has been recommended in the 2005 revision of
the guidelines for H. py/erz diagnosis and treatment of the
European Helicobacter study group (Maastricht 7.

The stool antigen test, using polyclonal and monoclo-
nal antibodies, is another non-invasive method for detect-
ing H. pylor’”, with comparable sensitivity and specificity
to the UBT. Maastricht Il has also recommended the
stool antigen test as a simple, easy and useful method for
detecting the presence or eradication of H. pylori”, Native
catalase was recently identified as an antigen produced
by H. pylori. Catalase is characterized by its stability,
and the stool antigen test using a monoclonal antibody
to catalase is both rapid, taking only about 70 min, and
considered morte specific than methods using polyclonal
antibodies™, Although the UBT is non-invasive and the
laboratory procedure is recognized as simple and easy, it
requires a longer period of time and trained medical staff.
Morteover, the UBT is difficult for some patients, includ-
ing children, handicapped individuals with deteriorated
activities of daily life (ADL) and elderly individuals. The
stool antigen test is a simpler analytical process, does not
require as many medical staff members and can be more
readily applied for patients with reduced ADL, children,
and the eldetly.

Proton pump inhibitors (PPIs) have strong antigasttic
secretion effects, as well as being bacteriostatic against
H. pylori. Since UBT may yield false-negative results in
patients being treated with PPIS[S’()], it has been recom-
mended that PPI treatment be suspended for at least 2
wk prior to UBT for H. pylori infection. One of the stool
antigen tests available is the Testmate pyloti antigen en-
zyme immunoassay (BEIA)7, which uses native catalase as
an antigen. Thus, the precision of this test in diagnosing
H. pylori infection should remain stable even duting PPI
treatment. To determine their comparative accuracy in
patients being treated with PPIs, we compated this stool
antigen test and the UBT in patients before and after PPI
administration.

MATERIALS AND METHODS
We assessed 28 patients [16 men and 12 women; mean
age, (63.1 * 5.9) years; range, 25-84 years] who had been
referred to the Department of Gastroenterology at Oita
University Hospital and diagnosed with peptic ulcer, re-
flux esophagitis, or other diseases requiring PPI treatment.
The UBT and stool antigen test were performed be-
fore and after PPI administration. Patients were treated for
> 2 wk with the 3 types of PPI commercially available in
Japan: omeprazole (10 mg/d or 20 mg/d); lansoprazole (15
mg/d or 30 mg/d); or rabeprazole (10 mg/d or 20 mg/d).
Breath samples for UBT were collected before and 20
min after each subject took a 100 mg UBIT tablet® (Ot-
suka Pharmaceutical, Tokyo, Japan). °CO2/"*CO:2 ratios
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Urea breath test

Positive Negative Total
Stool antigen test
Positive 20 2 22
Negative 1 5 6
Total 21 7 28

Sensitivity 95.2% (20/21), specificity 71.4% (5/7), agreement 89.3% (25/28).

were analyzed by INIS (UB{T-IR300; Otsuka Electronics,
Tokyo, Japan), with a cut-off point of 2.5%o.

Stool samples were collected from each patient be-
fore and after PPI treatment, and stored at -80 ‘C until
assayed. The stool antigen test was performed using the
Testmate pylori antigen EIA (Wakamoto Pharmaceutical,
Tokyo, Japan; Kyowa Medex, Tokyo, Japan). An aliquot
of 100 mg stool was diluted into 0.4 mL of diluted buf-
fer, and 50 pL, together with peroxidase-conjugated anti-
catalase monoclonal antibody, were added to a well and
incubated for 1 h at 25 C. Absorbance was measured at
wavelengths of 450 nm and 630 nm, with a cut-off value
of 0.120.

Statistical analysis
Statistical comparisons were performed using the 7 test,
the Wilcoxon signed-rank test, and the paired #test.

RESULTS

Prior to PPI administration, both the UBT and stool
antigen tests yielded positive results in 20 of 28 patients
and negative results in 5. One patient was positive on the
UBT and negative on the stool antigen test, and 2 pa-
tients were negative on the UBT and positive on the stool
antigen test. Using UBT as the standard, the sensitivity,
specificity and agreement of the stool antigen test before
PPI treatment were 95.2%, 71.4%, and 89.3%, respec-
tively (Table 1).

Following PPI administration, both the UBT and
stool antigen test showed positive results in 16 patients
and negative results in 9. Two patients were positive on
the UBT and negative on the stool antigen test, and one
was showed on the UBT and positive on the stool ant-
gen test. Using UBT as the standard, the sensitivity, speci-
ficity and agreement of the stool antigen test after PPI
treatment were 88.9%, 90.9%, and 89.3%, respectively
(Table 2).

Positivity of the UBT and stool antigen test before and
after PPl treatment

The UBT positivity rates were 75.0% (21/28) before and
64.3% (18/28) after PPI treatment (P = 0.55; Table 3).
The stool antigen test positivity rates were 78.6% (22/28)
before and 60.7% (17/28 cases) after PPI treatment (P =
0.15). No significant differences in the positivity ratios of
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Urea breath test

Positive Negative Total
Stool antigen test
Positive 16 1 17
Negative 2 9 11
Total 18 10 28

Sensitivity 83.9% (16/18), specificity 90.9% (9/10), agreement 89.3% (25/28).

Before After P value
PPI treatment PPl treatment
Urea breath test 75.0% (21/28) 64.3% (18/28) 0.55
Stool antigen test  78.6% (22/28) 60.7% (17/28) 0.15

PPI: Proton pump inhibitor.

the two assays were observed before (P = (0.75) or after (P
= 0.58) PPI treatment.

Measured values for UBT (*C02/*CO: ratios) and stool
antigen test (A values) before and after PP treatment
The mean UBT values were 23.98% T 5.33% before and
16.19% * 4.75% after PPI treatment (P = 0.068), and
were 24.53% + 8.53% and 12.58% + 4.49%, respectively
(P = 0.048), in the 15 patients treated with PPIs for = 4
wk (Figure 1).

The mean A ratios on the stool antigen test were 1.16
+ 0.20 before and 1.17 * 0.24 after PPI treatment (P =
0.989), and were 1.02 + 0.26 and 0.69 * 0.28, respectively
(P = 0.099), in the 15 patients treated with PPI for = 4

wk (Figure 2).

DISCUSSION

The stool antigen test is a non-invasive test for H. pylors,
similar to the UBT. The test is simple and easy to per-
form, with good sensitivity and specificity™. An analysis
of 89 reports found that the mean sensitivity, specificity,
positive predictive value and negative predictive value
were 91%, 93%, 92%, and 87%, respectively, among 10
858 subjects who were not treated with H. pylori eradica-
tion therapy”. In addition, 8 reports of tests with mono-
clonal antibody showed significantly better results (P <
0.001), with mean sensitivity, specificity, positive predic-
tive value and negative predictive value of 96%, 97%,
96%, and 97%, respectively. The Maastricht Il guidelines
have found that the reliability of the stool antigen test is
compatable to that of the UBT.

Despite its non-invasive nature, and high sensitivity
and specificity, the UBT can lead to false-negative results
in patients treated with drugs showing bacteriostatic ac-
tivity against H. pylors, such as PPIs, or inhibiting urease
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Figure 1 Urea breath test results {°C02°C0z ratios) before and after pro-
ton pump inhibitor treatment. UBT resulls in all 28 patients were not altered
by PPI treatment (P = 0.088). However, among patients treated for = 4 wk,
UBT results decreased significantly after PPI treatment (P = 0.048). UBT: Urea
breath test; PPI: Proton pump inhibitor.
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Figure 2 Stool antigen test results {AssdAse ratios) before and after proton
pump inhibitor treatment. PPI treatment did not significantly alter stool anti-
gen test results, both in all patients (P = 0.989) and in those freated for = 4 wk (P
=0.099). PPI: Proton pump inhibitor.

. [5,69-12 . .
activity™ "3, In those studies, the false-negative rates

of the UBT in patients treated with omeprazole or lan-
soprazole for 2 wk or 4 wk were = 50%. We previously
observed false-negative UBT results in 1 of 16 patients
(6.3%) treated with 30 mg/d lansoprazole for 2 wk".
Several studies have also reported that the rate of false-
negative results on the stool antigen test also increase in
patients treated with PPI">". A compatison of stool an-
tigen test and UBT results for 9 H. pylori-positive patients
receiving PPI for 2 wk found a smaller degree of change
on the stool antigen test than on the UBT",

The authors found that, before PPI treatment, the
stool antigen test showed high sensitivity, but lower speci-
ficity (71.4%). This was likely due to the small number
of patients showing negative results on the UBT (# = 7).
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Similarly, although many reports have shown high sensi-
tivity and specificity for stool antigen tests, others have
reported lower specificity (54%-78%)%.

The sensitivity of the stool antigen test fell slightly
after PPI administration, but its specificity remained high
level (90.9%). The concordance rate of UBT and stool
antigen test results was high (89.3%) before and after PPI
administration. Using the UBT as standard, the stool an-
tigen test showed good sensitivity and specificity both be-
fore and after PPI administration. Although stool antigens
have generally shown high sensitivity and specificity, diver-
gent sensitivity and specificity between the UBT and stool
antigen test have been reported[lﬂ. However, increasing the
cut-off for the stool antigen test reduced the percentage
of conflicting results"’. This discrepancy was attributed
to the urease-based UBT not detecting the coccoid form
of H. pylori, as well as the low cut-off index for the stool
antigen test. The discrepancies we observed, with positive
results on the stool antigen test and negative results on the
UBT, were likely due to the same mechanism.

There were no significant differences in positive rates
on the UBT and stool antigen test before and after PPI
therapy, suggesting that the stool antigen test is a use-
ful and reliable diagnostic test for H. pylor, similar to the
UBT. The positivity rate for UBT decreased from 75.0%
before to 64.3% after PPI administration, and the posi-
tivity rate for the stool antigen test decreased from 78.6%
to 60.7%. These reductions indicate that the stool antigen
test should be performed after limiting PPI administra-
tion as much as possible, but that, when PPI treatment
cannot be stopped, the stool antigen test shows compa-
rable utility to the UBT. Although both the stool antigen
test and UBT results did not change significantly from
before to after PPI treatment, the reductions were much
less pronounced on the stool antigen test than on the
UBT. Moreovet, in patients treated for = 4 wk, UBT, but
not stool antigen test, results decreased significantly after
PPI treatment. These findings indicate that, while the re-
sults of both assays were influenced by the bacteriostatic
actions of PPIs, the stool antigen test was less influenced
than the UBT.

Although several studies have reported increased false-
negative results for the stool antigen test duting PPI treat-
ment"™*, we found that stool antigen test results were
more stable than UBT results in patients being treated
with PPIs.

Despite the benefits of the UBT as a non-invasive
test for H. pylord"” and the slightly lower accuracy of
the stool antigen test, the latter has several advantages,
including ease, rapidity and lower cost. Others have also
reported that the stool antigen test is highly sensitive and
specific, with high utility due to the speed and simplicity
of testing"”,

The 2005 Maastricht Ill consensus report recommend-
ed that the stool antigen test be used for diagnosis when
the UBT is unavailable”. The numbers of patients receiv-
ing PPI therapy have been increasing around the world,
and many patients have difficulty undergoing the UBT,
such as elderly patients and patients with reduced ADL. In
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these patients, the stool antigen test should be considered
reliable and useful.

In conclusion, the stool antigen test showed stable
results even during PPI treatment as well as sensitivity
comparable to the UBT. In patients treated with PPI for
= 4 wk, the stool antigen test showed more stable results
than the UBT. The stool antigen test is therefore a useful
and reliable diagnostic method for H. pylori infection.

Backgroun

Although the urea breath test (UBT) is a reliable, non-invasive diagnostic test
for Helicobacter pylori (H. pylori), it has a potential for false-negative results in
patients treated with proton pump inhibitor (PPI). The stool antigen test is an-
other useful, easy to perform, non-invasive assay for H. pylori, with high sensi-
tivity and specificity. However, the effects of PP treatment on stool antigen test
results are unclear.

Research frontiers

Due to the increase in patients with gastroesophageal reflux disease and those
treated with nonsteroidal anti-inflammatory drugs, the numbers treated with
PPIs has increased throughout the world. Thus, reliable diagnostic tests for H.
pylori are needed for patients treated with PPIs. The study describe the utility of
a stool antigen test, using the TestMate pylori enzyme immunoassay, in patients
treated with PPIs.

Innovations and breakthroughs

Although many studies have reported results of stool antigen tests in patients
treated with PPIs, none has assessed the relationship between measured value
of stool antigen test and UBT results. To our knowledge, this study is the first
to clarify the stability of the stool antigen test, relative to the UBT, in patients
treated with PPIs.

Applications

Elderly patients and those with reduced daily activities who are treated with
PPIs have increased. The UBT is somewhat difficult to perform in these pa-
tients. The authors found that the stool antigen test may be a useful alternative
to the UBT in these patients.

Terminology

The stool antigen test is a diagnostic assay for H. pylori. which identifies H. py-
lori antigens in feces using antigen-antibody reactions. This non-invasive assay
has equal sensitivity and specificity to the UBT, and may be especially useful
for children or elderly patients.

Peer review

The manuscript is well written. The methods are adequate. The results justify
the conclusions drawn.
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Elevated risk of colorectal adenoma with Helicobacter
pylori-related chronic gastritis: a population-based
case-control study
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This study investigated correlations between Helicobacter pylori infection or chronic atrophic gastritis (CAG) and risk of colorectal
adenoma in a population-based case-control study. Subjects comprised asymptomatic, middle-aged, male Japanese factory workers
who participated in an annual health check-up program, including cancer screening with colonoscopy. We selected 239 colorectal
adenoma cases based on histological evaluation and 239 age-matched adenoma-free controls, and evaluated colorectal adenoma risk
according to stage of H. pylori-related chronic gastritis as determined by serum tests for H. pylori antibody titer and pepsinogen.
Subjects with colorectal adenoma were more likely to be smokers and have hypercholesterolemia. H. pylori infection was a risk factor
for adenoma as a whole (crude odds ratio [OR]: 2.26, 95% confidence interval [Cl]: 1.44~3.55). Analysis of distal adenoma cases
showed that adenoma risk was significantly increased in the presence of H. pylori infection, but there was no further increase in risk
with CAG. In contrast, proximal adenoma risk increased stepwise with the presence and progression of H, pylori-related chronic gastritis
and showed a maximal and significant increase with CAG (crude OR: 4.51, 95% Cl: 1.43-14.2). Subjects with more extensive and severe

gastritis showed still higher risk not only for proximal but also for distal adenoma. H. pylori-related chronic gastritis is likely to be
involved in the development of colorectal necplasms, and its progression appears to increase the risk, particularly for proximal
adenomas. Knowing the H. pylori-related chronic gastritis stage will probably be useful for evaluation of risk for colorectal neoplasia.

Helicobacter pylori infection induces chronic inflammation in
the stomach mucosa of both humans and animals, and
H. pylori-related chronic gastritis is deeply involved in the devel-
opment of gastric neoplasms, such as adenoma or cancer.!
H. pylori infection is now widely accepted as a major driving

Key words: colorectal adenoma, pepsinogen, chronic atrophic
gastritis, case-control study, cancer risk
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gastritis; CL: confidence interval; CIMP+: CpG island methylator
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TC: total cholesterol; TG: triglyceride

Grant sponsor: Cancer Research from the Ministry of Health, Labor
and Welfare of Japan

DOI: 10.1002/ijc.25931

History: Received 21 Jul 2010; Accepted 22 Dec 2010; Online 10 Jan
2011

Cerrespondence fo: Izumi Inoue, Second Department of Internal
Medicine, Wakayama Medical University, 811-1 Kimiidera,
Wakayama City, Wakayama 641-0012, Japan, Tel: +81-734-47-2300,
Fax: +81-734-45-3616, E-mail: izumiino@wakayama-med.ac.jp

Int. ). Cancer: 129, 2704-2711 (2011) © 2011 UICC

force in the progression of a series of carcinogenic cascades
representing the gastritis-atrophy-metaplasia-dysplasia-cancer
sequence.” Our previous seroepidemiological study clearly dem-
onstrated a positive correlation between progression of chronic
gastritis and risk of gastric cancer. Subjects with extensive chronic
atrophic gastritis (CAG), as determined by serum pepsinogen
(PG) levels, showed an annual cancer incidence rate of 0.24%.3
Recently, promotion of tumor development by H. pylori
infection in extragastric target organs has been reported.* In
addition, some clinical and epidemiological studies have
revealed close correlations between incidence rates of gastric and
colorectal mucosal neoplasms.>® Furthermore, previous studies
have suggested that the most common second primary site of
synchronous and metachronous cancer in cases of gastric cancer
is the colorectum.”® In Japan, areas with high age-adjusted mor-
tality rates from stomach cancer among the 47 municipal
districts, such as Wakayama Prefecture (51.1/100,000 person-
years), have also reported high rates of colorectal cancer mortal-
ity (38.4/100,000 person-years).” Progressive chronic gastritis
induced by persistent H. pylori infection leads to extensive glan-
dular atrophy and reduced acid secretion, which induces hyper-
gastrinemia, a putative trophic factor for large bowel mucosa,'®
and it alters the gastrointestinal microenvironment composed
of bacterial flora,'! and thus may contribute to colorectal
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carcinogenesis. On the basis of these findings, we investigated
the possibility that gastric cancer/adenoma and colorectal can-
cer/adenoma have common risk factors of H. pylori infection
and/or its end result, CAG. The aim of our study was to examine
etiological links among precancerous colorectal lesions, adeno-
mas and H. pylori infection or CAG.

Katerial and Methods

Subjects

Between April 1996 and March 2004, a total of 4,655 mid-
dle-aged male factory workers (mean age = standard
deviation [SD]: 49.5 * 4.6 vyears; range: 40-59 years)
underwent annual health check-ups at a workplace in
Wakayama City, located in the southwestern part of the
main island of Japan. All patients were inhabitants from
the Wakayama area. This type of screening program is
common in various workplaces throughout Japan to detect
incident diseases in early stages. Thus, subjects were symp-
tom-free and workers with symptoms requiring prompt
medical care were excluded from the study. As a result, all
subjects in this study could be considered to represent
healthy Japanese individuals. '

_As part of the screening program, study subjects under-
went a series of screening tests and procedures: an inter-
view to ascertain general state of health, physical examina-
tion, chest radiography, electrocardiography, blood
laboratory testing, urinalysis and barium X-ray. In addition,
subjects could select to undergo screening for colorectal

cancer using their preferred method among fecal occult

blood testing (FOBT), barium enema or colonoscopy. Dur-
ing the study period, a total of 1,605 middle-aged men
underwent colonoscopy for cancer screening. Subjects with
a previous history of colorectal neoplasia or inflammatory
bowel disease were excluded from the study. In addition,
subjects who underwent colonoscopy because of positive
FOBT or a positive finding on barium enema were also
excluded. As a result, a total of 1,019 subjects were ana-
lyzed for the study. When each case of colorectal adenoma
was identified, an age-matched control (within 3 years)
was randomly selected from among the participants of the
health check-up program who were confirmed to be colo-
rectal neoplasm-free.

Questionnaire

Information about baseline characteristics (age, height,
weight, sociodemographic characteristics, personal medical
history, family history, smoking and alcohol consumption)
was obtained from the questionnaire completed at the time
of the aforementioned interview.

Evaluation of CAG and H. pylori infection

Aliquots of separated sera from blood samples collected as
routine laboratory tests for the general health check-up
were stored below —20°C until measurement of serum
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levels of H. pylori immunoglobulin (Ig) G antibody titer
and serum PG. H. pylori IgG antibody titers were measured
using an enzyme-linked immunosorbent assay (ELISA)
(MBL, Nagoya, Japan). Antibody titers >50 U/ml were clas-
sified as indicating H. pylori infection. The sensitivity and
specificity of the ELISA used in our study were 93.5% and
92.5%, respectively.'” Seram PG levels were measured using
PGI/PGII RIA-Bead Kits (Dainabbot, Tokyo, Japan), which
use a modified radioimmunoassay method that we previ-
ously established.”® Subjects with extensive CAG were diag- .
nosed on the basis of the previously described PG test-posi-
tive criteria (PG I < 70 ng/ml and PG VI < 3.0).%%
These criteria have 70.5% sensitivity and 97% specificity."*
Subjects who had been prescribed medications before exam-
ination that might affect gastrointestinal function, such as
proton pump inhibitors, H2 blockers or nonsteroidal anti-
inflammatory drugs, as well as subjects who had a previous
history of gastric resection, H. pylori eradication therapy or
renal failure, were excluded from analysis of PG test results.
In our study, all but four CAG cases diagnosed by the
above PG-test positive criteria were H. pylori-antibody posi-
tive. Endoscopic examination of these four H. pylori-negative
CAG cases (one control and three adenoma cases) revealed
extensive metaplastic gastritis involving both antrum and cor-
pus. Thus, the negative result for H. pylori antibody is con-
sidered to reflect a spontaneous eradication of the bacteria,
an end result of the progression of H. pylori-related CAG.
Furthermore, the prevalence of autoimmune gastritis is
extremely low in Japan; the incidence rate is reported to be
0.6/100,000 person-years,'® Thus, the possibility of autoim-
mune gastritis in the analyzed CAG cases including these
four H. pylori-negative cases is considered to be negligible.

Screening for colorectal neoplasia

Subjects who selected colonoscopy for colorectal cancer
screening underwent a full colonoscopic examination with
adequate bowel preparation. A colonoscope (CF 240 I, Olym-
pus, Tokyo, Japan) was inserted to the cecum, except in cases
with advanced adenocarcinoma. The adenoma cases were
classified into three groups according to the location of the
detected polypoid lesion: proximal (cecum, ascending colon,
hepatic flexure and transverse colon), distal (splenic flexure,
descending colon, sigmoid colon and rectum) and bilateral
(lesions located in both sides). All polypoid lesions found
during colonoscopy were biopsied, immediately fixed in 10%
formalin and embedded in paraffin. Tissue sections were
stained with hematoxylin-eosin and examined under light
microscopy. Routine histological evaluation was performed
by staff pathologists. ‘

The retrospective analysis of the clinical data in our study
was approved by the ethics committee of Wakayama Medical
University. Informed consent for the use of the clinical data
from the health check-up was obtained from the screened
subjects at the time of their first screening.
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Table 1. Baseline characteristics of study subjects

H. pylori-related chronic gastritis and colorectal adenoma ﬁsk

Control Case Proximal Bilateral Distal
n = 239 n = 239 p' n =38 p' n=78 pt n=123 g

Age {years)
Mean (5D) 49.4 (4.3) 49.9 (3.9) 0.21 49.7 (3.9) 0.71 49.6 (3.8) 0.65 50.1 (4.0) 0.14
BMI (kg/m?)
Mean (SD) 23.4 (2.9) 23.7 (2.8) 0.16 23.7 (2.5) 0.53 24.0 (2.7) 0.08 23.6 (3.0) 0.50
Current smoker 103/136 83/156 0.08 18/20 0.75 18/60 0.002 47/76 0.43
G/
Alcohol use (-)/()* 73/166 62/177 031 9/29 0.5 18/60 0.26  35/88 0.77
TC {mg/di)
Mean (SD) 204.5 (31.3) 210.0 (34.2) 0.07 205.1 (39.3) 0.92 207.6 (32.8) 0.44 212.9 (33.3) 0.02
16 (mg/dl)
Mean (SD) 167.7 (130.3) 183.1 (137.6) 0.21 175.0 (94.4) 0.74 205.3 (155.4) 0.06 171.5 (136.0) 0.79
H. pylori 1gG (U/m))
Mean (SD) 288.0 (479.7) 352.0 (462.6) 0.14 354.7 (463.4) 0.42 316.4 (438.8) 0.63 373.8 (479.1) 0.11
PG I (ng/ml)
Mean (SD) 58.7 (29.5) 58.1 (25.9) 0.81 54.5 (23.3) 0.4 59.2 (23.6) 0.89 58.6 (28.0) 0.96
PG Il (ng/ml)
Mean (SD) 15.8 (10.0) 18.5 (11.0) 0.006 18.1 (8.7) 0.18 18.0 (10.7) 0.10 18.9 (11.8) 0.02
PG i/l
Mean (SD) 4.4 (2.2) 3.7 (1.8) <0.001 3.3 (L.7) 0.003 3.9 (1.9) 0.03 3.6 (1.8) <0.001
Clinicopathological features
Size )

The proportion of the cases with adenoma <10 mm (%) 177/239 (74.1) 32/38 (85) 49/78 (62.7) - 96/123 (77.9)

The proportion of the cases with adenoma >10 mm (%) 62/239 (25.9)  6/38 (15) 29/78 (37.3)> 27/123 (22.1)

Number

The proportion of the cases with a single adenoma (%)

The proportion of the cases wifh two or more adenoma (%)
Histopathology ,

The proportion of the cases with tubular adenoma (%)

The proportion of the cases with tubulovillous, villous adenoma (%)
The grade of dysplasia

The proporﬁoﬁ of the cases with mild or moderate adenoma (%)

The proportion of the cases with sevear adenoma (%)

120/239 (50.2) 31/38 (81.6) 0/78 (0) 89/123 (72.3)

119/239 (49.8) 7/38 (18.4)  78/78 (100) 34/123 27.7)
228/239 (95.4) .36/38 (95) 76/78 (98) 116/123 (94.1)
11/239 (4.6) 2/38 (5) 2/78 (2) 7/123 (5.9)

226/239 (94.6)
13/239 (5.4)

35/38 (92.1)
3/38 (7.9)

73/78 (93.6)
5/78 (6.4)

118/123 (95.9)
5/123 (4.1)

“Two-sided p-values for the difference between cases and controls were based on the x* test and f test. 2Drinking alcohol at least once a week for

the past 5 years.’p < 0.05 : vs proximal based on 37 test.

Abbreviations: BMI, body mass index; TC, total cholesterol; TG, triglycerides; PG, pepsinogen; CAG, chronic atrophic gastritis; SD, standard deviation.

Statistical analysis

Data were analyzed using SPSS version 11.0 (Chicago, IL)
and STATA (College Station, TX). Data for continuous varia-
bles were expressed as mean * SD, and the differences were
tested for significance using ¢ tests for comparison of two
groups and analysis of variance (ANOVA) for comparison
among multiple groups. Categorical variables were compared
using the chi-squared test. Odds ratios (ORs) and 95% confi-
dence intervals (Cls) were used to describe associations. ORs
with corresponding 95% CIs were obtained by conditional
logistic regression analysis. Trend tests were assessed using

an ordinal score for each categorical variable. All two-sided
p-values less than 5% were considered statistically significant.

Results

In our study, 239 middle-aged men with colorectal adenoma
were identified. Although four cases of adenocarcinoma were
also detected during the study period, they were excluded
from the study because of the small number. The same num-
ber of age-matched adenoma-free controls was randomly
selected from among asymptomatic middle-aged factory
workers. Baseline characteristics of colorectal adenoma cases

Int. J. Cancer: 129, 2704~2711 (2011) © 2011 UICC
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Table 2. Association between Helicobacter pylori infection or chronic atrophic gastritis and colorectal adenoma
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Controls Total adenoma cases Proximal Bilateral Distal
(n = 239) (n = 239) (n = 38) (n=78) (n=123)
H. pylori infection
=) 72 38 5 16 17
- 167 201 33 62 106
Crude OR (95% C)) 1 2.26 (1.44-3.55) 2.85 (1.07-7.58) 1.67 (0.90-3.10) 2.69 (1.50-4.81)
Adjusted ORl‘ ©95% C) 1 2.52 (1.57-4.05) 2.84 (1.07-7.58) 1.72 (0.92-3.22) 2.88 (1.60-5.21)
CAG
) 176 162 22 56 84
) 63 77 . 16 22 39
Crude OR (95% Cf) 1 1.31 (0.89-1.93) 2.03 (1.004~4.11) 1.10 (0.62-1.94) 1.30 (0.81—2.09)
Adjusted OR? (95% Ci) 1 1.45 (0.97-2.17) 2.03 (0.99-4.14) 1.17 (0.65-2.10) 1.38 (0.85-2.24)

*Adjusted for current smoking status and total cholesterol by conditional logistic regression analysis.
Abbreviations: OR, odds ratio; Cl, confidence interval; CAG, chronic atrophic gastiitis.

and controls are summarized in Table 1. No significant dif-
ferences in mean age, body mass index (BMI), alcohol con-
sumption or serum triglyceride levels (TG) were apparent
between cases and controls. Smoking and hypercholesterole-
mia tended to be more frequent among cases (p < 0.1),
reflecting those of bilateral and distal adenoma cases, respec-
tively. Therefore, smoking habits and total serum cholesterol
(TC) levels were included in the model to control for con-
founding effects in the following analyses. The serum PG II
level was significantly higher in cases than in controls, espe-
cially among distal adenoma cases, while the PG I/II ratio

was significantly lower among adenoma cases irrespective of

their location. The clinicopathologic features of the adenoma
cases are also shown in Table 1. The proportion of cases
with a lesion >10 mm in size and the proportion of cases
with two or more lesions were larger in bilateral, distal and
proximal adenoma cases, in that order. A significant differ-
‘ence was observed between bilateral and proximal cases.
. There was no significant difference in the histopathology or
the grade of dysplasia according to the location of the polyps.
Since PG II and the PG I/II ratio are believed to reflect
the activity of inflammation and extent of atrophy, respec-
tively, during the course of H. pylori-related chronic gastri-
tis,'” % further analyses were performed with special refer-
ence to the infection. Table 2 shows that H. pylori infection
was significantly more prevalent among cases (84.1%) than
among controls (69.9%), with a crude OR of 2.26 (95% CI:
1.44-3.55) (Table 2). The risk of adenoma was significantly
elevated by H. pylori infection regardless of its location, both
in the proximal and distal colon, although there was no
increase in risk in bilateral adenoma cases. The percentage of
subjects with CAG, as determined by serum PG levels using

the criteria of PG < 70 ng/ml and PG I/IT < 3.0, was 32.2%

in cases and 26.4% in controls, indicating that the presence
of CAG did not lead to a significant increase in the risk
of colorectal adenoma (crude OR: 1.31; 95% CI: 0.89-1.93)
(Table 2). Although adenoma risk was marginally signifi-

Int. J. Cancer: 129, 2704-2711 (2011) © 2011 UICC

cantly elevated by the presence of CAG in a subgroup of sub-
jects with proximal adenoma, the adjusted OR showed no
significantly increased risk.

H. pylori-related chronic gastritis can be classified into three
stages based on the results of the two serologic tests: H. pylori
antibody titer and PG (3). The classification reflects each stage
of a serial change in stomach mucosa induced by chronic H.
pylori infection. The three groups were: Group A: H. pylori-
negative and PG test-negative; Group B: H. pylori-positive and
PG test-negative; and Group C: PG test-positive. Group A cor-
responds to an H. pylori-free healthy stomach, Group B corre-
sponds to H. pylori-related nonatrophic gastritis and Group C
corresponds to the presence of extensive CAG. Table 3 shows
the correlations between these three stages of H. pylori-related
chronic gastritis and risk of colorectal adenoma. The presence
of H. pylori-related chronic gastritis significantly increased the
risk for colorectal adenoma as a whole {Group B: crude OR:
2.61, 95% CI: 1.54-4.41), but the progression of chronic gastri-
tis and resulting CAG development did not show any further
increase in the risk of adenoma (Group C: crude OR: 2.30, 95%
CI: 1.38-3.83). There was no significant difference in risk
between Groups B and C (crude OR: 1.01, 95% CI: 0.66-1.54).
Cases were further stratified into three groups based on loca-
tion of the tumor (proximal, distal or bilateral). The risk of dis-
tal adenoma, a major subgroup of colorectal adenoma, was sig-
nificantly increased with H. pylori infection (Group B: crude
OR: 2.87, 95% CI: 1.54-5.35), but there was no further increase
in risk with the presence of CAG. In contrast, analysis of proxi-
mal adenoma cases showed that the adenoma risk increased in
a stepwise manner with the presence and progression of H.
pylori-related chronic gastritis, and it showed a maximal and
significant increase in the presence of H. pylori-related CAG
(Group C: crude OR: 4.51, 95% CI: 1.43~14.2). Bilateral ade-
noma cases showed no significant risk elevation in the presence
of either H. pylori infection or CAG.

Stricter criteria for positive PG I (<30 ng/ml) and PG I/1I ra-
tio (<2.0) are used to detect subjects with more extensive and
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Table 3. Association between development of colorectal adenoma and stage of Helicobacter pylori-related chronic gastritis

Controls Total adenoma cases Proximal Bilateral Distal
H. pylori CAG (n = 239) (n = 239) (n = 38) (n =178 (n=123)

Group A o = 71 35 4 15 16
Group B +) - 105 127 18 41 68
Group C 8} 63 77 16 22 39
Crude OR )
A:B (95% Ci) 1 2.61 (1.54—-4.41) 3.04 (0.99-9.37) 1.85 (0.95-3.59) 2.87 (1.54-5.35)
A:C (95% CN) 1 2.30 (1.38-3.83) 4.51 (1.43-14.2) 1.65 (0.79-3.46) 2.75 (1.40-5.39)
B:C (5% CI) 1 1.01 (0.66-1.54) 1.48 (0.71-3.11) 0.89 (0.49-1.64) 0.96 (0.58-1.58)
Adjusted OR?
A:B (95% Cl) 1 2.81 (1.64-4.81) 3.06 (0.99-9.42) 1.85 (0.94-3.62) 3.05 (1.62-5.73)
A:C (95% CI) 1 2.70 (1.58-4.62) 4.51 (1.43-14.2) 1.76 (0.83-3.74) 3.05 (1.54—-6407)
B:C (95% C) ' 1 1.04 (0.68-1.60) 1.54 (0.73-3.27) 0.94 (0.51-1.75) 1.00 (0.60-1.66)
Trend (p value) 0.002 0.009 0.188 0.007

TAdjusted for current smoking status and total cholesterol by conditional logistic regression analysis.
Abbreviations: CAG, chronic atrophic gastritis; OR, odds ratio; Cl, confidence interval.

Table &. Association between development of colorectal adenoma and stage of Helicobacter pylori-related chronic gastritis (PG test-positive

criteria : PGl < 30 ng/ml, PG I/l < 2)

Controls Total adenoma cases Proximal Bilateral Distal

H. pylori CAG (n = 239) (n = 239) (n = 38) (n=78) (n =123)
Group A (&) -) 71 35 4 15 16
Group B ) =) 155 180 29 56 95
Group C €] 13 24 5 7 12
Crude OR
A:B (95% C)) 1 2.36 (1.49-3.73) 3.32 (1.12-9.80) 1.71 (0.91-3.23) 2.72 (1.49-4.95)
A:C (95% CI) 3.75 (1.70-8.23) 6.83 (1.61-28.9) 2.55 (0.87-7.46) 4.10 (1.58-10.6)
B:C (95% Ci) 1 1.59 (0.78-3.23) 2.06 (0.68-6.21) 1.49 (0.57-3.93) 1.51 (0.66-3.44)
Adjusted OR?
A:B (95% CD 1 2.45 (1.54-3.90) 3.33 (1.13-—9_.83) 1.75 (0.92-3.33) 2.91 (1.58-5.36)
A:C (95% CI) 1 4.20 (1.88-9.40) 7.00 (1.64-29.9) 2.67 (0.88-8.12) 5.16 (1.92-13.9)
B:C (95% CI) 1 1.73 (0.84-3.58) 2.31 (0.75-7.11) 1.48 (0.55-4.04) 1.76 (0.75-4.12)

Trend {p value)

0.005

0.049

<0.001

<0.001

*Adjusted for current smoking status and total cholesterol by logistic regression analysis.
Abbreviations: PG, pepsinogen; CAG, chronic atrophic gastritis; OR, odds ratio; Cl, confidence interval.

severe CAG." Using these criteria in the study subjects, 31.2%
(24/77) who were diagnosed as CAG positive by the less strict cri-
teria (PG I < 70 ng/mi and PG I/II < 3.0) were considered to be
in a more advanced stage of CAG. Table 4 shows that these
advanced-stage CAG subjects were at even higher risk for proxi-
mal adenoma (crude OR: 6.83, 95% CI: 1.61-28.9), and they were
also at higher risk for distal adenoma (crude OR: 4.10, 95% CL:
1.58-10.6) compared to CAG-positive subjects diagnosed by the
less strict criteria (PG I < 70 ng/ml and PG I/IT < 3.0). In con-
trast, the adenoma risk of H. pylori-infected CAG-free subjects
detected by the stricter criteria was at a comparable level to the
subjects diagnosed by the less strict criteria.

Biscussion

Our study investigated correlations between H. pylori infec-
tion and risk of colorectal adenoma. Once established in the
stomach mucosa, H. pylori-related chronic gastritis is gener-
ally believed to trigger a series of events involved in stomach
carcinogenesis, as the gastritis-atrophy-metaplasia-dysplasia-
cancer sequence.” We therefore stratified study subjects based
on the stage of H. pylori-related chronic gastritis as deter-
mined by two serum tests (H. pylori antibody titer and PG)
and then evaluated. colorectal adenoma risk in each stage. As
a result, our study clearly indicated that H. pylori infection
was a risk for colorectal adenoma, which is consistent with

Int. J. Cancer: 129, 2704-2711 (2011) © 2011 UICC
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the results from a limited number of previous hospital-based
case-control studies®®®! and comparative studies™®® that
reported an increased risk of colorectal neoplasia with H.
pylori infection. However, most of these studies were con-
founded by uncontrolled factors, so the relationship between
colorectal cancer/adenoma and H. pylori infection remained
unclear. The present population-based case-control study of
middle-aged male factory workers was adjusted by potentially
confounding factors and clearly demonstrated an increase in
the risk of colorectal adenoma in the presence of H. pylori
infection, although there remains a possibility of uncontrolled
confounding factors remaining.

As for the correlation between colorectal neoplasia and
CAG, to the best of our knowledge, a single report by
Machida et al. showed an insignificant increase in the preva-
lence of CAG among colorectal cancer patients in a hospital-
based case-control study.”’” Likewise, in our study, the pres-
ence of CAG, as determined by serum PG level, did not con-
tribute to an increase in colorectal adenoma risk as a whole.
Accumulating evidence suggests that the risk of colorectal ne-
oplasia associated with various environmental and genetic
. factors differs for proximal and distal neoplasms,*® probably
reflecting two recently proposed and different tumorigenic
pathways based on the molecular features of CpG Island
methylator phenotype (CIMP+) and microsatellite instability
{MSI+) predominantly occurring in the proximal colon, and
chromosomal instability (CIN) occurring in the distal co-
lon*® Adenoma cases were thus stratified into proximal and
distal groups, and the adenoma risk of each group was ana-
lyzed. As a result, a subgroup of subjects with proximal ade-
noma showed a stepwise increase in adenoma risk with the
presence and progression of H. pylori-related chronic gastri-
tis, and it reached a maximal and significantly high risk level
with the development of CAG, whereas the adenoma risk of
the major subgroup with distal adenoma showed no further
increase with the development of CAG after H. pylori infec-
tion. Furthermore, the adenoma risk for both proximal and
distal cases appeared to be still higher in about a third of the
subjects with CAG, who were in a more advanced stage.
Given all these findings, H. pylori infection is likely to be
involved in the development of colorectal adenoma, and the
resultant CAG and its progression appears to further increase
the risk, particularly for proximal adenoma.

Various interpretations have been suggested for the mech-
anism by which H. pylori is involved in an increased risk of
colorectal neoplasia. First, H. pylori infection increases gastrin
secretion, which could contribute to colorectal carcinogenesis
by inducing mucosal cell proliferation in the colon.'® As for
the correlation between colorectal neoplasia and gastrin, a
limited number of epidemiological studies have been done
with inconsistent results, some indicating positive correla-
tions”>*® and others, including a recent large nested case-
control study, finding no correlation.”®?" The differences in
these results might be attributable to gastrin precursors such
as progastrin or glycine-extended gastrin acting as more im-
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portant promoters of colorectal carcinogenesis than the fully
amidated form of the hormone measured by most commer-
cially available assays.'®** Second, H. pylori infection might
also affect the normal gastrointestinal flora, which contributes
to colorectal carcinogenesis,”>> as a result of the reduced
gastric acid secretion caused by H. pylori-related chronic
gastritis, ,

Previous studies have indicated that the presence of an en-
teric infection and bacterial overgrowth, including intestinal
bacteria, are considered to be directly related to a reduction in
gastric acid secretion.”*"*® Indeed, our previous study revealed
that CAG-positive asymptomatic middle-aged subjects, as
determined by serum PG levels of PG I < 70 ng/ml and PG I/
II ratio of < 3.0, were found to have more colonic microflora
than CAG-negative subjects."’ Bacterial overgrowth is reported
to lead to an increase in unabsorbed nutrients in the lower
intestine due to impaired gastric protein digestion,” so some
metabolites derived from bacterial fermentation of malab-
sorbed proteins probably play a role in the etiopathogenesis of
colonic disorders, including epithelial neoplasia.*>*

In the present results, the association between CAG and ad-
enoma appeared to be particularly high in the proximal colon,
but the reason for this is currently unclear. As described above,
altered DNA methylation is proposed to be involved in the car-
cinogenic process of the proximal colon, and it is also known
that chronic inflammation induces aberrant DNA methylation
in normal tissues.*> From this viewpoint, it is interesting that
interleukin-6, a pro-inflammatory cytokine, whose polymor-
phisms are involved in the susceptibility to various cancers, is
reported to induce expression and activity of DNA methyl-
transferase.” Thus, it is possible that CAG-induced colonic
bacterial overgrowth can generate methylation changes to
which the proximal colon is more susceptible. In addition, co-
lonic bacterial overgrowth is also known to lead to an
enhanced production of secondary bile acids, which are
reported to increase the risk for proximal colon cancer.** Also,
bile acids are presumed to cause DNA damage and activation
of the carcinogenic pathway involving DNA methylation par-
ticularly in proximal colonic mucosa, and finally lead to the de-
velopment of cancer.>*® Third, H. pylori urease could turn
gastric juice urea into ammonia and carbon dioxide,”” which
might also affect the normal gastrointestinal flora and contrib-
ute to colorectal carcinogenesis. Some studies have correlated
high concentrations of luminal ammonia with colon carcino-
genesis.*® Fourth, subjects with H. pylori infection might have
lifestyles that increase susceptibility to carcinogenesis of the
stomach and the rest of the gastrointestinal tract.

This study had some limitations. First, the subjects were
asymptomatic men who were susceptible to colon cancer
because of their age and who were self-referred for colono-
scopy. As such, these subjects may have had a different over-
all prevalence of colorectal adenoma and risk profile for colo-
rectal cancer compared to the general working population. It
is also possible that the subjects were more health-conscious
or had undisclosed reasons for suspecting they had colorectal
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disease, Although we do not claim a complete absence of
selection bias, the prevalence of colorectal adenoma (23.5%)
in our study is in a range similar to the recently reported
value of 26.5%, based on colonoscopy, of asymptomatic sub-
jects in Japan.*” Second, patients with hypergastrinemia and
hyperchlorhydria secondary to Zollinger-Ellison syndrome
show increased proliferation of rectal mucosa,”® and Machida
ef al. reported that atrophic gastritis with gastric acid reduc-
tion (presence of CAG) might increase the risk of rectal can-
cer.”’ However, we failed to detect a significant association
with rectal adenoma, as we did not have a sufficient sample
size for tumors located only in the rectum. Third, with
respect to the misclassification of exposures, the diagnosis of
H. pylori infection and atrophic gastritis were based on sero-
logical tests. However, misclassification was likely to have
occurred equally among cases and controls, and the risk of

H. pylori-related chronic gastritis and colorectal adenoma risk

In conclusion, it is probable that H. pylori infection is
involved in an increased risk of colorectal adenoma, and the
risk of adenoma, particularly in the proximal colon, appears
to be further enhanced by the presence and progression of
CAG. The stage of H. pylori-related chronic gastritis, as
determined by the two serologic markers H. pylori antibody
and PG, will probably be useful for the evaluation of risk of
colorectal neoplasia, and may contribute to the selection of
high-risk individuals who warrant surveillance by colono-
scopy. Further investigation into the role of H. pylori infec-
tion in the carcinogenesis of the colorectum is necessary. In
addition, whether eradication therapy for H. pylori-infected
subjects reduces the risk of colorectal neoplasia is a problem
for future study.
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Global hypomethylation and regional hypermethylation are supposed to be hallmarks of cancer cells. During gastric
carcinogenesis, in which Helicobacter pylori infection is causally involved, aberrant hypermethylation is already present in

H. pylori-infected gastric mucosae. In contrast, little is known about global hypomethylation, which can be caused by
hypomethylation of individual repetitive elements and other sequences. We, therefore, investigated hypomethYlaﬁon of
individual repetitive elements and the global 5-methylcytosine content in four groups of gastric mucosal samples that
represented the time course of H. pylori infection and gastric carcinogenesis [gastric mucosae of H. pylori-negative healthy
volunteers (G1, n = 34), H. pylori-positive healthy volunteers (G2, n = 42), H. pylori-positive gastric cancer patients (G3, n = 34)
and H. pylori-negative gastric cancer patients (G4, n = 20)] and 52 primary gastric cancers. Major variants of Alu, LINE1 and Satx
were identified, and their methylation levels were quantified by bisulfite pyrosequencing. Compared with G1, the Alu methylation
level was decreased in G2, G3, G4 and cancers (89.2-97.1% of that in G1, p < 0.05). The Sata methy(atibn level was decreased in
G2 (91.6%, p < 0.05) and G3 (94.3%, p = 0.08) but not in G4 and cancers. The LINE1 methylation level was decreased only in
cancers. The 5-methylcytosine content was at similar levels in G2, G3 and G4 and highly variable in cancers. These results
showed that Alu and Sate hypomethylation is induced in gastric mucosae by H. pylori infection during gastric carcinogenesis,
possibly in different target cells, and that global hypomethylation is not always present in human gastric cancers.

Global hypomethylation and regional hypermethylation are

supposed to be hallmarks of cancer cells.'! Global hypomethy-

latlon, defined as the content of 5-methylcytosine in the ge- -

nome,” is considered to be due to hypomethylation of repetl—
tive elements, which are normally heavily methylated,® and
other sequences. Global hypomethylation is known to cause
chromatin decondensation that results in chromosomal insta-
bility and cancer development.*” In addition, hypomethyla-
tion of repetitive elements is associated with its elevated tran-
scription,® and that of normally methylated promoter CpG
islands can lead to elevated expression of tumor antigens and
possible oncogenes.®'® On the other hand, hypermethylation
is observed in normally unmethylated promoter CpG islands

ey words: hypomethylation, repeat sequence, gastric cancer,
Helicobacter pylori, carcinogenesis

Additional Supporting Information may be found in the online
version of this article.

D8 10.1002/ijc.25534

History: Received 16 Mar 2010; Accepted 14 Jun 2010; Online 2 Jul
2010

Comrespendence to: Toshikazu Ushijima, Carcinogenesis Division,
National Cancer Center Research Imstitute, 5-1-1 Tsukiji, Chuo-ku,
Tokyo 104-0045, Japan, Tel.: [+81 3 3547 5240], Fax: +[81 3 5565 1753},
E-mail: tushifim@ncc.go.jp

Int. J. Cancer: 128, 33-39 (2011) ©® 2010 UICC

and silences downstream genes, including tumor suppressor
and other passenger genes.™ .

Hypermethylation of CpG islands can be present not only in
cancers but also in noncancerous tissues."> Especially in gastric
mucosae, aberrant DNA hypermethylation is induced by Helico-
bacter pylori infection, a major cause of gastric cancers.”'* The
methylation levels of CpG islands are very low in gastric muco-
sae of H. pylori-negative healthy individuals (G1; incidence of
gastric cancers = 0.03% per year or less'®). They are very high
in gastric mucosae of H. pylori-positive healthy individuals (G2;
incidence = 0.14%'€) and in noncancerous gastric mucosae of
H. pylori-positive gastric cancer patients (G3; incidence of sec-
ondary gastric cancer = 4.1%"7). They are high but lower than
in G2 and G3 in noncancerous gastric mucosae of H. pylori-neg-
ative gastric cancer patients (G4; incidence = 62%'%). H. pylori
infection is known to disappear when severe gastric atrophy is
induced as a result of chronic H. pylori infection,'”* and the
four groups, G1-G4, are considered to represent the natural his-
tory of H. pylori infection, Methylation levels correlate with gas-
tric cancer risk only in H. pylori-negative individuals,">'* sug-
gesting that methylation levels in these individuals reflect the
degree of epigenetic damage in stem cells.”>**

In contrast, global hypomethylation during gastric carci-
nogenesis remains unclear, not only when but also where in
the genome it takes place. Major normally methylated repeti-
tive elements consist of Alu, LINEl and Sata, which
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constitute 10, 17 and 4% of the genome, respectively,”>’

and collectively cover over 30% of the total CpG sites in the
genome.”®® Alu and LINE1 belong to interspersed ele-
ments,” and Satot is a tandem repeat element®®*! confined to
the centromeres.”> Hypomethylation of Satx is kriown to be
induced by loss-of-function mutations of DNA methyltrans-
ferase 3B.>> As a fundamental basis to understand gastric car-
cinogenesis, we have to clarify whether or not hypomethyla-
tion is present in H. pylori-infected gastric mucosae and, if
present, which repetitive elements or global 5-methylcytosine
content are mainly affected.

In this study, we aimed to clarify these issues. To this
end, we first identified major variants of Alu, LINE1 and
Sator, and then measured their methylation levels by bisulfite
pyrosequencing of DNA from gastric mucosal samples of G1,
G2, G3 and G4 and gastric cancer tissues.

fAaterial and Metheds

Tissue samples

Gastric mucosae were collected by endoscopic biopsy of the
antral region in 34 H. pylori-negative (G1: 16 male and 18
female; average age = 51 years, range = 25-91 years) and 42
H. pylori-positive healthy volunteers (G2: 21 male and 21
fernale; average age = 57 years, range = 23-86 years; 19 with

gastric atrophy and 23 without; nine with gastric ulcers, eight

with duodenal ulcers and three with hyperplastic polyps) and
noncancerous gastric mucosae from 34 H. pylori-positive
(G3: 26 male and 8 female; average age = 68 years, range =
39-87 vears; 23 early cancers and 11 advanced cancers) and
20 H. pylori-negative gastric cancer patients (G4: 15 male
and 5 female; average age = 69 years, range = 38-84 years;
17 early cancers and three advanced cancers). Gastric cancer
tissues were obtained from 52 gastric cancer patients {can-
cers: 52 male; average age = 60 years, range = 29-84 years)
who underwent gastrectomy. Informed consents were
obtained from all the individuals. Gastric mucosae, noncan-
cerous gastric mucosae and cancer tissues were frozen in lig-
uid nitrogen immediately after biopsy or resection and stored
at —80°C until extraction of genomic DNA.

All cancer tissues were histologically diagnosed according to the
Japanese classification of gastric carcinoma™ and were classified
according to the Lauren classification system (11 intestinal and 41
diffuse types).” H. pylori infection status was detected by use of a
serum anti-H. pylori IgG antibody test (SRL, Tokyo, Japan).

Cell lines and DNA extraction

Six gastric cancer cell lines, AGS, KATOIII, MKNN28, MKN45,
MKN74 and NUGC3, were obtained from the Japanese Collec-
tion of Research Bioresources (Tokyo, Japan) and the Ameri-
can Type Culture Collection (Manassas, VA). Three gastric
‘cancer cell lines, HSC39, HSC44 and HSC57, were gifted by
Dr. K. Yanagihara, National Cancer Center Research Institute,
Tokyo, Japan. TMK1 was gifted by Dr. W. Yasui, Hiroshima
University, Hiroshima, Japan. High molecular weight DNA
was extracted by the phenol/chloroform method.

Hypomethylation in helicobacter pylori-infected gastric mucosae

Sequencing analysis of repetitive DNA elements

Genomic DNA of a human gastric cancer cell line (AGS) was
amplified by PCR with the primers for the three repetitive
DNA elements (Supporting Information Table 1): Alu (AluSp
from the database of the Genetic Information Research Insti-
tute: http://www.girinst.org/), LINE1l (X58075) and Sato
(M38468). The PCR products were cloned into pGEM-T Easy
vector (Promega, Madison, WI), and 1241 clones for each re-
petitive DNA element were cycle sequenced. Sequencing was
performed using a DYEnamic ET Terminator (GE Healthcare,
Buckinghamshire, United Kingdom) with an ABI PRISM 310
Genetic Analyzer (Applied Biosystems, Foster City, CA).

Sodium bisulfite modification and bisulfite pyrosequencing

Bisulfite modification was performed using 1 pg of BamHI-
digested genomic DNA as previously described.>® The modi-
fied DNA was suspended in 40 pl of Tris-EDTA buffer, and an
aliquot of 1 pl was used for bisulfite pyrosequencing. An
annealing temperature that could amplify both unmethylated
and methylated DNAs was determined by comparing amplifi-
cation of DNA from peripheral leukocytes (mixture of unme-
thylated and methylated DNA) and DNA that was fully meth-
ylated by SssI methylase (New England Biolabs, Beverly, MA)
(Supporting Information Table 2). The PCR product was
annealed to 0.2 pM pyrosequencing primers, and pyrosequenc-
ing was carried out using the PSQ 96 Pyrosequencing System
(Qiagen, Valencia, CA). A methylation level was obtained
using PSQ Assay Design software (Qiagen). Two CpG sites
(ALU1 and ALU2) were measured for Alu, three for LINE1
(LINE1-1, LINE1-2 and LINE1-3) and one for Satc (SATw).

Analysis of the global 5-methylcytosine content

Genomic DNA (2.5 pg) was incubated with five units of
DNase I (Sigma, St. Louis, MO) and 4 mM MgCl, at 37°C
for 18 hr. The sample was further treated with three units of
nuclease P1 in 10 mM NaAc (pH 5.2) and 50 pg/ml ZnSO,
at 37°C for 7 hr and then with 2.5 units of Escherichia coli
alkaline phosphatase in 0.1 M NHyHCO; at 37°C for 16 hr.
After purification, the samples were subjected to liquid chro-
matography equipped with a photodiode array detector and
an electrospray ionization time-of-flight mass spectrometry
(LCMS; LCT premier XE, Waters). Peaks of the four deoxyri-
bonucleotides (2'-deoxyguansine, 2'-deoxyadenosine, 2/-deox-
yeytidine (dC) and thymidine) were monitored with UV 260
nm, whereas that of 5-methyl-2'-deoxycytidine (5mdC) was
detected by a molecular ion of 242 [M+1], retention times of
which were compared with that of the authentic sample.
Global 5-methylcytosine content was quantified as the frac-
tion of 5mdC quantity in the total 5mdC and dC quantity.
The LCMS analysis was performed three times for each sam-
ple, and the mean coefficient of variation was confirmed to
be less than 3%. Eight of the samples were also subjected to -
high-performance liquid chromatography (HPLC)-UV.

Int. J. Cancer: 128, 33-39 (2011) © 2010 UICC
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Figure 1. The most frequent Alu sequences after bisulfite conversion and location of CpG sites analyzed by pyrosequencing. The sequence
ohtained by virtual bisulfite conversion of a consensus sequence in the database is shown at the top. The 41 sequences are obtained by
virfual bisulfite treatment of the sequences obtained. A dot shows no variation from the sequence at the top. Two consecutive asterisks
show a CpG site. The most frequent sequence (shown at the bottom) was identified as the major variant. The sequences used for bisulfite

pyrosequencing are underlined.

Statistical analysis

A difference in mean methylation levels or mean global 5-
methylcytosine content was analyzed by the Welch ¢ test.
Correlation between the global 5-methylcytosine content by
LCMS and that by HPLC-UV, correlation of methylation lev-
els among repetitive DNA elements and correlation between
age and methylation level were analyzed using Pearson’s
product-moment correlation coefficient. All the analyses were
performed using SPSS (SPSS, Chicago, IL), and the results
were considered significant when p values less than 0.05 were
obtained by a two-sided test.

Results

Identification of the major variants of individual repetitive
DNA elements

A major variant was identified for each of the three repetitive
DNA elements to measure methylation levels of as many
repeat units as possible. Based on the consensus sequence in
the database, each element was amplified by PCR with low

int. J. Cancer: 128, 33-39(2011) © 2010 UICC

stringency, and clones obtained were sequenced (Supporting
Information Fig. 1). Since Alu and LINE1 were more variable
than Sato, more clones were sequenced for Alu (41 clones) and
LINE1 (19 clones) than for Sate (12 clones). After virtual con-
version by bisulfite treatment of the sequences obtained, the
most frequent sequence was identified as the major variant for
each repetitive element (Supporting Information Fig, 2).

Primers for bisulfite pyrosequencing (Alu in Fig. 1; and
Supporting Information Table 2) were designed based on the
major variant, covering the most frequent sequences at the
CpG site. The Alu methylation level was measured at two
CpG sites, ALUL (position 480 in the consensus sequence)
and ALU2 (+197), which represented five and six, respec-
tively, of the 41 sequences. The LINEI methylation level was
measured at three CpG sites, LINE1-1 (+138), LINE1-2
(4-206) and LINE1-3 (+270), which represented seven, eight
and 11, respectively, of the 19 sequences. The SATw methyla-
tion level was measured at one CpG site (+360) that was
common to all the 12 sequences.
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Figure 2. Methylation levels of the three repetitive DNA elements in gastric mucosae of G1-G4 and gastric cancers, Vertical ticks, individual CpG sites;
arrowheads, locations of the measured CpG site. A horizontal line in a chart represents a mean methylation level for each group. (@) Distribution of
methylation levels at two CpG sites of Alu. Compared with G1, the methylation level was decreased in G2, G3 and G4. The methylation level was decreased n
cancers at ALU1 but not at ALUZ2. The top amows show two duplicated anms of an Alu unit. () Distribution of methylation levels at one CpG site of Satow.
Compared with G1, the methylation level was decreased in G2 and tended to be decreased in G3. The methylation level was not decreased in G4 and
cancers. (¢} Distribution of methylation levels at three CpG sites of LINE1. Compared with G1, the methylation level was not decreased in G2, G3 and G4 at
LINE1-1, LINE1-2 and LINE1-3. The methylation level was decreased in cancers at LINE1-1 and LINE1-2 but was increased at LINE1-3. ORF: open reading fiame.

The presence of Alu and Sata hypomethylation in
H. pylori-infected gastric mucosae
The Alu methylation level was measured by bisulfite pyrose-
quencing in gastric mucosae (G1, G2, G3 and G4) and cancers
(Fig. 2a; Supporting Information Table 3). In the normal con-
trol group (G1), the methylation level was 49.2 % 3.2% (mean
= SD) at ALU1 and 44.1 * 2.5% at ALU2. The mean methyla-
tion level at ALU1 was decreased in G2 (decreased to 89.2% of
that in G1, p < 0.05), G3 (decreased to 91.9%, p < 0.05) and
G4 (decreased to 94.1%, p < 0.05), and remained low in can-
cers (90.9% of that in G1, p < 0.05). Similarly, the mean meth-
ylation level at ALU2 was decreased in G2, G3 and G4
(decreased to 94.8, 95.0 and 97.1% of that in G1; p < 0.05, <
0.05 and < 0.05, respectively). However, a decrease was not
observed in cancers (100.9% of that in G1, p = 0.61).

The methylation level of SATa was 55.9 * 6.8% in G1
(Fig. 2b; Supporting Information Table 3). The mean methyl-
ation level was decreased in G2 (decreased to 91.6% of that

in G1; p < 0.05) and had a tendency to be decreased in G3
(decreased to 94.3%, p = 0.08). However, in contrast with
Alu, it was not decreased in G4 (100.0% of that in G1, p =
0.98) or cancers (98.2% of that in G1, p = 0.63).

The absence of LINE1 hypomethylation in H. pylori-

infected gastric mucosae

The methylation levels at LINE1-1, LINE1-2 and LINE1-3 were
74.5 * 6.6%, 58.0 = 2.6% and 58.7 = 3.9%, respectively, in G1
(Fig. 2¢; Supporting Information Table 3). The mean methyla-
tion levels at LINE1-1, LINE1-2 and LINE1-3 were not
decreased in G2, G3 or G4, respectively. The methylation levels
at these CpG sites were highly variable in cancers, but the mean
methylation levels at LINE1-1 and LINEI-2 were significantly
decreased and that at LINE1-3 was significantly increased
(LINE1-1, 93.2% of that in G1, p < 0.05; LINE1-2, 92.4% of that
in G1, p < 0.05; LINE1-3, 105.1% of that in G1, p < 0.05).

Int. J. Cancer: 128, 33-39 (2011) ©® 2010 UiCC
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No decrease of global 5-methylcytosine content in
H. pylori-infected gastric mucosae and its high variability
in gastric cancers :
The global 5-methylcytosine content was measured by LCMS
for five samples of G1, 17 of G2, 18 of G3, six of G4 and 27
cancer samples, because of the large amount of DNA neces-
sary for the analysis. The global 5-methylcytosine content in
G1 was 4.6 = 0.8% and was not decreased in G2, G3 and G4
(100.3%, 92.5% and 100.7% of that in G1; p = 0.96, 0.31 and
. 0.94, respectively). In cancers, the global 5-methylcytosine
content was highly variable (4.3 = 1.4%), some showing no
decrease and the others showing marked decrease (Fig. 3).
To confirm that the high variability observed was due to
that of the 5-methylcytosine content in cancer cells and not
due to high variability of the population of cancer cells in
cancer tissues, the global 5-methylcytosine content was ana-
Iyzed in gastric cancer cell lines and was again shown to
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Figure 3. Distribution of global 5-methylcytosine content in

G1-G4 and cancers. A horizontal line represents the mean global
5-methylcytosine content for each group. The global 5-methylcytosine
content was at a similar level among G1, G2, G3 and G4.In cancers,
the global 5-methylcytosine content was highly variable, some
showing no decrease and others showing marked decease.
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have high variability (2.8-7.5%). The global 5-methylcytosine
content obtained by the current LCMS method was in good
accordance with that obtained by the conventional HPLC-
UV method (n = 8, correlation coefficient = 0.95, p < 0.05).

Correlation of hypomethylation among individual repetitive
elements and the lack of correlation between
hypomethylation and age
Correlations of the methylation levels among individual repeti-
tive DNA elements were significant but weak (correlation coeffi-
cients = 0.15 - 0.55, p < 0.05; Supporting Information Table 4).
Correlation between the global 5-methylcytosine content and
the methylation level of individual repetitive elements was not
significant, except for ALU2 (Supporting Information Table 5).
Hypermethylation of some CpG islands is known to be
observed in an age-dependent manner.” Therefore, we ana-
lyzed association between hypomethylation of the three repeti-
tive DNA elements and age within G1, whose members had no
influence of H. pylori infection (Table 1). However, we
observed no association. We also analyzed association between
hypomethylation and gender, but again there was no associa-
tion. Hypomethylation of LINE1 (LINE1-2 and LINEI1-3) was
marginally associated with intestinal-type histology, but that of
Alu and Sate was not (Supporting Information Table 6).

Biscussion

Our study showed that Alu and Sate hypomethylation was al-
ready present in H. pylori-infected gastric mucosae and that
Alu, but not Saty, hypomethylation persisted after H. pylori
infection discontinued and was also present in cancers. In con-
trast, LINE1 hypomethylation was present only in cancers. It

* was strongly indicated that hypomethylation is induced in gas-

tric mucosae by H. pylori infection at Alu and Satot repetitive
elements as an early event during gastric -carcinogenesis
whereas LINE1 hypomethylation is induced as a result of cellu-
lar transformation. To our knowledge, the presence of Alu and
Sata hypomethylation in H. pylori-infected gastric mucosae
during gastric carcinogenesis is shown here for the first time.
Regarding hypomethylation of a specific repetitive element in
noncancerous tissues that in liver, tissues exposed to hepatitis
B virus® has been reported. Because hypomethylation is

Table 1. Lack of association betweén hypomethylation of the three repetitive DNA elements and age

{or gender)
ALU1 ALU2 LINE1-1 LINE1-2 LINE1-3 SATo
Age
r 0.14 -0.30 —0.24 0.13 0.02 0.07
p 0.45 0.08 0.17 0.48 0.93 0.71
Gender
Male (n = 16) 482 x 41 440 %22 742+%75 585*x14 59341 58478

Female (n = 18) 50.1 = 2.0 443 *28 748 =58 575*33 583 %38 53750

p 0.12 0.74

0.79

0.25 0.47 0.05

r, correlation coefficient. To avoid confounding effects of H. pylori infection, the analyses were conducted in

H. pylori-negative healthy volunteers (G1).
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known to lead to genomic instability,” precise understanding
of the timing of occurrence of hypomethylation is important as
a fundamental basis to understand gastric carcinogenesis.

Alu and Sata hypomethylation showed different profiles in
G1-G4, which are considered to represént the time course of
gastric carcinogenesis.'* > Sato methylation levels were signifi-
cantly decreased in G2 and tended to be decreased in G3, but
not after disappearance of H. pylori infection (G4), whereas
Alu hypomethylation persisted. The dynamics of Sato were
reminiscent of hypermethylation of many protein-coding
genes, which is potently induced by H. pylori infection and
decreases after eradication of H. pylori.*>*® As a mechanism
for the different profiles of Alu and Satoi, we can hypothesize
that their hypomethylations are induced in different cell types.
If methylation is induced in stem cells, it is expected to persist
even after H. pylori infection discontinues whereas methylation
induced in progenitor cells can disappear.'* There is a possibil-
ity that Alu hypomethylation is relatively more easily induced
in gastric stem cells than Sato hypomethylation. As a mecha-
nism of how H. pylori infection induces hypomethylation of
Alu and Sato, insufficiency of maintenance DNA methylation
can be considered. It is known that expression levels of DNA
methyltransferases are lower in gastric epithelial cells with H.
pylori infection than those without in humans and gerbils.***!

The finding here is important as a fundamental basis of gastric
carcinogenesis associated with H. pylori infection. Alu is distrib-
uted throughout the genome,” and its hypomethylation could
possibly lead to chromosomal instability as an early event during
gastric carcinogenesis, as is known in mice.*® From a clinical
viewpoint, we initially expected that hypomethylation could be
used as a cancer risk marker such as hypermethylation of CpG
islands.">'* However, Alu hypomethylation had only low sensi-
tivity and specificity in distinguishing healthy volunteers and gas-
tric cancer patients among H. pylori-negative individuals (Fig.
2a), and use of hypomethylation as a risk marker was considered
not to be realistic. Nevertheless, the early occurrence of Alu hypo-
methylation and its possible involvement in chromosomal insta-
bility suggested a possibility that suppression of hypomethylation
induction can be used as a novel target of cancer prevention.
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Hypomethylation in helicobacter pylori-infected gastric mucosae

In cancers, LINE1 methylation level, which is often used as
a surrogate for global hypomethylation,”>** was highly vari-
able. The high variability of the LINE1 methylation level in
gastric cancers was in good accordance with that reported in
bladder and colon cancers.**** It was considered that, because
a cancer tissue is monoclonal, its methylation level reflects that
of its single precursor cell and, thus, stochastically shows a low
or high level. When miethylation levels of the three CpG sites
analyzed for LINE1 were compared in gastric cancers, methyla-
tion levels were decreased at two CpG sites while increased at
another site. This suggested that there is a difference in suscep-
tibility to hypomethylation among CpG sites. The difference of
susceptibility could be related on the location of a CpG site
within LINE1 because the CpG site whose methylation level
was increased was located at an edge of LINEI.

The global 5-methylcytosine content in gastric cancers,
was also highly variable. In contrast, global hypomethylation
is generally considered as one of the hallmarks of cancer
cells.* In most studies, global hypomethylation is assessed
by hypomethylation of repetitive sequences and not by the
global 5-methylcytosine content. The 5-methylcytosine con-
tent is already reported to be variable in some cancers.*® In
gastric cancers, only our previous study® measured the 5-
methylcytosine content, and it was highly variable not only
in primary gastric cancers but also in gastric cancer cell lisnies.
Therefore, global hypomethylation measured by the global 5-
methylcytosine content was highly variable in gastric cancers.

In conclusion, our data strongly indicated that H. pylori
infection potently induces Alu and Sata hypomethylation in
gastric mucosae as an early event during gastric carcinogene-
sis and that global 5-methylcytosine content is not always
decreased in gastric cancers.
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Abstract

AIM: To evaluate the association of Helicobacter py-
lori (H.pylori)-related chronic gastritis stage with upper
gastrointestinal symptoms and gastroesophageal reflux
disease (GERD).

METHODS: Subjects underwent upper gastrointestinal
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WJGE | www.wjgnet.com

71

endoscopy, a questionnaire using a frequency scale for
symptoms of GERD (FSSG), and measurements of serum
H.pylori-antibody and pepsinogen (PG) levels. They
were classified into the following 4 groups in terms
of H.pylori-related chronic gastritis stage: Group
A (n = 219), H.pylori(-)PG(-); Group B (7 = 310),
H.pylori(+)PG(-); Group C (n = 279), H.pylori{+)PG(+);
and Group D (7 = 17), H.pylori(-)PG(+).

RESULTS: Reflux esophagitis occurred in 30.6% of
Group A, 14.5% of Group B, 6.8% of Group C, and 0%
of Group D (P < 0.001). Scores for acid reflux symptoms
decreased significantly with chronic gastritis stage (from
Group A to D) (P < 0.05), while scores for dysmotility
symptoms did not differ significantly. The prevalence of
non-erosive reflux disease (NERD) did not differ among
groups. However, in subjects with GERD, the prevalence
of NERD tended to increase with chronic gastritis stage (P
= 0.081).

CONCLUSION: Acid reflux symptoms and the prevalen-
ce of reflux esophagitis can be assessed by measuring
both serum H.pylori-antibody and PG levels.

© 2011 Baishideng. All rights reserved.
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