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Abstract

Gastric cancer (GC) develops as a result of inflammation-
associated carcinogenesis due to Helicobacter pylori
(H. pyilori) infection and subsequent defects in genetic/
epigenetic events. Although the indication for eradication
therapy has become widespread, clinical studies have
revealed its limited effects in decreasing the incidence of
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GC. Moreover, research on biopsy specimens obtained by
conventional endoscopy has demonstrated the feasibility
of the restoration of some genetic/epigenetic alterations
in the gastric mucosa. Practically, the number of sporadic
cases of primary/metachronous GC that emerge after
successful eradication has increased, while on-going
guidelines recommend eradication therapy for patients
with chronic gastritis and those with background mucosa
after endoscopic resection for GC. Accordingly, regular
surveillance of numerous individuals who have received
eradication therapy is recommended despite the lack of
biomarkers. Recently, the focus has been on functional
reversibility after successful eradication as another cue
to elucidate the mechanisms of restoration as well as
those of carcinogenesis in the gastric mucosa after A.
pylori eradication. We demonstrated that Congo-red
chromoendoscopy enabled the identification of the multi-
focal distribution of functionally irreversible mucosa
compared with that of restored mucosa after successful
eradication in individuals at extremely high risk for GC.
Further research that uses functional imaging may
provide new insights into the mechanisms of regeneration
and carcinogenesis in the gastric mucosa post-eradication
and may allow for the development of useful biomarkers.

Key words: Helicobacter pylori eradication; Gastric cancer;
Congo-red chromoendoscopy; Biomarker
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Core tip: Since the indication for eradication therapy for
Helicobacter pylori became widespread, the number of
gastric cancer (GC) cases that emerge after eradication
has continued to increase. However, the underlying
mechanism of restoration/carcinogenesis in the gastric
mucosa after eradication therapy has not been fully
elucidated. We previously demonstrated that, instead of
conventional endoscopy, Congo-red chromoendoscopy
might be more precise in its ability to identify the multi-
focal distribution of functionally irreversible mucosa that
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may be present in individuals with high risk for GC even
after successful eradication. Further research using
functional imaging may provide new insights to address
the mechanism of gastric regeneration/carcinogenesis,
and subsequently, may allow for the development of
biomarkers for GC in high risk individuals during post-
eradication surveillance.

Uno K, Iijima K, Shimosegawa T. Gastric cancer development
after the successful eradication of Helicobacter pylori. World J
Gastrointest Oncol 2016; 8(3): 271-281 Available from: URL:
http://www.wjgnet.com/1948-5204/full/v8/i3/271.htm DOI: http://
dx.doi.org/10.4251/wjgo.v8.i3.271

INTRODUCTION

Gastric cancer (GC) is considered a major cause of cancer-
related deaths worldwide™!, and cancer prevention based
on the knowledge of gastric carcinogenesis has been
considered the most useful strategy. It has been shown
that GC is closely associated with chronic inflammation
due to persistent infection with Helicobacter pylori (H.
pylori), a class I gastric carcinogen. The development of
GC occurs through a multi-step sequence from chronic
gastritis, chronic atrophic gastritis, intestinal metaplasia
(IM), dysplasia, and finally, GC after an extended period of
time™®*. In a cohort study of 4655 healthy asymptomatic
individuals with a 7.7 £ 0.9-year surveillance, the risk of
GC was increased in a stepwise fashion from patients with
H. pylori-positive chronic gastritis to those with H. pylori-
positive chronic atrophic gastritis, and finally, to those with
atrophic metaplastic gastritis (HR = 7.1; 95%CI: 1-53.3
vs HR = 14.9; 95%CI: 2-107.7 vs HR = 61.9; 95%CI:
5.6-682.6, respectively)™.

In fact, dinical outcomes are determined by a complex
interaction of multiple factors, such as H. pylori vir-
ulence factors, genetic susceptibility of the host, and
environmental factors®”), The bacterial virulence factors,
such as cytotoxin-associated gene A antigen (CagA) and
vacuolating cytotoxin, play an important role in H. pylori-
associated gastric disorders®®®. Notably, the CagA gene,
which is part of the cag pathogenicity island, produces one
of the most pivotal virulence factors of many carcinogenic
signaling pathways%'". Moreover, the epithelial cells
and inflammatory cells in the gastric mucosa are in
direct contact with the outer environment. Therefore, the
immune receptors on these cells, such as toll-like receptors
and nucleotide-binding oligomerization domain-containing
protein, recognize bacterial components of H. pylori and
other oral microbes that reach the gut!****. Actually,
the long-term colonization by H. pylori was reported to
cause an environment of chronic inflammation together
with reductions in acidity and in the level of antioxidant
enzymes in the gastric juice. This results in the synergistic
overgrowth of ingested outer bacteria in the intra-gastric
environment, which sustains the inflammation™*', As
a result, these reactions can produce large amounts of
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inflammatory mediators, such as reactive oxygen/nitrogen
species and inflammatory cytokines, which may facilitate
the aberrant methylation of the cytosine ring preceding
guanine (i.e., CpG dinucleotide) islands in the promoters
of DNA or microRNAs (miRNAs)™"®, A theory of the field
effect of carcinogenesis, which states that pathologically
non-cancerous tissue that surrounds the tumor may also
have genetic/epigenetic alterations, is currently accepted
as a reliable mechanism of gastric carcinogenesis''”. For
example, aberrant genetic methylation was reported to
accumulate during the sequential development of GC'®',
and further quantitative methylation analyses of both
driver and passenger genes showed that patients with GC
had higher methylation levels in the background normal-
appearing tissues than those without GC; additionally,
patients with multiple gastric tumors had significantly
higher methylation levels than those with a single gastric
tumort”®*?, Thereafter, some epigenetic alterations were
shown to be restored by the elimination of H. pylor>".
Accordingly, it is strongly believed that successful
eradication of H. pylori may be an effective approach
for the prevention of GC, and the numbers of subjects
in whom H. pylori has been eradicated have continued
to increase. However, it was also demonstrated that
eradication therapy had only limited effects on the
inhibition of GC development. Sporadic cases of GC
that emerge after successful eradication have been
observed in a clinical setting. These cases strongly
suggest two possibilities for the development of sequential
carcinogenesis after eradication: A point-of-no-return,
where irreversible alterations have already occurred in
spite of the eradication or another cause of carcinogenesis
such as bile reflux or other microorganisms. Here, we
review the results of clinical and laboratory studies on
the preventive effect of H. pylori eradication on gastric
carcinogenesis to establish future surveillance strategies.

CLINICAL EFFECTIVENESS OF
ERADICATION THERAPY FOR THE
PREVENTION OF GC OCCURRENCE

Eradication for patients with non-dysplastic gastritis
Although some studies have found that the H. pylori
eradication gradually led to regression or complete
resolution of chronic gastritis®>>*, it is still unclear whether
eradication therapy might truly prevent the development
of premalignant lesions/GC in patients with chronic
gastritis and several grades of inflammation, atrophy and
metaplasia.

In a randomized control trial (RCT) that included
a total of 435 H. pylori-infected subjects with/without
eradication followed by an endoscopic biopsy after 5 years
of surveillance, Leung et al** showed that eradication
was protective against the progression of premalignant
gastric lesions in 52.9% of H. pylori-positive subjects. On
the contrary, in a population-based RCT of 1630 healthy
H. pylori-carriers in China, Wong et al*® showed that the
incidence of GC was similar between participants who had
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received eradication treatment and those who received
placebo during an observation period of 7.5 years (7/817
vs 11/813, P = 0.33, respectively). However, eradication
therapy significantly decreased the incidence of GC only in
a limited group of 988 H. pylori-carriers who did not have
premalignant lesions when they entered the study. A well-
designed meta-analysis of 6 RCTs that were conducted
primarily in Japan and China, demonstrated a significant
decline of 1.6% (51/3294) in the occurrence of GC in
patients who had received eradication therapy compared
with 2.4% (76/3203) of all patients who did not receive
eradication therapy during a period longer than 4 years
[relative risk (RR) = 0.66; 95%CI: 0.46-0.95]. However,
eradication therapy did not demonstrate a significant
benefit in terms of the prevention of GC incidence in any
of the subjects with or without premalignant lesions at
base-line®®”*, These data not only provided evidence
that successful eradication might reduce the incidence of
GC in asymptomatic H. pylori-infected Asian individuals
but also suggested the possibility of a point-of-no-
return, beyond which eradication may be of no use for
cancer prevention. Actually, some discrepancies exist
about whether eradication therapy can reduce the risk
of GC occurrence in subjects with pathologically defined
premalignant changes. Such discrepancies may be
caused by several factors, as follows: Selection of the
study population, including age, dietary habits, smoking,
alcohol abuse, and genetic factors that may influence the
susceptibilities of the host; H. pylori strain; intra-gastric
conditions with/without premalignant lesions at the time
of eradication therapy; and methodological differences
during surveillance, including biopsy protocols and the
interval/duration of surveillance. A more recent study
identified several risk factors for the failure of eradication
therapy to prevent GC in a Chinese community-based
randomized trial, and thus the sequential data from the
long-term surveillance of these patients should provide
promising data on the preventive effect of eradication on
the incidence of GC**,

Eradication therapy for patients after endoscopic
resection
Previous studies have demonstrated that eradication did
not completely eliminate the risk of secondary cancer
occurrence after curative endoscopic resection (ER) of the
primary GC, although it was found that eradication might
suppress or delay the development of cancer™®”. Based
on the theory of field cancerization, the remaining gastric
mucosa after ER is thought to harbor endoscopically
invisible micro-lesions with malignant potential™"**,
Uemura et a* first reported that eradication after ER
significantly decreased the occurrence of metachronous
GC™, Similarly, an RCT in Japan also showed that
eradication after ER had a protective effect with respect
to the development of secondary GC during a 3-year
follow-up period. In contrast, a RCT in South Korea
revealed that eradication after ER for gastric neoplasms,
including GC and low- or high-grade dysplasia, did not
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reduce the incidence of metachronous GC*!. A Japanese
retrospective study used longer-term follow-up data of
1.1 to 11.1 years (median 3.0 years) for 268 H. pylori-
positive patients who had undergone ER for GC, which
may or may not have been followed by successful
eradication. This study showed that eradication did
not reduce the incidence of metachronous GC more
than 5 years after ER (8.5% vs 14.3%, respectively,
P = 0.262, log-rank test) and that the existence of
mucosal atrophy at the time of entry into the study,
and not H. pylori-infection status, was an independent
risk factor for the incidence of metachronous GC*®.
Accordingly, the preventive effect of successful eradication
on metachronous GC remains controversial, possibly
because of selection bias, underpowered numbers
and residual confounding factors that may have been
present in the studies. However, in an up-to-date meta-
analysis of 13 relevant studies including 3 prospective
trials, Yoon SB et al*”* demonstrated a preventive effect
of eradication on the incidence of metachronous GC
after ER. In detail, compared with the patients who
did not receive eradication therapy, the pooled odds
ratio in those who received eradication therapy was
0.42 (95%CI: 0.32-0.56). The pooled analysis of 6237
patients in all 13 studies demonstrated a significantly
lower incidence of metachronous GC in the patients who
received eradication therapy compared with those who
did not [4.7% (111/2382) vs 6.8% (263/3855, 6.8%),
respectively]. From now on, it will be difficult to conduct
further well-designed and practical studies with long-term
surveillance due to the ethical considerations that result
from the fact that Japanese and Korean clinical guidelines
have already recommended H. pylori eradication in
cases of chronic gastritis as well as in cases of post-
ER gastric background mucosa™®*’. Instead, regular
surveillance endoscopy after eradication is recommended
as the most practical method because GC occurrence
may be uninterrupted even after successful eradication.
Therefore, the development of useful biomarkers for GC
that emerges after successful eradication will be urgently
needed to detect high risk groups among such a large
number of individuals who have received eradication
therapy.

THE EFFECT OF ERADICATION ON
HISTOLOGY AND BIOLOGICAL MARKERS

The effect of eradication on histological alterations

Previous systematic reviews and meta-analyses have
demonstrated the impact of H. pylori eradication on the
gastric histology of precancerous lesions (e.g., atrophy and
IM) according to the (updated) Sydney System, during a
surveillance period of less than 10 years™"*?, Through an
examination of one RCT and seven observational studies,
Rokkas et al*” found that eradication had beneficial effects
on gastric atrophy, but not on IM, in both the antrum
and corpus. After the inclusion of three RCTs and nine
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observational studies, Wang et af*" showed that gastric
atrophy in the corpus only recovered after eradication,
but atrophy in the antrum and IM of the corpus and
antrum did not recover. On the contrary, some studies
incorporated longer-term follow-up of the histological
changes after successful eradication based on the updated
Sydney System. These previous studies revealed that,
after atrophy of any site within the gastric mucosa and
IM in the lesser curvature of the corpus were gradually
restored, scores at both 5 and 10 years after eradication
were significantly decreased compared with those at base-
linet>>>4,

Accordingly, controversial results have been obtained
from limited surveillance periods and studies with
various methodological flaws, and therefore, additional
RCTs with a longer observational period are required.

The effect of eradication on genetic/epigenetic
alterations

Genetic and epigenetic alterations have been implicated
mainly in the activation of oncogenes and/or the inact-
ivation of tumor suppressor genes that are involved in
cell-cycle regulation, cell-cell adhesion, DNA repair, and
telomerase activation during gastric carcinogenesis.

The effect of eradication on genetic alterations

The effect of eradication treatment on genetic abnor-
malities remains unclear. Ohara et al®> showed that
eradication might not have led to changes in chrom-
osomal structures, such as loss of heterozygosity and
microsatellite instability, in 13 patients with H. pylori-
positive GC, 12 patients with H. pylori-negative GC and
8 patients with GC detected after eradication. On the
contrary, Zhu et al*® revealed that increased expression
of human telomerase, including ribonucleoprotein/human
telomerase reverse transcriptase and human telomerase
RNA, in the H. pylori-infected mucosa was significantly
diminished after successful eradication.

The effect of eradication on epigenetic abnormalities
Recent interest in oncology research has shifted from
genetics toward epigenetics. Actually, 90% of heritable
alterations in cancer cells have been reported to be
epigenetic in nature®™"*®, Additionally, the most important
difference between genetic and epigenetic alterations
is that epigenetic changes are reversible by therapeutic
interventions. Previous studies demonstrated that the
medical elimination of H. pylori infection might reverse
the epigenetic alterations and thus restore the histological
phenotype of the gastric mucosal tissue, in spite of some
discrepancies.

Gene promoter methylation: Gene promoter methyl-
ation is one of the major epigenetic alterations that is
responsible for gene silencing™®. In particular, the hyper-
methylation of CpG-dinucleotide islands within promoter
regions of genes, such as CDH1, APC, COX2, CHFR,
DAPK, DCC, GSTP1, MAGE, MLH1, p16, PTEN, pi4,
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RASSF1A, RUNX3, SNCG, THBS1, TIMP-3, and TSLC1,
have been reported to be associated with aberrant
transcriptional gene silencing and consequent loss of
protein expression during the multistep development
of gastric carcinogenesis. It is well-known that dense
methylation of CpG islands through the accumulation
of “non-core” and “scattered” DNA methylation causes
permanent overall deregulation of carcinogenic sig-
nal transduction®®®, These phenomena are strongly
supported by the epigenetic field defect hypothesis, but
previous studies have shown complex changes in DNA
methylation in non-cancerous mucosa after eradication;
these changes are possibly due to the complicated
results of reversible and irreversible changes of aberrant
methylation in the gastric mucosa with various grades of
inflammation/atrophy/metaplasia.

Originally, two studies from groups in Hong-Kong found
that eradication reversed CDH1 promoter methylation and
caused a reduction of inflammatory cell infiltration in the
non-cancerous gastric mucosa'®*®!, The first RCT involved
81 patients with biopsy-proven H. pylori-positive chronic
active gastritis who were treated with/without eradication
therapy. In this study, Chan et a*> demonstrated that
the methylation status of CDH1 as well as inflammatory
cell infiltration at 6 wk after eradication therapy were
significantly reversed only in patients without IM. In
the second RCT, Leung et ai*® showed that eradication
significantly reduced the methylation density of the CDH1
promoter in biopsy specimens that were obtained from the
antrum and corpus of 28 middle-aged H. pylori-infected
subjects without GC.

Thereafter, interest in other target genes has increased.
Perri et al®”! suggested that gene-specific alterations in
the gastric mucosa after successful eradication resulted
from promoter methylation of CDH1, APC, COX2, MLH1,
and p16. This conclusion was based on an examination
of three paired gastric biopsy specimens obtained from
the antrum, angles, and corpus of 57 H. pylori-positive
dyspeptic outpatients before and 1 year after eradication.
Significant differences were observed in the mean
numbers of methylated genes, which were 0, 1.1 £ 0.9,
and 1.6 £ 0.9 among the 12 H. pylori-/IM- patients,
28 H. pylori+/IM- patients, and 17 H. pylori+/IM+
patients, respectively. In the 17 patients who received
eradication therapy out of 45 total H. pylori-positive
patients, a significant reversal of DNA methylation in
both CDH1 and p16, and to a lesser extent, in APC and
COX2, was observed after eradication. Sepulveda et
al®® revealed that hyper-methylation of CpG islands
within the promoter of the gene that encodes the DNA
repair protein MGMT was significantly reduced at 6-8 wk
after successful eradication in 19 patients with H. pylori-
gastritis (from 70% to 48% of cases, P < 0.039); an
increase in the expression of MGMT protein was only
seen on the mucosal surface. Using data from real-time
methylation-specific PCR for FLNc and THBD and the
updated Sydney System, Nakajima et a'*' examined
specimens from 35 post-ER patients and 11 H. pylori-
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negative healthy volunteers who underwent successful
eradication. They showed that the methylation levels
were gradually decreased together with a decrease in
inflammatory cell infiltration throughout the 1 year after
eradication, but that the methylation levels in post-ER
patients were persistently higher than those in healthy
individuals. Shin et af*” investigated DNA methylation
of the tumor-suppressor genes LOX, APC and MOS
over a time course of 26.0 mo in non-cancerous gastric
mucosa after eradication in 221 subjects. They showed
that successful eradication significantly decreased the
methylation levels within the LOX promoter, but not in
APC, while a reduction in the MOS methylation level after
eradication was significant only in subjects without IM at
base-line. In addition, hypo-methylation of CpG islands
is also considered to be another major mechanism of
DNA methylation at an early phase during H. pylori-
associated gastric carcinogenesis, because many genes
that are susceptible to aberrant hyper-methylation
were reported to overlap with the target genes of global
hypo-methylation®®*7!, Using an immunohistochemical
evaluation of 5-methylcytosine, a marker of global hypo-
methylation, as well as Ki67 and p53, Compare et af*"
assessed the changes in global hypo-methylation during
a 10-year follow-up period after successful eradication
in 10 patients with pre-neoplastic gastric lesions (i.e.,
atrophy and IM). They demonstrated that global DNA
methylation was negatively correlated with a gradual
decrease in proliferative/apoptotic markers, depending
on the histological grade of the multi-step transformation
into GC, but independently of the Cag-A status and
treatment response to eradication therapy.

miRNA: MiRNAs, which are non-coding RNA sequences
that are 18- to 25-nucleotides in length, are transcribed
without translation into proteins and are involved in
post-transcriptional gene silencing”>”). Tissue-specific
expression of miRNAs has been shown to be associated
with apoptosis, proliferation, differentiation, metastasis,
angiogenesis, and immune responses in inflammatory-
associated carcinogenesis”’*”, With regard to gastric
carcinogenesis, several studies have reported different
phenotypes of miRNA expression in the normal mucosa,
H. pylori-induced precancerous lesions and GCV®®”,
but the changes in miRNA expression after successful
eradication are still not completely understood.
Matsushima et al’®' revealed that the down-regulation
of 14 miRNAs in 4 H. pylori-positive individuals was
increased at 4 wk after successful eradication, although
the expression of oncogenic miRNAs was significantly
diminished only in non-metaplastic mucosa, but not in
cases of IM, at 1 year after the eradication. Specifically,
hsa-miR-21, hsa-miR-25, hsa-miR-93, hsamiR-194 and
hsa-miR-196 were found to be overexpressed in GC
in comparison with non-cancerous gastric tissues, and
eradication therapy decreased the expression levels of
these miRNAs only in cases of atrophic gastritis without
metaplastic changes. Moreover, in a case-control study
using endoscopic biopsy specimens from 20 patients
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who were treated with ER for GC and 14 sex- and age-
matched non-cancer controls, Shiotani et af*"! revealed
that, although the expression of oncogenic miRNAs
(miR-17/92 and the miR-106b-93-25 cluster, miR-21,
miR-194, and miR-196) was significantly higher in the
gastric mucosa of the post-ER group than in the controls,
none of these miRNAs that were expressed in cases of IM
were significantly changed after eradication in any of the
groups. This indicated that eradication therapy might be
effective in the restoration of the expression of oncogenic
miRNAs only in patients with atrophic gastritis and not in
those with IM. On the contrary, in a more recent multi-
center prospective cohort study of 782 patients who were
treated with ER for GC followed by eradication, Asada
et al® demonstrated that the risk of metachronous
GC after ER might be predicted via an assessment of
epigenetic field defects using the methylation levels
of three genes (miR-124a-3, EMX1 and NKX6-1) by
quantitative methylation-specific PCR. In the post-ER
background gastric mucosa, which might be highly
associated with metaplastic changes, the highest quartile
of the miR-124a-3 methylation level had a significant
univariate (HR = 2.2; 95%CI: 1.1-4.4; P = 0.03) and a
multivariate-adjusted (HR = 2.3; 95%CI: 1.0-5.1; P =
0.04) for the incidence of metachronous GC'*’\. However,
questions remain about whether those parameters are
simultaneously expressed in the metaplastic lesions as
well as in the non-metaplastic mucosa, both of which
are categorized as background gastric mucosa with
malignant potential; questions also remain as to whether
some uniform phenotypes of IM with those parameters
might develop into GC after eradication. Considering that
the metaplastic mucosa is already regarded as a dlinically
malignant predictor, future biological predictors will
provide valuable ways to overcome these clinical issues.

Furthermore, miRNAs have been reported to exist
in cell-free stable forms in the plasma and serum, and
therefore, serum miRNAs may serve as novel biomarkers
during non-invasive surveillance for large numbers of
individuals.

Summary of the histological and biological studies
Clinical and laboratory studies have found only limited
usefulness of H. pylori eradication in the regression of
DNA methylation and miRNA expression in the non-
cancerous gastric mucosa, which seems to be dependent
on the gene type and histological grade of the atrophy
and metaplasia. In other words, successful eradication
might reverse the malignant potential of pathologically
non-cancerous gastric mucosa prior to the point-of-no-
return.

The first limitation of the aforementioned studies is
gene-specific restoration after eradication. Instead of
genome-wide studies, the investigators targeted only
a single gene or a few genes, whose role in gastric
carcinogenesis had not yet been clarified™’?%. The
second limitation may have originated from differences
in the sensitivities of the histology and molecular
biology techniques, such as methylation-specific PCR,
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that were used to detect the abnormalities. In addition,
the distribution of metaplastic/dysplastic lesions is
uneven throughout the entire gastric mucosa, which
results in sampling error by targeted biopsy, although
the distribution as well as the phenotype of the IM
were suggested to provide a higher predictive value
of the cancer risk. Cassaro et af*® showed that IM on
the lesser curvature from the cardia to the pylorus, or
throughout the entire stomach, was associated with a
higher risk of GC than focal/antrum-predominant IM.
Among the three phenotypes of IM [i.e., complete IM
(type I ) or incomplete IM (types II, type I)], type
I IM was reported to harbor more genetic/epigenetic
changes, which are similar to those that were found in
cases of gastric dysplasia’®"®*!, However, the distribution
of molecular and morphological alterations in the gastric
mucosal tissue after successful eradication are likely to
be more complex than those that were present prior
to eradication, where the multi-focal distribution of
epigenetic events is related to the severity of inflam-
mation or metaplastic changes. As previous studies
have demonstrated the gradual and irregular occurrence
of areas of gastric-acid secretion up to 2 years after
successful eradication, the areas that are restored after
eradication might be irregular/atypical®®®*®. These
phenomena may result in increased sampling errors
by random biopsies under a conventional endoscopic
inspection, especially those in the post-eradicated
gastric mucosa. Since the updated Sydney System was
originally established to assist pathologists in the formal
recording of their findings in a clinical setting, but not in
a research setting, a suitable scoring system to guide
targeted biopsies of the gastric mucosa after successful
eradication is needed™®”.

FUNCTIONAL IMPROVEMENT OF THE
GASTRIC MUCOSA BY H. PYLORI
ERADICATION THERAPY

Functional reversibility of the gastric mucosa after
successful eradication will provide another important
clue, similar to what was provided by the reversibility
of the macroscopic/microscopic morphology. The rever-
sibility might be caused by the reduced production of
inflammatory cytokines that have inhibitory effects on
gastric acid secretion or by the increased expression
of H*/K*-ATPase, intrinsic factor, and M3 muscarinic
receptor mRNA in the gastric mucosa, but is likely not
caused by the numbers of parietal cells®*",

Ji et al®” used in vivo functional imaging as well as
tissue morphological imaging by confocal laser endo-
microscopy (CLE) and fluorescein tracers to investigate
the reversibility of mucosal barrier defects after eradication
in 42 H. pylori-positive patients. They demonstrated that
gastric IM was associated with an impaired para-cellular
barrier; which did not recover after eradication. Essentially,
the para-cellular permeability in the setting of IM, despite
H. pylori infection, was significantly higher than that in non-
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IM tissue with H. pylori infection, which was in tum higher
than that in non-IM tissue without H. pylori infection. Six
months after successful eradication in 14 patients, the
para-cellular barrier dysfunction of the non-IM mucosa was
significantly improved, as shown by electron microscopy
and CLE, in spite of a lack of significant changes in IM. The
irreversible mucosal barrier dysfunction of IM may cause
constant trans-epithelial penetration of various intra-gastric
substances, which may promote an immune response and
the further development of cancer. Accordingly, the CLE
findings may be useful for the depiction of the functional
and morphological irreversibility of the disrupted para-
cellular barrier of IM as a reasonable cause of carcinogenesis
in patients with IM, although CLE has point-sampling
characteristics.

ROLE OF CONGO-RED
CHROMOENDOSCOPY IN THIS
RESEARCH FIELD AND FUTURE
PERSPECTIVES

Congo-red chromoendoscopy is another functional test
that is used to visualize the gastric areas that are capable
of gastric acid secretion; this technique involves a pH-
dependent color reaction, which may be performed during
a conventional endoscopic inspection (Figure 1)**%, Instead
of CLE and an endoscopic biopsy, this method provides
a comprehensive view that distinguishes endoscopically
normal-appearing gastric mucosa based on functional
characteristics. Additionally, its reproducibility may be ideal
for the measurement of functional and morphological
changes in the mucosa during long-term surveillance after
eradication.

Based on findings by Congo-red chromoendoscopy,
Tijima et ai®® found an expansion of the acid-secreting
mucosa during a mean follow-up of 62 mo after
eradication in 24 H. pylori-positive patients. Subsequently,
after an investigation of the histological features using
a Ki67 labeling index in the biopsy samples that were
obtained from both acid-secreting and non-acid-secreting
areas, they showed that functionally irreversible gastric
mucosa after eradication was associated with extensive
IM and sustained hyper-proliferation. This indicates the
importance of increased malignant potential in the genesis
of GC. Specifically, during the surveillance periods, the
entire area of the greater curvature became occupied
exclusively by acid-secreting mucosa, whereas the
expansion of the acid-secreting area in the lesser curvature
was limited. With the exception of the score for neutrophil
infiltration, the mean inflammation score in the non-acid-
secreting area was significantly higher than in the acid
secreting area (1.3 £ 0.5 vs 0.8 £ 0.5, respectively).
Marked atrophic/metaplastic changes with high humbers
of Ki67-positive cells were observed in non-acid-secreting
areas, whereas none to mild atrophic/metaplastic changes
with a low number of Ki67-positive cells were found in
acid-secreting areas. Accordingly, this study showed that
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even long after successful eradication, the histological
degrees of residual inflammation infiltration, atrophy, IM,
and epithelial proliferation in the functionally irreversible
non-acid-secreting areas were significantly higher than
those in the functionally recovered area. Another study
that used Congo-red chromoendoscopy in a total of
19 GC lesions that emerged after more than 2 years
post-successful eradication in 14 consecutive patients
demonstrated that GCs were observed exclusively in non-
acid-secreting areas with sustained hyper-proliferation
and accumulation of p53 protein®®. Accordingly, the non-
acid secreting areas that were observed by Congo-red
chromoendoscopy might truly be at a high risk for gastric
carcinogenesis after eradication. Surprisingly, these studies
also demonstrated that histological evaluation of targeted
biopsy specimens from both acid-secreting and non-acid-
secreting areas based on Congo-red chromoendoscopic
findings revealed striking differences in their histological
manifestations, even if these areas were separated by
only a few centimeters. Therefore, Congo-red chromo-
endoscopy enables us to identify high-risk areas in a
site-specific manner and to determine the distribution
of functionally and morphologically irreversible mucosa
after successful eradication. With careful consideration of
the balance between the risks and benefits, Congo-red
chromoendoscopy can provide important clues to gastric
carcinogenesis that occurs after successful eradication™.
Further research on biopsy specimens guided by functional
imaging, such as Congo-red chromoendoscopy, may be
a promising approach in the clarification of molecular-
biological events in the functional and morphological
restoration and carcinogenesis after successful eradication.
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Figure 1 Representative photos of Congo-
red chromoendoscopy in a 66-year-old
female patient with gastric cancer that
emerged after successful eradication of
Helicobacter pylori infection. A: A lesion of
well-differentiated adenocarcinoma located
on the lesser curvature in the lower part of
the stomach [FQ260Z (Olympus, Tokyo)];
B: Congo-red imaging showed GC in a non-
acid secreting area (Red); C and D: Post-
eradicated gastric background mucosa (Red:
Non-acid secreting area; Black: Acid secreting
area). GC: Gastric cancer.

SUMMARY

In conclusion, we reviewed the limited effect of the H.
pylori eradication on the reduction of GC incidence,
although the indication for eradication therapy is dlinically
widespread. No useful biomarkers for individuals who
are at a high risk for GC that emerges after successful
eradication have been identified because previous studies
by conventional methods have not yet fully elucidated the
underlying mechanisms of mucosal restoration as well as
of gastric carcinogenesis after eradication. In accordance
with a proof-of-concept of the epigenetic field defect
of gastric cancerization, we propose the usefulness of
Congo-red chromoendoscopy to differentiate functionally
irreversible mucosal areas that are at an extremely
high risk for gastric carcinogenesis. In addition, another
study that used CLE with tracers identified the functional
irreversibility of the metaplastic mucosa in the setting
of post-eradication carcinogenesis. Therefore, future
research that focuses on functional aspects may provide
new insights that address both the mechanisms of
mucosal regeneration and cancer development after
successful eradication.
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