Current Clinical Pathology
Series Editor: Antonio Giordano

Vincenzo Canzonieri
Antonio Giordano Editors

Gastric Cancer
In The Precision
Medicine Era

Diagnosis and Therapy

M,
>« Humana Press



Current Clinical Pathology

Series Editor

Antonio Giordano MD PhD
Philadelphia, PA, USA

More information about this series at http://www.springer.com/series/7632


http://www.springer.com/series/7632

Vincenzo Canzonieri
Antonio Giordano
Editors

Gastric Cancer In The
Precision Medicine Era

Diagnosis and Therapy

M

>« Humana Press



Editors

Vincenzo Canzonieri
Pathology Unit and Biobank
CRO-Aviano, IRCCS,
National Cancer Institute
Aviano

Italy

University of Trieste
Trieste TS
Italy

Department of Biology
Temple University

Antonio Giordano

Sbarro Institute for Cancer
Research and Molecular Medicine
Department of Biology

Temple University

Philadelphia, PA

USA

Department of Medicine
Surgery and Neuroscience
University of Siena

Siena

Italy

Philadelphia, PA
USA

ISSN 2197-781X

Current Clinical Pathology
ISBN 978-3-030-04860-0 ISBN 978-3-030-04861-7 (eBook)
https://doi.org/10.1007/978-3-030-04861-7

ISSN 2197-7828  (electronic)

Library of Congress Control Number: 2018962131

© Springer Nature Switzerland AG 2019

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or
part of the material is concerned, specifically the rights of translation, reprinting, reuse of
illustrations, recitation, broadcasting, reproduction on microfilms or in any other physical way,
and transmission or information storage and retrieval, electronic adaptation, computer software,
or by similar or dissimilar methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are
exempt from the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors, and the editors are safe to assume that the advice and information in
this book are believed to be true and accurate at the date of publication. Neither the publisher nor
the authors or the editors give a warranty, express or implied, with respect to the material
contained herein or for any errors or omissions that may have been made. The publisher remains
neutral with regard to jurisdictional claims in published maps and institutional affiliations.

This Humana Press imprint is published by the registered company Springer Nature
Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland


https://doi.org/10.1007/978-3-030-04861-7

Preface

Gastric cancer is an aggressive disease that represents a serious problem and
has a daunting impact on global health. Despite an appreciable decrease in
incidence over the last several decades, gastric cancer remains one of the
most common types of cancer in the world. In recent years, a great progress
has been made in understanding the pathogenesis of gastric cancer, especially
regarding the importance of Helicobacter pylori and its associated
inflammatory response. Furthermore, for early and advanced gastric cancers,
appropriate treatments have been implemented to maximize curative results,
as in the setting of adjuvant oncologic therapies of proven benefit for advanced
cases, in addition to surgery.

Our purpose through this book is to provide a general overview of the dif-
ferent aspects of gastric cancer.

The first part aims to clarify the main aspects of tumorigenesis, such as the
role of inflammation linked to the presence of H. pylori infection, and the
genetic and epigenetic mechanisms so far known.

The second part includes the pathological and clinical features and con-
tains information regarding the most recent tissue and serological biomarkers
in these neoplasms.

The three successive parts are intended to provide the “state of art” of
multimodal treatment approaches to gastric cancer, i.e., standard and novel
surgical aspects, common and innovative chemo and radio protocols, and
modern targeted therapies. Novel molecular classifications are under consid-
eration to improve diagnostic and prognostic definitions and to prospect
future treatments based on the use of immunotherapies and innovative mole-
cules such as noncoding RNA and nanoparticles.

Aviano, Italy Vincenzo Canzonieri
Philadelphia, PA, USA Antonio Giordano
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Introduction

About 90-95% of gastric cancers (GC) or stomach cancers are adenocarcino-
mas. These cancers develop within the cells of the mucosa, the innermost
lining of the stomach. Other GC histotypes are lymphoma, gastrointestinal
stromal tumors (GISTs), carcinoid tumors, and other rare tumors.

Gastric adenocarcinoma (GAC) is the fourth most common type of cancer
and the second most common cause of cancer-related deaths in the world; this
is determined, in part, by the late appearance of symptoms, usually associated
with disease’s advanced stages. In the last decades, the incidence of GAC is
declining due to improved nutrition, food preservation, increase in hygiene
standards, better prevention, earlier diagnosis and treatment, and Helicobacter
pylori (H. pylori) eradication.

The incidence of GAC varies geographically: more than 50% of new cases
of GAC occur in developing countries. The high-risk areas are Eastern
Europe, East Asia, and Central and South America; the low-risk areas are
North and East Africa, Southern Asia, North America, New Zealand, and
Australia [1, 2].

Like other carcinomas, also GAC results from a combination of genetic
alterations and environmental factors. Prevention is always the best way to
avoid the disease and includes anti-H. pylori therapies, healthy diet, chemo-
prevention, and screening for early cancer detection. Infection with H. pylori
bacteria seems to be a major cause of stomach cancer, especially cancers in
the lower (distal) part of the stomach. Infections caused by this long-lasting
germ can cause inflammation (chronic atrophic gastritis) and precancerous
alterations of the inner lining of the stomach. An increased risk of stomach
cancer is seen in people with diets that have large amounts of smoked foods,
salted fish and meat, pickled vegetables, and alcohol drinking abuse. Healthy
dietary habits rich in high fresh fruits and vegetables can also lower stomach
cancer risk. Furthermore, many studies have confirmed that tobacco smoke
increases stomach cancer risk, particularly for cancers of the upper portion of
the stomach near the esophagus. Accordingly, the rate of stomach cancer is
about doubled in smokers [3, 4].

Only a small percentage of stomach cancers are known to be caused by
hereditary diffuse gastric cancer syndrome or by another hereditary cancer
syndrome called Lynch syndrome.

From the pathological point of view, GAC mainly consists of two patho-
logical variants, intestinal type and diffuse type. The intestinal type is the end
result of an inflammatory process that progresses from chronic gastritis to
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atrophic gastritis and finally to intestinal metaplasia and dysplasia. While the
intestinal type of gastric cancer is often related to environmental factors such
as Helicobacter pylori infection, diet, and lifestyle, and it is more common in
elderly men, the diffuse type is more often associated with genetic abnormali-
ties [5], and it is more prevalent among women and in individuals under the
age of 50. Furthermore, the diffuse type is associated with an unfavorable
prognosis because the diagnosis is carried out mainly in advanced stages.

Depending on the site and extent of cancer, surgery is the only potentially
curative treatment for all T1b-T4 GACs, and extended lymphadenectomy
should be recommended as standard of care in resectable tumors. Endoscopic
submucosal resection is the preferred option for early-stage cancer.
Furthermore, a survival benefit for postoperative chemotherapy, chemoradio-
therapy, and perioperative chemotherapy in case of pathologic 7 > 2 and/or
node-positive gastric cancer patients has been established, and chemotherapy
should contain 5-fluorouracil and cisplatin or their analogs capecitabine and
oxaliplatin. Finally, in select metastatic gastric cancer patients, chemotherapy
is better than best supportive care only, with cisplatin-5-fluorouracil or
capecitabine as the most widely used drugs. In patients that show HER?2 over-
expression, the addition of anti-HER2 antibody trastuzumab to first-line che-
motherapy is advisable. For HER2-negative patients, two or three
combinations, including irinotecan, docetaxel, oxaliplatin, or SFU prodrugs,
are valid treatments. Furthermore, the addition of the anti-VEGFR-2 anti-
body ramucirumab in second line improves overall survival and progression-
free survival when compared to chemotherapy only [6]. The following
sections report different aspects related to GC, such as tumorigenesis mecha-
nisms, clinical-pathological features and new molecular classifications, and
multimodal treatments ranging from surgical strategies to chemo- and radio-
therapy, up to the most recent approaches of precision medicine and the most
innovative treatments that involve the use of noncoding RNA, immunother-
apy, and nanotechnologies.

Aviano, Italy Vincenzo Canzonieri
Philadelphia, PA, USA Antonio Giordano
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Gastric Tumorigenesis:
Role of Inflammation
and Helicobacter pylori

Stefania Zanussi, Mariateresa Casarotto,
Chiara Pratesi, and Paolo De Paoli

Introduction

Great improvements in molecular and cellular
technologies and decades of in-depth studies
were needed so that inflammation was added to
the hallmarks of cancer, and pioneering obser-
vations of Virchow and Coley became widely
accepted perspectives to be pursued for transla-
tion in cancer cures [1-3]. Inflammation is a
coordinated response following infection or tis-
sue damage by exogenous or endogenous
agents, which involves innate and adaptive
immune system cells and soluble factors.
Macrophages, neutrophils, eosinophils, mast
cells, dendritic cells (DCs), and natural killer
(NK) cells represent the antigen-independent
first line of immunological defense against
homeostatic perturbation of tissue microenvi-
ronment. These cell subsets initiate inflamma-
tory response by sensing pathogen-associated
molecular patterns, which are present during
microbial infections, and danger-associated
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molecular patterns, which are components of
the host cells released during cell damage or
death. At early stages of inflammation, tissue
antigens are processed and transported to lym-
phoid organs by specialized antigen-presenting
cells, which allow the activation and expansion
of B and T Ilymphocyte-specific immune
responses. In this scenario, intracellular regula-
tory pathways are activated, which ultimately
lead to the secretion of reactive oxygen and
reactive nitrogen species (ROS and RNS), of
diffusible growth factors, of inflammatory cyto-
kines, and of matrix-remodeling enzymes.
These elements induce mobilization and infil-
tration of additional leucocytes in the affected
field and magnify the inflammatory reaction
until the resolution of the injury or infection.
The tumorigenic fate of the immune response
largely depends on the physiological state of the
epithelial, stromal, and vascular microenviron-
ment and on the immune cell profile that are part
of it, hence from the signals conveyed toward
autophagy/death, differentiation, proliferation,
and angiogenetic circuits and from the cross talk
between them. The duration of the inflammation
is another key feature affecting the outcome of
the immune responses. This is strictly linked to
the presence of host immunogenetic predisposi-
tion and/or ongoing chemical, physical, or bio-
logical irritation. In the case of gastric mucosa,
infection with persistent microorganisms bearing
oncogenic potential such as Epstein-Barr virus

V. Canzonieri, A. Giordano (eds.), Gastric Cancer In The Precision Medicine Era,
Current Clinical Pathology, https://doi.org/10.1007/978-3-030-04861-7_1
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and Helicobacter pylori (H. pylori) can initiate
local inflammation and, after elusion of immune
clearance mechanisms, may cause chronic
inflammation. Specific or non-specific viral and
bacterial virulence factors in conjunction with
immunity defects can cause aberrant interactions
between microbes and gastric epithelial cells.
This condition can drive premalignancy, imple-
menting the inflammatory response with the
accumulation of new genetic and epigenetic
modifications in epithelial cells, actually favoring
the establishment of a gastric cancerized field.

Helicobacter and Inflammation:
The Two Facet Janus

H. pylori is a Gram-negative, spiral-shaped,
microaerophilic bacterium colonizing the human
stomach. From a biological and evolutionary
point of view, H. pylori has coevolved with
humans for at least 50,000 years to be transmitted
from person to person and become a commensal
of the stomach [4, 5]. An homeostatic equilib-
rium between bacterial effectors and host
responses allows microbial persistence, but also
confers the risk of gastric neoplasia. In 1994 H.
pylori was classified as a class I human carcino-
gen by the International Agency for Research on
Cancer working group for its association with an
increased risk for gastric cancer, in particular
non-cardia gastric cancer, and mucosa-associated
lymphoid tissue (MALT) lymphoma [6]. Since
that time, H. pylori infection is considered the
primary cause of gastric neoplasms [7], although
the etiology is multifactorial. One of the first
mechanisms by which H. pylori may express its
pathogenetic potential is inflammation-related
and refers to the production of autoreactive
immunoglobulins; these may cause complement-
dependent cell lysis and small immune com-
plexes formation that may promote local damage
[8]. Autoantibodies originate through molecular
mimicry of host epitopes by lipopolysaccharide
(LPS) structures of H. pylori [9]. These observa-
tions prompt to evaluate the inflammation-related
carcinogenic potential of the structural compo-
nents of a broad range of microbial populations
colonizing the gastric environment.

Both the undifferentiated and the differentiated
gastric cancer types (named diffuse-type carci-
noma and intestinal-type adenocarcinoma, respec-
tively) are associated with H. pylori. However,
only the pathogenesis of the intestinal cancer
seems to significantly involve the chronic inflam-
mation, which directs the abnormal differentiation
of the normal gastric mucosa toward the precan-
cerous gastric lesions. This can be done according
to the cascade model hypothesized by Correa,
which involves the evolution of the forms of non-
atrophic gastritis, toward multifocal atrophic gas-
tritis without intestinal metaplasia, intestinal
metaplasia, dysplasia, and finally cancer [10]. All
these lesions occur in a setting of inflammation
and in a complex milieu of diffusible factors.
Despite the variable, but significant, prevalence of
H. pylori infection in various countries [11], it is
estimated that 1-3% of infected people will
develop non-cardia gastric cancer and lymphoma
[12, 13]. Indeed, besides the environmental fac-
tors, such as smoking and diet, and the commensal
microbes, the clinical outcome of the infection is
conditioned by virulence factors of H. pylori, by
its high phenotypic and genomic heterogeneity
within the gastric niche [14] as well as by genetic
susceptibility and immune profile of the host [15].

Each host is not colonized by a single type of
H. pylori, but by a multitude of genetically closely
related microorganisms similar to quasispecies,
which interfere with signaling pathways influenc-
ing host cell growth and death [16, 17]. From an
ecological and teleological point of view, the
diversity is originated by the bacterium in an
attempt to persist in the microenvironment, not-
withstanding the oxidative stress directly caused
by H. pylori virulence factors and indirectly by
inflammatory response. Pro-inflammatory cyto-
kines, such as tumor necrosis factor (TNF)-a,
interleukin (IL)1-p and IL-8, sustain inflammation
in gastric mucosa, but anti-inflammatory cyto-
kines, such as IL-10, tend to turn it off. They are
released by several components of the immune
system as well as by cells immersed in the stromal
microenvironment, such as fibroblasts, epithelial,
and endothelial cells. They can accomplish pleio-
tropic effects on a wide range of cell types, includ-
ing immune and epithelial cells. Since variations
in genotypes heightening cytokine levels have
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been associated with an increased risk of gastric
cancer [18-22], cytokines are believed to enhance
overall rather than attenuate the pathogenicity of
the bacterium. However, it’s elemental to highlight
that the cellular composition of the microenviron-
ment might deeply influence the cancer risk; the
own different CD4* T cell subsets can secrete dif-
ferent cytokine and chemokine types, which in
turn can stimulate different signal transduction
pathways and activation of transcription factors,
leading to pro-inflammatory reactive or anti-
inflammatory suppressive responses.

Helicobacter pylori-Specific
Determinants Affecting
Inflammation and Tumorigenesis

A plenty of virulence factors have been described
in H. pylori infection. Some of them are highly
studied and specifically involved in inflammatory
response after infection. Moreover, they cooper-
ate to the inflammation-related tumorigenic pro-
cess. Among the most mentioned virulence
determinants for their relevance in colonization,
persistence, and oxidative stress induction, there
are the H. pylori neutrophil-activating protein
(HP-NAP), the  y-glutamyl-transpeptidase
(GGT), the cytotoxin-associated gene pathoge-
nicity island (CagPAI), and the vacuolating cyto-
toxin A (VacA).

While GGT and HP-NAP are constitutively
expressed and show little genetic variability
among H. pylori isolates, perhaps indicating a
structural function or a lack of immune selection
for diversification [23], on the other hand, vacA
and CagPAI show plasticity, being apt to genetic
modifications which modulate their virulence
[24-26]. The characteristics and modalities of
action of these different virulence factors are
summarized in the following paragraphs.

H. pylori Neutrophil-Activating
Protein

H. pylori neutrophil-activating protein (HP-NAP)
has probably evolved as a pro-inflammatory mol-
ecule to sustain the production of reactive oxygen

intermediates by human neutrophils, functional
to the release of nutrients, which can speed H.
pylori growth [27]. It has been described that
HP-NAP can trigger inflammation in conjunction
with other bacterial and host-derived factors [28],
but also as an only molecule. Indeed, several
studies sustain a model in which HP-NAP repre-
sents a critical element in initiating the inflamma-
tory process. HP-NAP is probably released after
cell lysis in the infected mucosa of the stomach,
and, after its transfer through gastric epithelial
lining, it activates subepithelial resident mast
cells and macrophages [29]. Consequently, these
innate immune components release biochemical
mediators and, in particular, the pleiotropic cyto-
kine TNF-a. Overall, soluble factors attract and
stimulate the adhesion and extravasation of poly-
morphonucleates (PMN) and lympho-monocytes
through the endothelium lining the vessels, as
suggested by the TNF-a-induced upregulation of
adhesion molecules V-CAM and I-CAM on the
surface of endothelial cells and by in vitro and in
vivo experiments on animal models [30, 31].
PMN and monocytes produce and secrete ROS
through the HP-NAP-induced increase of cyto-
plasmic Ca** and phosphorylation of proteins,
leading to assembly of nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase on
plasma membrane. Moreover, PMN and mono-
cytes are activated to secrete cytokines and che-
mokines which amplify the inflammatory state.
Among these, IL-12 and IL-23 contribute to dif-
ferentiate the monocytes into a mature dendritic
phenotype and the T- lymphocytic response
toward a cytotoxic T- helper type 1 (Thl) pheno-
type producing interferon-y (IFN-y), TNF-,
IL-12, IL-18, IL-17, and TNF-a [32]. Preclinical
studies demonstrate that HP-NAP inhibits the
differentiation of ThO into Th2 profile [23].

v-Glutamyl-Transpeptidase

y-Glutamyl-transpeptidase (GGT) is a virulence
factor virtually associated with all wild-type H.
pylori strains, although strain-to-strain variations
in GGT expression among clinical isolates from
patients with different disease statuses have been
observed. GGT is related to ROS production
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from the epithelium and to oxidation of DNA and
membrane lipids by using the body’s master anti-
oxidant glutathione (GSH), which is catabolized
by GGT itself. Besides pro-apoptotic and necrotic
effects evoked by ROS compounds and poten-
tially sustained by other virulence factors such as
VacA, GGT shows anti-apoptotic activities by
activation of p38 mitogen-activated protein
kinases (MAPKSs), protein kinase B (AKT), and
nuclear factor k-light-chain-enhancer of activated
B cell (NF-kB) signaling pathways; the subse-
quent production of inducible nitric oxide syn-
thase (iNOS), DNA damage, IL-8, and
prostaglandin synthase cyclooxygenase-2 (COX-
2) enhances the inflammatory reaction and
induces epithelial cell proliferation [33].
Additionally, GGT suppresses T cell prolifera-
tion by inducing cell cycle arrest through the dis-
ruption of the Ras signaling pathway [34]. In
vitro and in vivo studies suggest that GGT con-
tributes to DC tolerization and directs the T cell
response toward a regulatory immunosuppressive
phenotype [35]. A suppressive milieu inhibits
lymphocyte activation and favors H. pylori
escape and persistent infection.

Cytotoxin-Associated Gene
A Pathogenicity Island
and Vacuolating Cytotoxin A

Cytotoxin-associated gene A pathogenicity
island (CagPAl) is a 40,000 base pairs sequence
containing coding regions for virulence determi-
nants and several proteins participating to the
assembly of a specialized syringe machinery
called type IV secretion system. Through this
structure, H. pylori is able to inject into cells
inflammation- and tumorigenesis-related bacte-
rial components, such as the cytotoxin-associated
gene A (CagA), peptidoglycans, and methyl-
transferases. Proteins encoded by CagPAI genes
induce inflammation by using the host signaling
pathways essential for maintenance of the normal
gastric mucosa homeostasis [36]. In the case of
CagA, after translocation into epithelial cells, it
acts through direct interaction with intracellular
receptors in a phosphorylation-dependent or

phosphorylation-independent manner. In the first
case, CagA becomes phosphorylated by mem-
bers of the Src and Abl family kinases at specific
amino acidic motifs in the C-terminus of the pro-
tein (Glu-Pro-Ile-Tyr-Ala, EPIYA). This phos-
phorylation allows CagA binding to SH2
domain-containing proteins, such as SHP2 tyro-
sine phosphatase, causing its activation and sub-
sequent induction of the extracellular
signal-regulated kinases (ERK)-MAPK pathway,
which leads to mitogenic response and cellular
migration [37]. In the second case, CagA is trans-
located, but not phosphorylated, and it deter-
mines altered activation of B-catenin, disruption
of apical junctional complexes, and loss of cel-
lular polarity. Moreover, non-phosphorylated
CagA targets a series of adhesion, enzymatic, and
transducer molecules, which leads to mitogenic
and pro-inflammatory responses [38—41]. CagA
also interacts with tumor suppressor proteins,
such as Runt-related transcription factor 3
(RUNX3) and protein 53 (p53) leading to their
proteasomal degradation [37]. It has been
reported that translocated CagA into the host cell
is degraded by oxidative stress-dependent
autophagy and, hence, short-lived, except when it
enters CD44v9* gastric cancer stem-like cells,
that show oxidative stress resistance due to their
high GSH content [42]. The expression of the
CD44 homing receptor can be induced upon
chronic inflammation [43], is involved in the
upregulation of GSH synthesis, contributes to the
progression of precancerous gastric lesions in
patients with H. pylori infection, and correlates
positively with recurrence of gastric cancer [44—
46]. These observations suggest that the accumu-
lation of alterations due to ROS and the cell
survival through protection against ROS may
play a considerable role for the generation of can-
cer cells in the infected gastric mucosa.
CagPAl-codified type IV secretion system can
also deliver peptidoglycans into host cells, where
they are recognized by the nucleotide-binding
oligomerization domain-containing protein 1
(NOD1). The subsequent activation of NF-kB,
p38, and extracellular ERK signaling induces the
production of pro-inflammatory cytokines macro-
phage inflammatory protein (MIP)-2, B-defensins,
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and IL-8. Additionally, the interaction between
NODI1 and post-translational-modified peptido-
glycans modulates the production of type I inter-
ferons which are involved in the activation of DCs
and of T cell cytotoxic effector functions [47—49].

CagA and other H. pylori molecules can be
injected not only into gastric epithelial cells, but
also into B lymphoid cells and DCs. As a conse-
quence, host’s immune responses can be sup-
pressed through the reduction in the secretion of
pro-inflammatory cytokines, such as IL-12p40,
and the increase in the expression of suppressive
cytokines, such as IL-10 [50]. This highlights the
existence of pro-inflammatory and anti-
inflammatory effects produced by the same viru-
lence component in dependence on the cellular
metabolic status and composition of the
microenvironment.

VacA is a pore-forming protein which is
secreted by H. pylori through a type V auto-
transport secretion system. It exerts multiple
effects on epithelial and immune cells in synergy
with other virulence determinants. VacA can be
internalized into the host cells by endocytosis;
afterward it accumulates in different cellular
compartments inducing apoptosis. In parallel, it
contributes to the successful colonization of the
gastric niche disrupting epithelial cell tight con-
nections and allowing the access of bacterial
molecules and H. pylori to the lamina propria.
This function is shared with CagA that is able to
bind and inhibit PAR1b, a protein essential for
the establishment and maintenance of cell polar-
ity. Once in the innermost layers of the gastric
mucosa, VacA encounters granulocytes and
T cells recruited to the sites of infection by the
triggered inflammation program. Herein, VacA is
capable of inducing an influx of Ca**, probably
NF-kB activation, and consequent inflammation
through generation of oxidative stress and IL-8
secretion [51, 52]. On the other hand, it modu-
lates the inflammatory response restricting T
lymphocytes proliferation and effector functions
[53]. In vitro and in vivo experiments demon-
strate that VacA, in cooperation with GGT, con-
tributes critically and non-redundantly to H.
pylori tolerizing effects on murine DCs allowing
persistence of the bacterium [35, 54].

Helicobacter pylori Affects Early
Phases of Inflammation

Several evidences point to an involvement of H.
pylori in the first phases of the carcinogenesis
while long lasting molecular changes in epithelial
cells, which result from the initial infection with
virulent H. pylori strains, contribute to tissue dam-
age progression [55, 56]. Indeed, the reversibility
of oxidative and nitrosative stress processes, one
of the crucial initial steps of the inflammatory
reaction contributing to carcinogenesis in gastric
mucosa, has been documented after H. pylori
eradication [57]. Moreover, prospective studies
show that H. pylori eradication by antibiotics
reduces the incidence of precancerous lesions, and
it is effective in reversing atrophic gastritis, but not
intestinal metaplasia [58, 59]. Finally, H. pylori
eradication does not decrease the risk of gastric
cancer in patients with more advanced metaplastic
or dysplastic mucosal lesions [60].

Inflammation and H. pylori-Mediated
Oxidative and Nitrosative Stresses

RNS are produced mainly by neutrophils and
macrophages, but also by gastric epithelial cells
through the action of the nitric oxide synthase
(NOS) and, especially, of iNOS. Nitric oxide
(NO) is sufficiently long-lived to diffuse through
the extracellular matrix and enter the nucleus of
epithelial cells infected by H. pylori and those
surrounding them within the gastric pit. ROS,
such as superoxide (O,"), is active in this bio-
chemical pathway. The source of effective ROS is
the epithelial cell itself, since ROS generated by
neutrophils and macrophages are not sufficiently
long-lived to diffuse through extracellular matrix
and penetrate epithelial cell membranes. Here,
NO and O, react to form peroxynitrite (ONOQO"),
which causes DNA damage through guanine
nitration and, finally, mutations, impairment of
DNA repair enzymes and genomic instability
[61-63]. Changes in lipid and protein expression
consequent to oxidative stress have been observed
[64, 65]. Last but not least, induced NO produc-
tion interferes with transcriptional modulation by
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promoting DNA hyper-methylation both in non-
coding and coding sequences for clincher pro-
teins of the carcinogenetic intracellular pathways,
such as p53, the cyclin-dependent kinase inhibi-
tors (CDKN2A/CDKNZ2B), the epithelial cad-
herin-1 (CDHI1) or mutL. homolog 1 (MLH1),
and many others. It’s worth noting that passenger
genes, namely, genes that are not directly caus-
ally involved in gastric carcinogenesis, are even
significantly subjected to silencing by aberrant
methylation in the cancerized field [55, 66, 67].
These observations point to methylation rather
than silencing of genes by mutation as the main
mechanism for inactivation of driver and passen-
ger tumor suppressor genes, indicating that gas-
tric cancer is an epigenetic disease [56].

ROS accumulation in differentiated and stem
gastric cells can be directly and indirectly induced
by H. pylori. Due to its poor immunogenicity,
LPS helps the bacteria to develop a chronic infec-
tion and, following activation of epithelial Toll-
like receptor (TLR) 4 signaling, contributes to
epithelial cell ROS production [68, 69]. Moreover,
especially highly virulent CagA* H. pylori strains
can cause pro-oxidant activities through induc-
tion of NADPH oxidase or spermidine oxidase
activity in host gastric cells [70-72]. ROS gener-
ation is indirectly induced by H. pylori infection
through interaction of TNF-a-receptor on muco-
sal cell surface with TNF-a released by inflam-
matory cells in response to the infection.
Epigenetic modifications can be directly induced
by H. pylori possessing a functional type IV
secretion system [36]. Indeed, through this struc-
ture, specific methyltransferases encoded by H.
pylori may be injected into the host cell [73].
However, studies in gerbil-based models of carci-
nogenesis evidenced a major role of H. pylori-
induced inflammation rather than a unique direct
role of H. pylori-specific virulence factors in
DNA methylation modulation. Indeed, increases
of iNOS, IL1-p, TNF-a, and CXCL2 transcrip-
tion, which are consequent to and synergistic
with H. pylori infection immunopathologic
effects, were shown to parallel the DNA methyla-
tion levels in gastric mucosa [74, 75]. Further
experiments in animal models suggest that infil-
trating mucosa monocytes are central compo-
nents for H. pylori-dependent methylation

induction and that the specificity of aberrant gene
methylation in target cells is conditioned from
their genomic architecture and from epigenetic
elements already present in the cells where meth-
ylation is activated [56].

Inflammation and H. pylori-Mediated
Alteration of DNA Repair Mechanisms

H. pylori may affect activation-induced cytidine
deaminase (AID), which is an inducible enzyme,
physiologically responsible for editing the human
genome, e.g., for generating genomic diversity
within the variable regions of immunoglobulin
genes in activated B lymphocytes through somatic
hypermutation and class switch recombination.
AID is not expressed in normal gastric mucosa, but
it is overexpressed in a proportion of H. pylori-
infected gastric epithelium and in gastric cancer tis-
sues, especially in the presence of mononuclear cell
infiltration and intestinal metaplasia [76]. Most
importantly, AID expression decreases after H.
pylori eradication, suggesting a cause-effect link
with the bacterium [77]. CagPATI*, but not cagPAI”
H. pyloriisolates, are able to stimulate aberrant AID
expression in epithelial cell lines, causing chromo-
somal aberrations and somatic point mutations in
tumor suppressor genes such as the aforementioned
p53 and CDKN2A/CDKN2B [76, 78]. Moreover,
also pro-inflammatory cytokines, such as TNF-q,
indirectly increase the expression of AID through
NF-kB intracellular pathway activation [55].

In vitro experiments on infected gastric epi-
thelial cells demonstrate H. pylori-induced
downregulation of proteins that are sequentially
involved in the mechanism of base excision
repair (BER) and which mediate the removal of
incorrect single base residues [79]. Also the pro-
teins of the DNA base mismatch repair are down-
regulated by H. pylori infection in gastric
epithelial cells as well as in a H. pylori-infected
mouse model and in H. pylori-positive patients
with chronic gastritis [80, 81].

In gastric cell lines and primary gastric epithe-
lial cells, it has been demonstrated that H. pylori
infection prompts downregulation of several com-
ponents engaged in double-strand DNA break
(DSB) repair pathway, which generate carcinoge-
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netic lesions if they are not appropriately restored
[61]. Indeed, DNA damage affecting chromo-
somal ends resulting in telomere shortening and
chromosomal instability has been reported [61].
Even if the precise mechanisms by which these
events occur are not completely understood and
elucidated, ex vivo and in vitro studies demonstrate
that H. pylori infection is associated with altera-
tion in DNA repair by direct host-pathogen con-
tact, and prolonged infection may result in
unrepaired breaks [82]. A genome-wide screening
in gastric epithelial cell lines suggests an involve-
ment of a type IV secretion system-dependent
injection of XPF/XPG endonucleases together
with NF-kB activation in DSB induction [83].

Toward Cellular Autophagy or
Death

The molecular damage in gastric epithelial and
immune cells, consequent to the activation of
oxidative stress pathways by H. pylori-induced
inflammation,  stimulates  caspase-mediated
autophagy or apoptosis, with a raise in cell turn-
over during the initial steps of the infection [84,
85]. Autophagy is an intrinsic cytoprotective
mechanism by self-eating and recycling of cellu-
lar components. Hence, autophagy can suppress
tumor initiation by preserving normal cells and
inhibiting inflammation. However, it can promote
proliferation of damaged cells with precancerous
characteristics by favoring inflammatory cell
growth and providing sufficient oxygen and
nutrients [86]. Hence, an increase in cell survival
and proliferation may be induced in infected and
in neighboring cells, adding on the possibility of
malignant characteristics acquirement thanks to
accumulation of mutagenic DNA lesions, altered
methylation, and block of the DNA repair
machinery [87]. VacA is important in autophagy
induction through the formation of autophago-
some, a double membrane structure encapsulat-
ing intracellular and pathogen-derived damaged
organelles and proteins, among them VacA itself
and CagA, whose activities are modulated [84,
88]. As the chronic infection establishes and pro-
gresses, DNA damage may determine aberrations
in autophagy-associated proteins, such as the

oncoprotein p62/SQSTMI1, which is overex-
pressed in gastric lesions and has been found to
promote tumorigenesis through the NF-kB sig-
naling transduction pathway [89, 90].

In vitro studies demonstrate that autophagy
and apoptosis are molecular mechanisms which
could cross talk between them and may control
the cell fate in autonomous or cooperative ways
[91, 92]. The selected pathway seems to be
dependent on the cellular surface receptor status,
such as the presence of TRAIL or CD95, on
Bcl-2 as a central regulator of autophagy and
apoptosis, and on the intracellular signaling
milieu [93-95]. A key intracellular component
driving death and autophagy is the inflamma-
some, a cytosolic multiprotein oligomer contain-
ing caspases, whose exact composition depends
on the activator which initiates inflammasome
assembly. Inflammasome has dual opposite roles
in the oncogenesis: one in the anti-tumor inflam-
matory response by eliminating precancerous
precursors through apoptosis and, on the other
hand, a pro-tumorigenic effect by stimulating
production of trophic factors for precancerous
cells and stroma [96]. Anti-tumorigenic and pro-
tumorigenic properties are largely determined by
the types of cells, tissues, and organs involved
[97]. For instance, some cells with DNA damage
elicited by CagA* H. pylori strains are less likely
to undergo apoptosis, and thus they are at high
risk of malignant transformation [72]. This high-
lights that the interplay between the host and dif-
ferent H. pylori strains with differentially
expressed virulence determinants is complex and
may strongly influence the progression of the
disease.

The Progression of H. pylori-
Induced Precancerous Lesions:
A Continuous Tolerizing
Relationship

Beyond the biochemical, genetic, and molecular
mechanisms triggered in the early phases of H.
pylori infection and of inflammation, cellular and
soluble factors deeply influence the relationships
between H. pylori and the gastric microenviron-
ment, sustaining bacterial persistence and sur-
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vival of those cells altered from inflammation
and that are shaped toward a precancerous lesion.
Pro-inflammatory factors derived from damaged
cells, such as IL-1p, and from activated T lym-
phocytes, such as IFN-y, IL-4, IL-10, and IL-12,
trigger immunosuppressive pathways from
myeloid cells [98]. In addition, CD4" T cells
recruited in the inflamed microenvironment
secrete pleiotropic chemokines and cytokines,
which play a fundamental role in the final clinical
outcome of the infection and of the cancerized
field, through the activation of many pathways,
such as those leading to epithelial-to-
mesenchymal transition or development of gas-
tric cancer stem cells [99-103].

Mechanisms of H. pylori Attenuation
and Evasion from Immune
Surveillance

Despite the activation of a strong immune
response, H. pylori is able to sustain the infection
for several years or throughout lifetime. H. pylori
survives oxidative stress by the production of
enzyme oxidase and superoxide catalase, thus
determining its persistence in the gastric mucosa
and the further enhancement of the oxidative
burst. Strains with high virulence levels and car-
riers of bacterial determinants with toxic activity
seem to account for a high risk of gastric cancer
development [26, 104]. However, the H. pylori
gastric niche harbors bacterial strains with differ-
ential virulence acquired by genetic recombina-
tion as a strategy for survival and persistence in
the site of infection. Indeed, DNA damage
induced by inflammation in epithelial and stro-
mal cells can involve not only the host genetic
background, but also the H. pylori genome.
Homologous recombination can act as a repair
pathway of DNA breaks, prompting antigenic
variation in H. pylori [105]; for instance, rear-
rangements in the genes encoding post-
translational modifying enzymes, such as
alpha-fucosyltransferases  or  peptidoglycan
deacetylases, can determine changes in their
activity with modulation of bacterial cell wall
antigenic specificity [106, 107].

Molecular biology studies suggest functional
relationships between different genomic traits of
H. pylori. In particular, the composition of the
CagPAl greatly affects bacterial motility, survival
capacity in different gastric microenvironments,
production of pro-inflammatory cytokines, and
antimicrobial susceptibility [108-112]. It has
been highlighted that a single infective H. pylori
strain may include variable proportions of sub-
types with different CagPAI genotypes, a phe-
nomenon consistent with host-induced adaptive
changes of the bacterial population infecting the
stomach [113, 114]. Indeed, heterogeneous
genomic and proteomic profiles of H. pylori
strains and subtypes have been described showing
a tendency to an association with different precan-
cerous or pathologic conditions [26, 115-117].
Deletions of CagPAI genes are more frequently
detected among individuals with metaplasia and
atrophic gastritis than non-atrophic gastritis or
duodenal ulcers [118, 119]. These mechanisms
entail virulence attenuation favoring colonization
and persistence, but also modify the interaction
capacity of the bacterium favoring the escape
from the immunosurveillance.

Myeloid and Lymphoid Cellular
and Soluble Factors Affecting
the Clinical Outcome of H. pylori
Infection

The secretion of inflammatory cytokines from
healthy and damaged cells can be promoted by
interaction of bacterial LPS, flagellins, toxins,
and cellular products with membrane receptors,
such as TLRs, or cytosolic components, such as
inflammasomes. A paradigmatic example of
membrane receptor is TLR4. It is expressed in
immune as well as epithelial and stromal cells,
where it can activate MyD88-dependent path-
ways, with the transcription of genes encoding
for pro-inflammatory cytokines and chemokines
(TNF, IL-1f, IL-18), immunosuppressive cyto-
kines (IL-10 and transforming growth factor
(TGF)-p), and angiogenic mediators (vascular
endothelial growth factor (VEGF), epidermal
growth factor (EGF)). In addition, TLR4 has
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been detected in tumoral cells, where it is capable
of activating mitogen-activated protein kinases
(MAPK) and NF-kB, suggesting its direct role in
apoptosis inhibition and proliferation stimulation
[120]. Inflammasomes are predominantly
expressed in macrophages and can promote cyto-
kine and chemokine production as well, espe-
cially IL-18 and IL-1B. The CagPAl-encoded
type IV secretion system, LPS, VacA, and bacte-
rial urease B subunit seem to play a role in
inflammasome activation. Recent studies high-
light that the H. pylori-induced inflammasome
activation and consequent IL-18 and IL-1f secre-
tion need the coordinated cooperation between
TLR-2, Nod-like receptor family pyrin domain-
containing 3 (NLRP3) and caspase-1 [121].

IL-18 is a multifactorial chemokine, which
intervenes directly activating CD8* cytotoxic T
lymphocytes and CD4* naive T cells that acquire
a Th1-IFN-y-secreting phenotype under the syn-
ergic action of IL-12 [99, 122]. Besides this anti-
inflammatory action, mucosa integrity protection,
and anti-cancer effect, IL-18 manifests pro-
cancer properties [123]. This effect seems to be
related to an impaired NK cell function through a
PD-1-dependent mechanism, as it has been evi-
denced by in vitro and murine models [124].
However, IL-18 role in gastric cancer is not
clearly understood in the clinical settings [125].
Overexpression of IL-1f is involved in the patho-
genesis of gastric cancer through an immune-
tolerizing effect of the mucosal gastric
microenvironment guided by the mobilization of
myeloid-derived suppressor cells (MDSCs) to
the stomach [126]. MDSCs are one of the repre-
sentative immune suppressive cells having the
capacity to increase T cell apoptosis and suppress
T cell responses, directing the result of the infec-
tion toward evasion from immune system and
pathology [127]. MDSC levels are significantly
increased in cancer patients and correlate with
cancer clinical stages and poor prognosis [128—
130], to such an extent that they have been men-
tioned as possible prognostic biomarkers of
gastric cancer together with macrophages, neu-
trophils, and DCs [131, 132]. Finally, IL-1p pro-
duction by MDSCs may induce secretion of
IL-17 by CD4+ T cells [102].

Th17

Th17 and Th1 are the predominant subsets during
the inflammatory phases of H. pylori infection,
with Th17 response involved at earlier stages of
infection than Thl response [133]. In particular,
CagA* strains stimulate DCs to IL-1p and IL-23
production. In the presence of antigen presenta-
tion, DCs activate CD4* naive T cells to differen-
tiation toward a Th17 phenotype. At intracellular
level, the process is controlled by signal transduc-
ers, such as Signal Transducer and Activator of
Transcription-3 (STAT-3), and by the transcrip-
tion factors retinoic acid receptor-Related Orphan
Receptors (ROR) yt and a. TGF-f, BAFF, and
IL-6 secreted by DCs may be additional important
factors for Th17 differentiation. They act through
STAT-3 and NF-kB pathways [134]. In particular,
TGF-p induces the expression of both RORyt and
of forkhead box P3 (FoxP3) in naive T cells; the
latter molecule is a transcription factor capable of
suppressing the activation of RORyt by a physical
interaction and of deviating the differentiation of
naive T cells toward an immunosuppressive T
regulatory (Treg) signature [135]. IL-6 links the
differentiative pathways of Th17 and Treg, by
activating STAT-3 pathway and down-modulating
FoxP3 expression, finally unbalancing the ratio
between these two subsets in favor of Th17. IL-6
expression is high in H. pylori-infected subjects
as well as in physiological aging, where this cyto-
kine is involved in the maintenance of a low level
of systemic and local chronic inflammation, that
can unbalance immune system functions toward
tolerance and senescence, with a high risk of mor-
bidity [136, 137].

Th17 cell subsets are able to release several
chemokines and cytokines, namely, IL-17A,
IL-17F, IL-21, 1L-22, IL-23, IL-26, TNF-a,
CCL20, and GM-CSF, although not all are Th17
specific. Epithelial cells and fibroblasts are stim-
ulated by Thl7 cytokines/chemokines toward
pro-inflammatory soluble factors secretion, fur-
ther recalling infiltration of macrophages, acti-
vated monocytes, T cells, and DCs in the
microenvironment. Functional for tissue remod-
eling, but of relevance for re-localization of cells
with malignant or premalignant characteristics,
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Th17 cells stimulate epithelial cells to produce
matrix metalloproteinases (MMP) that disrupt
microenvironment architecture. Although IL-17
responses are downregulated by immunosuppres-
sive  enzymes, such as  indoleamine
2,3-dioxygenase (IDO), or by reduced expression
of co-stimulatory receptors on the Th17 surface,
the activity of this T cell subset continues also
after disappearance of the bacterium thanks to
the action of IL-1p, which levels remain elevated
in the gastric mucosa [138].

Th1

Thl cells are involved primarily in defense
against intracellular pathogens and in the iso-
typic switch of immunoglobulins to isotypes
with complement-activation properties. H.
pylori colonization of gastric mucosa seems to
be directly proportional to Thl immune
response, since an insufficiency in this lineage
is associated with enhanced bacterial density
[139]. Outer membrane proteins of H. pylori
induce NK and DC activation and maturation
with predominant production of IL-12, IL-18,
and IFN-y. The synergic action of DCs and NK
cells and their soluble mediators induces the
expression of the transcription factor T-box
expressed in T cells (T-bet) in T cell receptor
(TCR)-engaged naive CD4* T cells, leading to
their differentiation in Thl secreting at least
IL-2 and IFN-y. Hence, through an autocrine
mechanism, IFN-y enforces the Thl polariza-
tion operated by NK, while IL-2 stimulates the
progression of target cells from GO to Gl
phase, initiating the process of clonal expan-
sion of activated T, B, and NK cells. Moreover,
the Thl cytokines cause further recruitment of
macrophages into the infection site [140],
emphasizing Th1 hyperactivation and reinforc-
ing gastric inflammation finalized to the
decrease of bacterial density.

During the early phases of infection, T lym-
phocytes from the H. pylori-infected gastric
mucosa are not able to secrete Th2 cytokines.
Indeed, IL-4 from basophils and mast cells stim-
ulates the expression of the Th2 cell-specific

master transcription factor GATA-binding pro-
tein-3 (GATA-3) in TCR-engaged naive T cells.
GATA-3 have reciprocal antagonistic activity
with T-bet, and both transcription factors are
involved in attenuating the harmful effects of Th1
response to maintain an healthy homeostasis
[141]. Moreover, H. pylori, through HP-NAP and
other virulence determinants, plays a central role
in inhibiting the pathway of Th2 differentiation,
promoting IL-12 and IL-23 secretion by neutro-
phils and monocytes, which support the polariza-
tion of Thl and Thl7 against H. pylori,
respectively. However, negative feedbacks down-
modulating Thl responses can be exerted by
some H. pylori virulence factors and by compo-
nents of the inflammatory milieu. For instance,
bacterial molecules such as GGT or Lewis-
antigens on LPS can activate tolerogenic DC sub-
sets unable to foster a Thl differentiation and
response [142, 143]. In addition, IDO, high levels
of COX-2 and prostaglandin-2 (PGE-2) modify
the Th1/Th2 balance in favor of the Th2 response
[144-146].

Th2

The Th2 cytokine profile includes IL-4, IL-5,
and IL-13, which are involved in a paracrine
and autocrine self-activation and self-mainte-
nance circuit. These cell subsets are important
for the production of H. pylori-specific IgG,
IgM, and IgA, which intervene in systemic and
local antibody-mediated protection against the
bacterium. Especially IgA are relevant in inhib-
iting the bacterial colonization of the mucosa
[147]. Thl immune responses are more effi-
cient than Th2 responses against bacteria [148],
but, when mechanisms down-modulating Th1
expression occur, Th2 and Th17 seem to pre-
vail, and an imbalance toward Th2 responses is
shown. Patients with precancerous gastric
lesions and gastric cancer express a predomi-
nant Th2 signature [149, 150]. One of the
mechanisms which links Th2 profile to worse
prognosis is represented by the ability of
GATA-3 to down-modulate onco-suppressor
genes [151].
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T Regulatory (Treg)

Treg subsets, together with MDSCs, play a
clincher role in H. pylori immune escape, since
they can suppress DCs and effector T cells by cell
to cell contact and production of TGF-f, IL-10,
and IL-35, which limit the inflammatory
responses. They are delegated to maintain self-
tolerance and physiological conditions avoiding
autoimmunity. Two kinds of Tregs have been
described with different ontogeny but some com-
mon features: the natural Tregs (nTregs) and the
induced Tregs (iTregs). While nTregs are gener-
ated within the thymus from lymphoid precur-
sors, the naive CD4* T cells residing in peripheral
lymphoid organs and stimulated by the antigen
can differentiate into iTregs in the presence of
TGF-p and IL-2. Commonly both kinds of Tregs
are defined by the intracytoplasmic expression of
the transcription factor FoxP3.

Triggering of TLR-2 signaling pathway
through H. pylori components LPS or HP-NAP is
an important mechanism for Treg activation
accompanied by Thl inhibition. The Treg-
induced onset of immunologically tolerant gas-
tric microenvironment modulates the survival
and persistence of H. pylori and directs the dis-
ease to a worse outcome [152, 153]. The increase
in Tregs levels within gastric mucosa seems to be
associated with increased expression of pro-
grammed death-ligand 1 (PD-L1) on epithelial
cells in the site of infection. The binding of
PD-L1 to inhibitory receptors present on the sur-
face of CD4* T lymphocytes, such as PD-1 or
B7.1, transmits inhibitory signals which reduce
the effector capacity of these subsets [154].
Hence, globally, an immunological anergy is
established in the field of infection and cancer-
ization, favoring the immune evasion of the bac-
terium and transformed cells. It has been observed
that H. pylori-induced DCs stimulate prolifera-
tion of Treg possessing a reduced suppressive
function due to the H. pylori-dependent IL-1
secretion by DCs itself, suggesting an attempt to
maintain or restore an inflammatory milieu with
effector proprieties [155]. The transition to aner-
gic or reactive immunity also depends on the bal-
ance between the signaling pathways conveyed

toward Tregs or Th17 subset differentiation. In
particular, the absence or the presence of IL-6,
together with the activation of IL-6/STAT-3 axis
in naive CD4+ T cells, prompts or suppresses the
expression of FoxP3, determining the fate toward
the differentiation of suppressive or reactive T
cells, respectively [156, 157].

Besides the essential immunological compo-
nents described in this paragraph and their basic
relationships participating to an evolving immune
profile within the gastric precancerous lesion,
other cellular subsets, such as Th9 and Th22, are
strictly interrelated and committed in the pro-
gression/regression of the infection and of the
field cancerization. They are elegantly reviewed
elsewhere [102, 103]. Furthermore, host genetic
factors related to immunological and regulatory
elements composing the mucosal milieu and
entangled in bacterial interactions may play a
pivotal role in addressing the outcome of H.
pylori infection.

Host Factors Affecting
Inflammation and Its Clinical
Outcome

Functional polymorphisms that influence the level
or the quality of the expression of genes encoding
for intracellular and extracellular receptors,
enzymes, cytokines, and chemokines modulating
the inflammatory response have been associated
with increased risk of gastric cancer [158]. The
clinical significance of these associations is depen-
dent from ethnicity, which is an important con-
founding factor in epidemiological studies [159,
160]. Interestingly, a correlation between the pres-
ence of certain single nucleotide substitutions
(SNPs) and a high proportion of highly virulent H.
pylori strains has been found, suggesting the exis-
tence of a selective pressure exerted by the host on
the microorganism subtypes. This possible syner-
gistic interaction could lead to the progression or
regression of precancerous lesions [20, 161].
Individual genetic predisposition to exacerbate or
dampen the effects of H. pylori infection may con-
cern several steps of the interplay between the bac-
terium and the host (Table 1.1).
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Table 1.1 Some genetic polymorphisms involved in modulating host response during Helicobacter pylori infection

Host gene‘ Polymorphism ‘ Associated clinical condition ‘ Ethnicity ‘ References

Mucosal invasion and damage

PTPNI11 |rs2301756 A>G Hp-related atrophic gastritis Japanese; Japanese [162, 163]

Brazilian
rs2301756 A>G GC Japanese [164]
rs12229892 GC and/or AG Chinese [165]

CDH1 rs16260 (—160 C>A) | GC Caucasian [166-172]

DNA repair

PARP-1 |rs1136410 T>C Cardiac adenocarcinoma Chinese [173]
rs1136410 T>C High proportion of high virulence |Brazilian [161]

strains

DNMT | rs1550117 AA GC Chinese [174]

Immune evasion and attenuation

TLR1 rs4833095 Gastroduodenal diseases Malaysian [175]

(including GC)

TLR4 1s4986790 Hp infection, AG, GC ITtalian, Caucasian [176, 177]
rs4986791 Hp infection, AG, GC ITtalian [176, 178]
rs4986790, —1 Digestive cancers Caucasian [179]
rs11536889 G>C Atrophy in Hp* pts Japanese [180]

TLR2 —196 to —174 del GC; IGC, DGC Brazilian; Japanese [181, 182]
—196 to —174 ins Atrophy, IM Japanese [183]

TLRS5 1s5744174 C GC Chinese [184]

TLR10 | rs10004195 Gastroduodenal diseases Malaysian [175]

(including GC)
NODI1 rs2075820 AA DU, atrophy, IM, Hp eradication | Hungarians; Turkish [185, 186]

failure

rs2075820 AA DGC Chinese [187]

rs2075820 AA Gastritis, TIL-8, and COX-2 Korean [188]
mRNA

rs2709800 GT Gastric lesions; IM Chinese [189, 190]

187789045 TT GC Chinese [187]

NOD2 15718226 G Dysplasia Chinese [189]

rs2111235C trisk of disease progression in Caucasian [191]
Hp* pts

157205423 G 1risk of disease progression in Chinese [187]
Hp* pts

1s7205423 GC GC Chinese [187]

1s2066842 GC German, Polish [192, 193]

(c.802CC>T)

rs2066844 T GC Italian [194]

12066844 and lautophagy and presentation to Not specified [195]

rs2066845 MHCII

12066847 Ibacterial clearance by Italian [196]
monocytes

IL-1B 31C>T GC, only in Hp* pts Chinese [197]
511C/T GC Mixed; Caucasian [19, 20,

198]

IL1-RN | IL1-RN*2 VNTR GC Non-Asian populations; [20, 199]

Caucasian
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Table 1.1 (continued)

Host gene| Polymorphism Associated clinical condition Ethnicity References
IL8 251 A/T GC Chinese; Asian [200, 201]
IL10 1082 A/G GC Asian; Taiwanese [199, 200,
202]
819 C/T GC Taiwanese [202]
TNF-a 308 G/A GC Caucasian [203]
238 G/A GC Asian [204]

PTPNI1 tyrosine-protein phosphatase non-receptor type 11, Hp Helicobacter pylori, GC gastric cancer, AG atrophic
gastritis, PARP-1 poly-ADP-ribose polymerase 1, DNMT DNA methyltransferase, TLR toll-like receptor, pts patients,
IGC intestinal-type gastric cancer, DGC diffuse-type gastric cancer, /M intestinal metaplasia, NOD nucleotide-binding
oligomerization domain-containing protein, DU duodenal ulcer, /L interleukin, COX-2 cyclooxygenase-2, MHCII
major histocompatibility complex II, VNTR variable number tandem repeat, TNF-a tumor necrosis factor o

Accumulation of DNA damage following oxi-
dative stresses can be worsen by SNPs present in
the host genes coding for DNA repair enzymes,
which may unbalance the relationship between
apoptosis and cellular proliferation. Poly-ADP-
ribose polymerase 1 (PARP-1) is a component of
the BER system whose polymorphisms have
been mentioned to be associated with gastric can-
cer in some studies [161, 173]. However, some
investigations report no relationship between
worse prognosis and this mutated enzyme [205],
while only combined effect of genetic and H.
pylori profile covariates shows significant asso-
ciations with gastric cancer in other studies [206].

One of the intracellular receptors which plays a
pivotal role in the transformation of the infected
cells is the tyrosine phosphatase Src homology
region 2 domain-containing phosphatase-2 (SHP-
2), which is first intercepted by the phosphorylated
CagA and which was found to induce cell mor-
phological and physiological modifications.
SHP-2 is coded by the PTPN11 gene, whose poly-
morphisms have been associated to increased risk
of atrophic gastritis in Chinese population with,
but not without, H. pylori infection. This effect is
probably due to a different strength of signal trans-
duction through the CagA-SHP-2 complex [165].
Although wide association studies focusing on
hundreds of SNPs possibly involved in CagA
interaction have identified new susceptibility loci
for gastric cancer, the insufficient statistical power
of these studies does not allow to assess the exact

relationship between the selected SNPs and gastric
cancer risk, providing only clues on the mecha-
nisms entailing CagA function [207, 208].

Among polymorphisms concerning TLRs,
two SNPs within 7LR4 coding gene have been
linked with susceptibility to chronic infection,
atrophic gastritis, and gastric cancer in Caucasian
population by more than one study [176-178];
moreover, an alteration in the ligand-binding
receptor site with proven diminished LPS respon-
siveness has been underlined [209, 210].

In addition to TLR, NLRs are important in the
recognition of H. pylori. Polymorphisms of NOD1
and NOD?2 are the best characterized in manifold
studies. Overall, they highlight that functional SNPs
reducing  NODI1-/NOD2-mediated ~ immune
response to H. pylori contribute to bacterial survival
and persistence and that a subsequent over-activa-
tion of other inflammatory responses may result in
inflammation-related carcinogenesis [211].

As already mentioned, IL-1p is an important
pro-inflammatory cytokine and a powerful inhibi-
tor of gastric acid secretion, hence an inducer of
atrophy progression. Polymorphisms in the ILI/B
promoter region, together with those concerning
the IL-1 receptor antagonist (IL1-RN), have been
reported to modulate IL-1p levels and action and
be associated with an increased risk of gastric can-
cer [19]. These associations have been partially
confirmed for Caucasian subjects by meta-
analyses [212, 213], even if slightly contrasting
results have emerged due to different grouping of
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subjects with different allelic frequencies or differ-
ent genetic models of analyses [214]. A meta-
analysis including 36 studies to evaluate the effect
of TNFA on genetic susceptibility to gastritis and
gastric cancer has shown that the TNFA -308G>A
polymorphism is a risk factor for developing gas-
tric tumors in different ethnic groups, with signifi-
cant results found in Caucasians, but no significant
associations among East Asians or other ethnici-
ties [159]. A meta-analysis on a total of 203 stud-
ies assessing associations between gastric cancers
and 225 polymorphisms in 95 genes showed
ambiguous effects for several gene polymorphisms
between Asian and Caucasian populations.
However, this study was able to confirm, through
gene clusters, two panels of polymorphisms that
were significantly associated with the risk of gas-
tric cancer and able to specifically distinguish
these two different ethnic groups [160].

The results of association studies between
genetic determinants and H. pylori-related gas-
tric carcinogenesis may suffer from bias linked
not only to the selection of the analyzed subjects
but also to the population sample size, to the
interactions between several covariates that can
have an impact on this system and cannot be all
eligible or valuable, and to the intrinsic limita-
tions of the statistical methods applied in these
complex contexts. However, they may help in
personalization of the surveillance if they are
directed to specific patient populations.

Conclusions

Gastric tumorigenesis is a multifactorial process
involving complex interactions between gastric
microenvironment, inflammation, and colonizing
microorganisms, with H. pylori being the most
studied and well-known cancer determinant. In
dependence on its genetic and phenotypic hetero-
geneity, H. pylori triggers a number of innate and
adaptive immune responses entangled in tumor
formation process. CagA* strains present an
increased risk of gastric cancer, and elevated lev-
els of inflammatory cytokines have been observed
in H. pylori-infected individuals. Through these
mediators, several kinds of immune cells are
stimulated to cooperate in the modulation of the

oncogenic and anti-suppressive pathway activity.
Methylation of tumor suppressor genes increases
the risk of adenocarcinoma in the stomach.
Autophagy and apoptosis processes may be
hijacked toward cell growth and differentiation.

New technologies allow to discover additional
elements, which can inflame the progression of the
precancerous gastric lesions occurring in achlor-
hydria and atrophy settings. However, functional
and mechanistic studies are needed to elucidate
their specific activities within the evolution and
dynamics of inflammation and their correlations
with the pathogenesis of gastric cancer.
Understanding of the mechanisms that regulate
cancer-associated inflammation could open the
way to new biomarkers able to distinguish patients
with precancerous lesions that will remain indo-
lent from those that will evolve, and to unexplored
treatment opportunities influencing prevention and
prognosis of therapeutic options.
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Genetic and Epigenetic
Mechanisms in Gastric Cancer

Valli De Re and Riccardo Dolcetti

Introduction

Gastric cancer (GC) is the fifth most common
cancer and the third leading cause of cancer-
related deaths [1] and is a complex heterogeneous
disease. Besides tumor node metastasis (TNM)
staging, GC has two clinically accepted classifi-
cations based on histologic features: the Lauren’s
criteria, in which intestinal-type and diffuse-type
adenocarcinomas are the two major histologic
subtypes [2], and the World Health Organization
(WHO) classification that differentiates GC into
categories such as tubular, papillary, mucinous,
and poorly cohesive, including signet ring cell
carcinomas, plus uncommon histologic variants
[3]. Both classifications enable a better under-
standing of the biology of the GC, but so far they
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had limited success in promoting the develop-
ment of subtype-specific treatment options, due
to the complex heterogeneity of the disease.
More recently, genomic studies and comprehen-
sive characterization of GC have confirmed this
complex heterogeneity by providing further
insights into the pathogenesis of GC, proposing
genetic/molecular subclassifications of the dis-
ease and identifying new potential therapeutic
targets. This may pave the way for the develop-
ment of personalized prognostication and treat-
ment [4].

Etiological Classification

Diverging trends in the incidence of GC by tumor
location and histology have suggested that GC
heterogeneity may result from differences in the
etiology. During the past two decades, while
there has been a marked decline in distal and pri-
marily intestinal type (mainly antrum and pyloric
regions of the stomach) [5], the incidence of
proximal diffuse GC type (the first three parts of
the stomach, cardia, fundus, and body) has been
increasing, particularly in the Western countries
and Asia (particularly Japan, China, and Korea)
(Fig. 2.1) [6-8].

Incidence by tumor sub-site also varies widely
based on geographic location, race, and socio-
economic status. Distal GC predominates in the
Republic of Korea, followed by Mongolia, Japan,
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‘m ﬁProximaI stomach

ﬂ Distal stomach

Fig. 2.1 The anatomical location of GC. During the last
years, the numbers of proximal and diffuse types of
tumors are increasing, while for the distal neoplasia,
mainly of intestinal type, the number of cases is
decreasing

and Colombia, and in lower socioeconomic
groups, whereas proximal tumors are more com-
mon in developed countries, among whites, and
in higher socioeconomic classes. The main risk
factors for distal GC include Helicobacter pylori
(H. pylori) infection and dietary factors, whereas
gastroesophageal reflux disease and obesity play
important roles in the development of proximal
cardia/stomach cancer. Patients with immune
deficiencies (i.e., immunodeficiency syndrome
acquired and posttransplant immunodeficiency)
have also an increased risk for GC [9].
Nonetheless, intrinsic genetic factors could play
an additional key role in determining GC devel-
opment since only a small part of H. pylori-
infected individuals will progress to GC [10] and
about 10% of cases occur in familial GC clusters
with some cases showing specific germline muta-
tions [11].

Inherited Genetic Predisposition

The first major inherited form of diffuse GC
(HDGC) was found in linkage to the E-cadherin
(CDH1) gene on chromosome 16q22.1 that
encodes the epithelial cadherin protein (E-cad)
(Fig. 2.2). CDHI has been considered to be the
prototypic gene of the cadherin family [14].
E-cad is a calcium-dependent cell-cell adhesion

glycoprotein composed of five extracellular
cadherin repeats, a single transmembrane
domain, and a cytoplasmic domain with highly
conserved binding sites for p120-catenin (also
known as catenin-d1) and p-catenin (Fig. 2.3).
E-cad suppresses tumorigenicity and tumor dis-
semination by complex mechanisms that pro-
mote tissue organization and block of the
apoptosis [16]. Moreover, the ectodomain of
E-cad mediates bacterial adhesion to mamma-
lian cells, and the cytoplasmic domain is
required for bacterial internalization. Tumor
pathogenesis are thought to involve biophysical
adhesion processes and mechanotransduction-
based intracellular signaling coupled to inhibi-
tion of molecules such as p-catenin and
epidermal growth factor receptor (EGFR).
EGFR belongs to a family of receptor tyrosine
kinases that includes three other members
(erbB2/HER-2, erbB3/HER-3, and erbB4/HER-
4). These receptors are anchored in the cytoplas-
mic membrane and share a similar structure that
is composed of an extracellular ligand-binding
domain, a short hydrophobic transmembrane
region, and an intracytoplasmic tyrosine kinase
domain (Fig. 2.3). Malignant carcinoma cells
abrogate CDH1 function in numerous ways
[16]. In HDGC cases, the CDHI1 gene showed a
damaging mutation leading to the production of
a truncated or incorrect E-cadherin protein
(E-cad) [17]. Patients had an autosomal-
dominant inheritance and an earlier age at onset
of the disease (<40 years, range of 14-69 years).
Tumors were primarily of diffuse-type histol-
ogy, a poorly differentiated adenocarcinoma
that infiltrates into the stomach wall causing
solidity of the wall (linitis plastica) without
forming a distinct mass. Diffuse GC is also
referred to as signet ring carcinoma with
increasing proliferation, invasion, and/or metas-
tasis. The estimated cumulative risk of GC by
age 80 years is 80% for both men and women.
Women also have a 39-52% risk for lobular
breast cancer. Somatic mutations in CDH1 had
been also reported in GCs, and lobular breast
cancers that were not necessarily familial and
CDH1 gene mutations also correlated with the
risk of colorectal, thyroid, and ovarian cancer.
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Fig. 2.2 CDHI gene with some representative germline
sense and missense mutations found in patients with gas-
tric cancer [12]. The figure illustrates the high number of
mutations, including new ones, their distribution along all

The HDGC syndrome was defined by the
International Gastric Cancer Linkage Consortium
(IGCLC) as the presence of two or more docu-
mented cases of diffuse GC in first- or second-
degree relatives with at least one case diagnosed
prior to age 50 years or three or more documented
cases of diffuse GC in first- or second-degree
relatives, regardless of age of onset [18]. Table 2.1
reports clinical criteria for the genetic screening
of families with suspected hereditary gastric can-
cer according to the IGCLC guidelines updated
in 2010.

Table 2.2 reports difference in the families
with aggregation of GC and GC at early onset.

the entire gene, and their potential impact on gene expres-
sion. Mutations had a different impact on the clinical sta-
tus in patients, but only a few of them had a clear
pathogenic role [13]

About 30-40% of HDGCs can be explained
by defective germline alleles of CDH1, but for
the remaining families, the factors driving sus-
ceptibility remain unknown even if in most cases,
a reduced expression of the E-cad protein was
present in the tumor tissue [20]. Of additional
interest, in some cases of HDGC without CDH1
mutation, variants of genes encoding for
CTNNALI, a truncated a-catenin [21], mitogen-
activated protein kinase (MAP 3K6) [22], and
insulin resistance receptor (INSR), FBX024, and
DOTI1L [23], were discovered. Since a-catenin
[24], MAP 3K6 [24], and INSR [25] function in
complex with E-cad [25], genetic alterations of
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Fig. 2.3 Schematic diagram of E-cadherin-HER? interac-
tion. The mature E-cadherin contains three distinct domains:
the highly conserved cytoplasmic domain, a single pass
transmembrane domain, and an extracellular domain. The
cytoplasmic tail of E-cadherin consists of two regions: the
catenin-binding domain and the juxta-membrane domain.
f-Catenin binds to the E-cadherin domain, and this complex
via a-catenin connects and regulates E-cad interaction with
the actin cytoskeleton. p120-catenin binds the CDHI juxta-
membrane domain and stabilizes E-cad expression at the
cell surface. Activation of the HER?2 receptor (e.g., by epi-
dermal growth factor (EGF) ligation to the EGF receptor
(EGFR) by inducing the phosphorylation of p-catenin
directs the dissociation of p-catenin from the E-cad com-

Table 2.1 Criteria for the genetic screening of families
with suspected HDGC; one of the following cases

Cell growth
EMT process

plex, thus leading to a decrease of E-cad-mediated cell adhe-
sion, enhanced epithelial-mesenchymal transition (EMT),
and increased translocation of f-catenin into the nucleus
where it acts as a transcriptional regulator of genes involved
in cell growth and EMT process. Metalloproteinases (MP)
lead to production of soluble E-cadherin (sE-cad) through
the cleavage of E-cad. HER2 phosphokinase activity favors
the dissociation of p-catenin/E-cad complex leading to GC
progression and metastasis. The production of sE-cad, as a
paracrine/autocrine signaling molecule, not only under-
mines adherence junctions, causing a reduction in cell
aggregation capacity, but its diffusion into the extracellular
environment and the blood regulates multiple signaling
pathways involved in GC progression [15]

Table 2.2 Families with aggregation of GC and GC at
early onset

Two GC cases in a family, in which one individual
developed confirmed diffuse GC under age 50 years
Three confirmed individuals with diffuse GC in first-
or second-degree relatives independent of age

One case of diffuse GC occurring before age 40 years
Personal or family history of diffuse GC and lobular
breast cancer, one diagnosed before age 50 years

Hereditary diffuse gastric cancer (HDGC): Families
with aggregation of GC fulfilling the IGCLC criteria
reported in Table 2.1

Familial diffuse gastric cancer (FDGC): Families with
aggregation of GC and index cases with diffuse GC
but not fulfilling the IGCLC criteria for HDGC
Familial intestinal gastric cancer (FIGC): Families
with aggregations of GC and an index case with
intestinal GC. No germline genetic defect has been
found to date in this type of predisposing disease

GC at early onset: Patients who developed GC at an early
age (<50 years old) without a familial history of GC [19]
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these genes are particularly intriguing, but the
exact contribution of these genes to GC predispo-
sition remains unclear until a higher number of
families with mutations in these genes will be
reported and characterized.

Important observations in the last two decades
allowed the identification of individuals who
have inheredited a genetic mutation conferring
susceptibility to syndromes including GC gene
penetrance. While these individuals comprise a
small portion of the overall burden of GC, the
underlying inheredited genes identified are
important to distinguish phonotypical features of
GC and to better decipher the GC pathogenesis.
Syndromes showing incomplete penetrance for
GC include gastric adenocarcinoma and proxi-
mal polyposis of the stomach syndrome
(GAPPS) [26], Lynch syndrome (or hereditary
nonpolyposis colorectal cancer, HNPCC) [27],
Li-Fraumeni syndrome (LFS) [28], hereditary
breast and ovarian cancer [29], Peutz-Jeghers
syndrome [30], and juvenile polyposis [24]. Of
note, Asian ancestry of patients having one of
these hereditary syndromes had showed a mark-
edly increased risk of GC suggesting an inter-
play between genetic risk and environmental
factors, e.g., H. pylori infection or food
ingestion.

GAPPS is a phenotypic variant of the familial
adenomatous polyposis (FAP) that is caused by a
germline mutation in the 1B promoter region of
the adenomatous polyposis coli (APC) gene.
Interestingly, large deletions in the same APC
gene region were observed both in families with
more classic FAP phenotypes and in GAPPS,
showing that APC promoter is a region of partic-
ular importance in gastric neoplasia [26].

The Lynch syndrome is a gastrointestinal dis-
order caused by germline mutation/deletion in
one of the mismatch repair genes (MLH1, MSH2,
MSHS6, or PMS2) or in the EPCAM gene neigh-
boring the MSH2 gene evidenced by gene micro-
satellite instability (MSI). EPCAM deletions
cause additional methyl groups to be attached to
the MSH2 promoter, thus reducing the expres-
sion of the MSH2 gene. GC is the third most
common cancer in these individuals, with the
intestinal subtype of antrum location being the

predominant GC [31]. GC with MSI showed gen-
erally better survival rates, and it is particularly
frequent in an area of Italy (Florence) with high
GC risk [32].

The Li-Fraumeni syndrome is caused by
germline mutations in the P53 tumor suppressor
gene or the cell cycle checkpoint kinase (CHEK?2)
gene [31, 33]. Both diffuse and intestinal GC
subtypes were observed.

Hereditary breast and ovarian cancer occurs in
patients with germline mutations in the tumor
suppressor genes BRCA1 and BRCA2. BRCA-
related pathways safeguard genetic content such
as DNA damage recognition, double-strand break
repair, checkpoint control, transcription regula-
tion, and chromatin remodeling; however despite
the general nature of BRCA functions, tumors in
mutation carriers predominantly target the breast
and ovary. Some observational studies report ele-
vations of the risk for certain cancers, including
GC, besides breast or ovarian cancer in BRCA1
or BRCA2 mutation carriers [29].

Peutz-Jeghers and juvenile polyposis are two
even more rare syndromes: the first caused by
germline mutations in a serine/threonine kinase
(STK11) [34] and the second one most frequently
caused by mutations in the SMAD4 or BMPRI1A
genes [35].

Table 2.3 resumes the germline genetic altera-
tions inheredited in syndromes predisposing to
GC.

Table 2.3 Hereditary syndromes predisposing to gastric
cancer

Syndromes Gene inheredited

Hereditary diffuse gastric cancer [25] | CDH1

Gastric adenocarcinoma and APC

proximal polyposis of the stomach

(GAPPS) [26]

Lynch or hereditary nonpolyposis | MLHI1, MSH2,

colorectal cancer, (HNPCC) [27] MSH6, PMS2 or
EPCAM

Li-Fraumeni (LFS) [28] P53 or CHEK2

Hereditary breast and ovarian BRCALI or

cancer BRCA2

Peutz-Jeghers STKI11

Juvenile polyposis SMAD4 or
BMPRI1A
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Genetic Alterations and Epigenetic
Changes in Precancerous Lesions
and GC at Early Diagnosis

In most instances, GC represents the culmination
of aprecancerous lesion sequence, i.e., metaplasia-
dysplasia-GC [36]. Several comparative molecu-
lar genetics profiles of precancerous lesions and
GC were performed to identify the genes and the
mechanisms responsible for GC onset. Due to
heterogeneity of the tumor, however, a unique
panel for genetic alterations had not been found
yet. However, epigenetic silencing of tumor-
related genes by methylation (in particular,
CDHI1, runx3, MGMT, DAPK, CDKN2A,
MLH1) and histone modifications were found to
be restricted to cancer lesions and demonstrated
to play an important role in GC pathogenesis [37].
Among these genes, MLH1 and CDKN2A pre-
sented a lower methylation frequency in intestinal
metaplasia than in carcinoma suggesting a poten-
tial pathogenic role of progressively increasing
levels of methylation in these genes. Methylation
influences gene expression by affecting the inter-
actions with DNA, proteins, and transcription fac-
tors. Promoter hypermethylation of the mismatch
repair gene MLH1 is considered the main mecha-
nism responsible for microsatellite instability in
GC. Precancerous lesions are also characterized
by a high frequency of hypermethylation of the

GO

Cyclin B M
i3

p21, p27,p57 (Cip/Kip)

Cyclin A

Fig. 2.4 Cell cycle progression. Orderly progression
through the cell cycle involves passage through sequential
checkpoints (i.e., G1, S, G2, M). Cyclin D1 binds to cdk4
and the assembly factor, p27, to create an active ternary
complex. This complex can be inactivated by association

CDKN2A gene, encoding for the cyclin-depen-
dent kinase inhibitor p16, which slows down the
cell cycle by prohibiting progression from G1 to S
phase (Fig. 2.4) [38].

Hypermethylation of promoter CpG islands,
which correlated with silencing of the down-
stream genes, reflects microsatellite unstable GC
subtypes in H. pylori-positive [39] and EBV-
positive GC subtypes [40].

More recently, an association between EBV-
positive GC with aberrant histone modifications
and related DNA methylation alterations has also
been reported [40]. Histones are highly alkaline
proteins with a high content in amino acids with
basic side chains (particularly lysine and argi-
nine). Their tasks are packaging and ordering of
DNA into structural units called nucleosomes
(Fig. 2.5). Nucleosomes represent the main pro-
tein components of chromatin, which is used to
pack the large eukaryotic genomes into the
nucleus, ensuring the appropriate access to DNA
and correct gene expression. Posttranslational
modifications of histones include acetylation/
deacetylation, and methylation may thus interfere
with gene expression.

Precancerous lesions often carry cyclin-E and
cyclin-dependent kinase dysregulations (i.e.,
pl5, pl6, p21, p27) (Fig. 2.4) and alteration of
the RAS-MAPK pathway and HER2 gene ampli-
fication (Fig. 2.6).

p15, p16,p18, p19 (Ink4)

|_

Cyclin D | CDK4

19

_|

p21, p27,p57 (Cip/Kip family)

|_

Cyclin A

with Ink4 or loss of cyclin D1 via proteasomal degrada-
tion. Through phosphorylation of intermediates, the com-
plex induces genes involved in enhancing S-phase entry.
The differential expression of cyclins and Cdks is highly
coordinated and regulated through cell cycle progression
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Histones
core

Fig. 2.5 Nucleosome is the basic unit of DNA packag-
ing. It consists of a segment of DNA wound around a core
of eight histone proteins. Histone modifications have a
direct effect on nucleosome architecture. Posttranslational
modifications of histones regulate DNA-templated pro-

cesses, including replication, transcription, and repair.
Acetylation, methylation, phosphorylation, and citrullina-
tion of the histone core may influence chromatin structure
by affecting histone-histone and  histone-DNA
interactions

Let-7 miRNA family

RAS X

' Proliferation
survival

Fig. 2.6 RAS/RAF/MAPK pathway. Binding of a
growth factor (e.g., EGF) to the tyrosine kinase HER2
activates the receptor activity. HER2 is activated either as
a homo- or heterodimer and results in regulation of mul-
tiple pathways and in particular the RAS/RAF/MAPK

pathway by downstream phosphorylation and activation
of (H/N/K)-RAS, (A,B,C)-RAF, MEK1/2 (MAP 2K1),
and ERK1/2 (MAPK1). Ultimately, ERK activation acti-
vates gene transcription that regulates cell proliferation
and survival
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Table 2.4 The most common molecular alterations found in precancerous lesions

Hypermethylation MLH1

CDKN2A(p16)

Acetylation/deacetylation/methylation

Histone modifications

Gene dysregulations

Cyclin-E and cyclin-dependent kinases (i.e., P15, p16, p21, p27)
RAS-MAPK pathway
HER?2 gene amplification

miRNA dysregulations

Let-7 family

Protein dysregulations

Tyrosine kinase (RAS)/HMGA2

An aberrant downregulation of microRNA
expression, particular of the let-7 family mem-
bers, has been observed in both gastritis and GC,
especially during H. pylori infection [41, 42].
Importantly, their expression can be restored
after H. pylori eradication [43]. Let-7 miRNA
family is downregulated in various solid tumors
and shows a key role in recognition of target
oncogenic proteins such as the tyrosine kinase
RAS (Fig. 2.4) and the high mobility group A2
(HMGAZ2), a non-histonic protein with structural
DNA-binding domains acting as a transcriptional
regulating factor.

Table 2.4 summarizes the most common
molecular alterations often associated with prema-
lignant lesions of the stomach and that become
much more frequent in GC lesions, thus suggest-
ing an association with malignant transformation.

Molecular Classification for GC

The first and most comprehensive molecular
characterization for GC was proposed by the
Cancer Genome Atlas (TCGA) project in 2014
[44]. Authors proposed a classification based on
four subtypes: microsatellite instability-high
(MSI-high), Epstein-Barr virus (EBV)-associated,
chromosomal instability (CIN), and genomically
stable (GS). The main distinctive characteristics
of these subtypes are reported in Table 2.5.

The following year (2015), the Asian Cancer
Research Group (ACRG work) provided a fur-
ther molecular classification for GC, which also
identified four subtypes with an increasing worse
prognosis: microsatellite instability-high (MSI-
high), microsatellite stable/TP53-positive (MSS/
TP53-positive), MSS/TP53-negative, and MSS/

epithelial-mesenchymal transition (MSS/EMT)
[46]. ACRG introduced a role for P53, a key sup-
pressor gene that responds to DNA damage and
promotes apoptotic processes. Somatic P53 alter-
ations have been reported in approximately 50%
of overall human cancers [47]. The principal
characteristics for ACRG subtypes are reported
in Table 2.5.

ATCG and ACRG classifications showed a
partial overlapping consensus such as microsatel-
lite instability and EBV infection. However the
ACRG is different for the demographic popula-
tion and histologic subtype distribution, intro-
duces the P53 mutations, and considers different
baseline molecular mechanisms and prognostic
factors [48]. Moreover, while microsatellite
instability subtype showed a better prognosis in
both these classifications, there were no
prognostic differences in CIN and GS subtypes
when TCGA classification was applied to the
ACRG patient population. In addition, none of
the two classifications takes into account the
tumor microenvironment, the infiltrating immune
cells, nor the role of tumor stage. Of note, both
these molecular classifications failed to show sig-
nificant survival differences in terms of OS or
PFS when compared to simply staging tumor-
nodes-metastases system (TNM - Union for
International Cancer Control/American Joint
Committee on Cancer) classification [49]. Thus,
there is still an open debate about the reliability
of current molecular classifications for GC prog-
nosis. The use of more precise stratification crite-
ria by combining TNM classification with
histological and new molecular tools could
achieve a more reliable classification impacting
on therapeutic management of the patients in the
near future.
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At present, the possible advantage deriving
from the use of a molecular classification is start-
ing to become evident in both research and clini-
cal settings. Encouraging positive results obtained
with the use of immune therapies in MSI and
EBV-positive GC subtypes and with two targeted
agents, ramucirumab targeting VEGF [50, 51]
and trastuzumab targeting HER2 receptor [52],
are some important examples.

It is now well accepted that the presence of
immune-active cellular components in the tumor
microenvironment may contribute to a better
prognosis in various tumors also including GC
[53]. Tumors with high mutation burden or carry-
ing mismatch repair deficiencies showed better
and durable response rates after treatment with
agents that control immune response [54, 55].
Inhibitors of cytotoxic T lymphocyte-associated
antigen 4 (CTLA-4), programmed cell death pro-
tein 1 (PD-1) receptor (pembrolizumab), or
PD-L1 (avelumab), which restore T-cell activa-
tion, are now being used in several clinical trials
[50]. Other agents targeting immune pathways are
in clinical development (e.g., [56]). Notably, the
load of tumor mutational burden was proposed as
potentially suitable marker to predict the response
to the anti-PD-1 treatment than expression of
PD-L1 by immunohistochemistry [57, 58].

Available evidence indicates that EBV-
positive GC, mainly associated with a MSI geno-
type, also showed encouraging response rates
when treated with immune-based therapies [59].
EBYV is a ubiquitous y-herpesvirus distributed in
the world’s population with a high capacity in
establishing immunoevasive latent infection
(95%). EBYV is also associated with mononucleo-
sis and the development of both lymphoid and
epithelial malignancies, particularly in immuno-
deficiency [60, 61] each characterized by a dis-
tinct pattern of viral protein expression [62—65].
Indeed during primary infection, EBV infects
cells in a lytic form, and then the EBV genome is
circularized, condensed, and methylated by host
proteins to enter into a latent state in which only
a small percentage of viral genes are expressed
[66-70]. Several studies demonstrated that tumor
cells of EBV-associated malignancies carry EBV
as a latent infection [71-73]. It was then discov-
ered that the switch of latent virus to lytic phase,

leading to the expression of immediate-early,
early, and then late protein through specific sig-
naling cascade [74, 75], rendered the tumor cells
more susceptible to the cytotoxic antiviral drugs
and oncotherapies against EBV-associated malig-
nancies such as GC [76-81]. In alternative, the
discovery of lytic antigen (e.g., BARF1 antigen)
abnormally expressed in EBV latent phase in
some pathological situations including EBV-
related nasopharyngeal carcinoma and GC could
be also potentially appropriate targets for immune
therapeutic treatment [82]. To identify GC sub-
types that more likely respond to immunotherapy,
a subclassification of GC has been recently pro-
posed on the basis of PD-L1 expression, EBV
status, MSI, and tumor-infiltrating lymphocytes
(TILs) [83] or immune-related gene expression
signatures, including interferon-gamma (6 genes)
and expanded-immune (18 genes) signatures
[84]. These findings are yet to be confirmed in
prospective clinical trials.

The VEGF family consists of five ligands
(VEGF-A, VEGF-B, VEGF-C, VEGF-D, and pla-
cental growth factor, PIGF) and three receptor
tyrosine kinases (VEGF-R1,VEGF-R2, and
VEGF-R3). VEGF is a signal protein that stimu-
lates the formation of blood vessels (neo-
angiogenesis from pre-existing vasculature;
vasculogenesis, for de novo formation), vasodila-
tation, and increased vascular permeability, overall
mostly induced in hypoxic condition (release of
HIF factor). All members of the VEGF family
stimulate cellular responses by binding to tyrosine
kinase receptors, such as the HER2 receptor
(Fig. 2.7), and promoting their dimerization and
the subsequent activation. Bevacizumab is the first
anti-VEGF drug approved in 2004, while ramuci-
rumab (AIFA 2014) is directed against the
VEGE-R first FDA-approved therapy for advanced
or metastatic GC after chemotherapy. Not all
patients benefit from anti- VEGF treatment. Plasma
VEGF-A and neuropilin-1 are emerging as poten-
tial predictive biomarkers for bevacizumab in GC,
while biomarkers in patients treated with ramuci-
rumab have yet to be identified.

HER?2 is an oncogene encoded by the ERBB2
gene on chromosome 17. It belongs to the EGF
receptor family and is overexpressed in 7-34%
of GC. HER2 has no ligand-binding domain of
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its own, but it does bind closely to other ligand-
bound EGF receptor family members to form a
heterodimer, stabilizing ligand binding and
enhancing kinase-mediated activation of down-
stream signaling pathways, such as those involv-
ing mitogen-activated protein kinase and
phosphatidylinositol-3 kinase (PIK3CA) [85]
(Fig. 2.6). Alterations of HER2 structure, dys-
regulation of HER2 downstream signal effec-
tors, and interaction of HER2 with other
membrane receptors may interfere with the
response to treatment [86]. E-cad/p-catenin
(Fig. 2.3), RAS/MAPK (Fig. 2.6), and PI3K-Akt
(Fig. 2.7) pathways are the main downstream
signaling pathways of HER2. PIK3CA muta-
tions and phosphate and tensin homolog (PTEN)
inactivation were found to induce a hyper-activa-
tion of the PI3K-Akt pathway without the neces-
sity of an upstream signal deriving from HER2
activation. It has now become clear that HER2 is
expressed in many normal tissues, including the
breast, gastrointestinal tract, kidney, and heart.
Its major role in these tissues is to promote cell

proliferation and suppress apoptosis, which may
facilitate excessive/uncontrolled cell growth and
tumorigenesis if  aberrantly activated.
Overexpression/amplification of HER2/ERBB?2
in breast cancer is associated with poor progno-
sis, increased risk of local recurrence, and dis-
tant metastasis. Conversely, the potential
prognostic relevance of HER2 in the setting of
GC is still inconsistent. Treatment leading to the
selective inhibition of the HER2 protein has led
to a modest survival benefit in GC; indeed, like-
wise HER2-positive breast cancer, patients are
primary refractory or acquire resistance to trastu-
zumab therapy. Novel HER2-directed therapies
including pan-HER TKIs, MET and mTOR
inhibitors, and dual HER2-blockade are under
investigations [87]. Specific targeted agents
toward other genes/pathways with a key role in
GC emerging from the ATCG and ACRG classi-
fications (Table 2.5) are currently under investi-
gation [48]. A list of the most promising
targetable genetic lesions and signaling path-
ways is reported in Table 2.6.

Cell cycle arrest
DNA repair

o Survival
invasion

Ribosomal protein synthesis, cell growth, proliferation

Fig. 2.7 Schematic representation of the PI3K/Akt path-
way. HER2 activation leads to the activation of phosphati-
dylinositol-3 kinase (PI3K), which initiates activation of
Akt by phosphorylation. Akt acts as a major source of
activation to further downstream signaling genes involved
in various cellular processes such as ribosomal protein

synthesis and cell proliferation (through activation of
mTOR), survival and invasion (through inhibition of
BAD, FKHR and activation of NF-kB), metabolism (acti-
vation of GSK3p), cell cycle arrest, and DNA repair medi-
ated by p53 (through MDM?2)
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Table 2.6 Emerging molecular markers and its targeted drug development

Gene Activity Positivity Molecular alteration | Therapeutic agent
HER2 Member of the EGFR GC (7-34%) Amplification Trastuzumab; other inhibitors had
family, TYR kinase Intestinal (34%) overexpression been tested: lapatinib,
receptor Diffuse (6%) pertuzumab, trastuzumab
GJ (30%) emtansine; however benefit is
modest. Resistance is under
investigation
EGFR TYR kinase receptor, GC (24-27%) Amplification Cetuximab; panitumumab.
most frequently form Intestinal (32.7%) overexpression Disappointing results, but a
heterodimers with Co-amplification possible lack of a proper selection
HER2 (EGFR/HER?2: 3.6%) of patients
P53 Cell cycle control, DNA | GC (75%) Mutation APR-246 and COTI-2 have
repair, and apoptosis Intestinal (50%) LOH progressed to clinical trials in
found also in some tumors
adenoma and
metaplasia
KRAS RAS GTPase, recruits GC (5%) Mutation codon No target therapies are currently
the cytosolic protein Intestinal (>50%) 12-13 approved. Other drugs, such as
RAF Associated with MSI MEK (selumetinib), PI3K, or
BCL-XL inhibitors, were tested
in KRAS-mutated cancer cell
lines with promising results
BRAF Serine/threonine kinase | GC (2%) Mutation, mostly Vemurafenib and dabrafenib have
V599M been approved for treatment of
melanoma
FGFR2 Member of the GC (9%) Amplification Several drugs and studies
fibroblast growth factor | Diffuse type (>50%) targeting this mutation are
receptor family ongoing: AZD4547, dovitinib
MET TYR kinase receptor, GC (8%) Amplification Onartuzumab and an anti-HGF
interacts with HGF Diffuse (39%) Overexpression (rilotumumab) are studies
(hepatocyte growth Intestinal (19%) related to tumor discontinued (preliminary results
factor) stage and clinical were negative). By converse a
outcome positive tumor response to
AMG337 was reported, but the
study was interrupted for excess
of agent toxicity. Study on
LY2875358 is ongoing in other
tumors
VEGF Factor of angiogenesis GC (50%) Expression, Bevacizumab showed an
prognostic for improvement in progression-free
survival survival and tumor response, but
no overall survival benefit
Ramucirumab and apatinib
showed a significant improvement
in the overall survival in
subsequent line of treatments;
their role in first-line therapy is
still unclear
ATM Serine/threonine kinase | GC (13-22%) Down expression Poli ADP-ribose polymerase
recruited and activated Microsatellite inhibitor (olaparib)
by DNA double-strand mutation
breaks
Neo- MSI and MMR GC (30%) Mismatch repair Immunotherapies:
antigens | deficiency amplify the deficiency pembrolizumab (PD-1);

number of tumor
neo-antigens

nivolumab plus/without
ipilimumab preventive vaccine
(against recurrent neo-antigens) is
under study
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Table 2.6 (continued)

CDH1 Tumor suppressor gene | GC (37% of GS Mutations, Treatments targeting epithelial-
subtype) hypermethylation mesenchymal transition (EMT)
downregulated are under study: emodin; an
expression antimalarial agent ARS4, a
steroidal alkaloid cyclopamine/
IPI-269609; a well-tolerated
treatment for type 2 diabetes
mellitus, metformin
A clinical trial in hormone
metastatic prostate cancer
targeting E-cadherin is ongoing
(NCT02913859)

ARIDIA | Tumor suppressor gene | GC (8%) Inactivating Under study: EZH2, residual
involved in chromatin GC (20% GS mutations SWI/SNF activity, PI3K/AKT
remodeling subtype) pathway, tumor immunological

may synergize with microenvironment, and stabilizing
PIK3CA activation wild-type p53

and mutually

exclusive to TP53

mutation

RHOA Ras-related family. It GC (30% GS) CLDNI18- IMAB362 antibody against
regulates cytoskeletal Diffuse type ARHGAP26 fusion CLDNI8-positive cancer. Fasudil,
organization, cell gene or mutations in other tumors
adhesion, intracellular
membrane trafficking,
gene transcription,
apoptosis, and cell cycle
progression. Activates
Stat3

AURKA | Aurora family gene GC (5%) Amplification, Alisertib
controlling mitotic mutations
events
Serine/threonine kinase,
located on centrosome

PLK1 Polo like kinase GC (95%) Overexpression Volasertib
involved in the
regulation of mitosis

CLDNI18 | Member of claudins, GC (48%) Downregulated Claudiximab (IMAB362)
components of the tight | Intestinal (>50%) Fusion gene with
junction ARHGAP26, a gene

encoding a RHOA
inhibitor

Mutually exclusive
with RHOA
mutations

MEK Fibroblast growth factor | GC (4%) Amplification Trametinib for treatment of
receptor melanoma BRAF+

GSK1120212 and PD0325901
in vitro

EBV Epstein-Barr virus GC (8.7%) Presence of the virus | Immunotherapies PD1/PD-L1,

Diffuse (50%) in the tumor cells JAK?2 (pembrolizumab,
nivolumab, MPDL3280A, MEDI
4736, AZD1480)

Abbreviation: GJ gastroesophageal junction, MSI microsatellite instability, GS genome stable ATCG subtype
Other drugs targeting PI3K/Akt pathway (4-24% of all GC, AZD5363, MK-226, BYL719) target of mTOR pathway
(everolimus), ERB3 (15%, pertuzumab, trastuzumab)
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Introduction

There are some difficulties in early detection
and diagnosis of stomach cancer because, usu-
ally, patients have non-specific symptoms as
abdominal pain and a sense of fullness of the
upper abdomen and in advanced stomach can-
cer poor appetite, weight loss, nausea and vom-
iting, and anemia. Patients presenting with the
above-mentioned symptoms and patients with
risk to develop gastric cancer require further
workup [16]. Instrumental diagnostic tests, in
patients with clinical symptoms or in presence
of risk factors, include gastroscopy with biopsy,
endoscopic ultrasound, computed tomography
(CT), magnetic resonance imaging (MRI), pos-
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itron emission tomography (PET), X-ray, lapa-
roscopy and other laboratory tests [20].
Esophagogastroduodenoscopy (EGD) is the
diagnostic imaging procedure of choice in ini-
tial step of diagnosis of gastric carcinoma
(Fig. 3.1). An endoscope is used to visually
examine the lining of the esophagus, stomach,
and the upper portion of small intestine [6, 20].
EGD is performed with the patient in the left
lateral position, usually under conscious seda-
tion, mostly with benzodiazepines, sometimes
in conjunction with a central analgesic and
recently with propofol, and it is associated with
very low complication rates [23]. After the gen-
eral process of observation, differential diagno-
sis of minute mucosal changes found during the
observational process should be conducted with
caution by image-enhanced endoscopy (IEE).
When judged to be necessary, the minimum
necessary number of biopsy specimens should
be obtained from the most suitable site. The
presence of H. pylori infection, mucosal atro-
phy and intestinal metaplasia is closely associ-
ated with the risk of gastric cancer. Therefore,
to recognize relevant endoscopic findings to
these conditions, it is important to assess risk of
gastric cancer and to detect early gastric cancer
(EGC) efficiently [11]. The little adhesion of
mucus, regular arrangement of collecting
venules (RAC), and fundic gland polyps
strongly suggest “H. pylori uninfected gastric
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Fig. 3.1 Gastric cancer

mucosa.” Atrophy of the gastric mucosa, mean-
dering and thickening folds in the gastric cor-
pus, xanthoma, or gooseflesh-like mucosa
(nodular gastritis), indicates a “gastric mucosa
with current or previous H. pylori infection”
[11]. Undifferentiated carcinoma often origi-
nates from the region inside the endoscopic
atrophic border or the intermediate zone (vicin-
ity of the atrophic border). Well-differentiated
carcinoma often arises from the external region
of the endoscopic atrophic border.

The macroscopic aspect of gastric cancer is
defined by Borrmann classification: polypoid
lesions (type I); fungating, ulcerated with sharp
raised margins (type II); ulcerated with poorly
defined infiltrative margins (type III); and infil-
trative, predominantly intramural lesion, and
poorly demarcated (type V).

EGD is a highly sensitive and specific diag-
nostic test, especially if combined with endo-
scopic  macrobiopsies  and  histological
examination of the tissue. The update Sydney
system recommends at least five biopsies, two
from the antrum, two from the corpus, and one
from the incisura angularis, and multiple biopsies
should be obtained from any suspicious areas.
Gastroscopy must be performed with quality cri-
teria, applying coloring methods (chromoendos-
copy, NBI, etc.), magnification and
endomicroscopy, which allow for high accuracy
of diagnosis. There is no universal standard for

the number of images to be recorded during
EGD. The ESGE guideline recommends four
images to be recorded for observation of the
stomach [3]. This number is inconceivably low in
comparison with the number of images usually
taken in Japan. However, considering the low
prevalence of gastric cancer in Europe, this num-
ber, reflecting moderate attention, may be appro-
priate and cause no clinical problems [11].

Recommendations for improving upper gas-
trointestinal (UGI) endoscopy in Western coun-
tries are:

e Focus training on early upper gastrointestinal
cancer detection.

* Routine systematic mucosal washing with
mucolytic and antifoam agents with or with-
out use of antiperistaltic agents.

e Appropriate sedation to allow adequate
examination.

e Systematic examination of upper gastrointes-
tinal tract with routine high-definition white
light photodocumentation using European
Society of Gastrointestinal Endoscopy 2016
guidelines as a minimum standard.

e Minimum total procedure time 8 min: with
4 min gastric examination and 2 min oesopha-
geal examination where detection of early
upper gastrointestinal cancer is a diagnostic
aim [31].

* When a gastric cancer is found, 6-8 biopsy
specimens with macroforceps are
recommended.

e This number of specimens provides a more
correct evaluation of HER?2 status.

e Further staging with endoscopic ultrasound in
esophagogastric  junctional tumors and
selected gastric cancers is recommended
(grade B) [2].

Chromoendoscopy
and Magnification Endoscopy

Magnifying endoscopy in conjunction with chro-
moendoscopy is useful to improve visualization
of mucosal details. Vital dyes in digestive endos-
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copy have been introduced 20 years ago for a bet-
ter  identification of mucosal  surface
abnormalities. In recent times, vital dyes can be
associated to endoscopic high resolution and
image magnification tools (zoom endoscopies).

The most commonly used dyes are methylene
blue and contrasting dyes such as carmine indigo.
Methylene blue is taken up by absorbent tissues
such as the small intestinal epithelium; instead
carmine indigo is not absorbed from cells but has
the objective of delineating the edges and contour
of a lesion accurately, to facilitate their
detection.

Endoscopic magnification, with tools that
enlarge the image up to 150 times with the use
of electronic zoom, has allowed to improve the
identification of preneoplastic lesions and early
neoplasia (in particular non-protruding and
small ones). The use of this technique permits to
reduce the rate of lesions not detected during
traditional endoscopy and to study, analyzing
spatial arrangement of glandular crypt orifices
(pit pattern), the histological type of the lesion
(hyperplastic or adenomatic), and the depth of
parietal invasion. Moreover, chromoendoscopy
with methylene blue or acetic acid allowed the
development of some superficial classifications
that correlate with intestinal metaplasia and
dysplasia. Regular or destructured patterns are
related to the presence of high-grade dysplasia
or carcinoma [14].

Narrow-band Imaging NBI

Narrow-band imaging (NBI) is based on the
shrinking spectral bandwidth of RGB optical
filters used in the sequential imaging method
that creates video-endoscopic images. The NBI
system is embedded in the endoscope and fil-
ters some wavelengths allowing only blue light
to illuminate the tissue thus permitting an
increased vascular-capillary network visibility
and to process the endoscopic image in real
time (Fig. 3.2). In this way, the endoscopist can
evaluate the capillary pattern correlated with
the degree of parietal infiltration of the neo-
plasm. This technology, with endoscopic mag-
nification, can identify capillary or glandular
mucosal alterations.

Other innovative technologies even if of
more limited use are autofluorescence (AF),
exogenous fluorescence or photodynamic diag-
nosis (PDD), reflection or light scattering spec-
troscopy (LSS), trimodal spectroscopy, Raman
spectroscopy, and optical coherence tomogra-
phy [14].

Finally, a very important point is the introduc-
tion of endoscopic macrobiopsy. The use of mac-
robiopsy, in addition to the electronic technology,
allows taking tissue samples of about 0.5-0.7 cm
against the “normal” pliers with 0.2-0.3 cm,
reducing the number of inadequate samples for
histological diagnosis.

Fig. 3.2 (a) Endoscopic image of high-grade dysplasia; (b) NBI image of high-grade dysplasia
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Confocal Laser Endomicroscopy

The confocal laser endomicroscopy (CLE)
(CellVision, Mauna Kea Technologies, Paris,
France) is a new endoscopic technique that is
performed during a traditional endoscopic exam-
ination. It allows to examine mucous membranes
and tissues during the diagnostic phase [14]. The
confocal laser endomicroscope permits in vivo
analysis of tissue microarchitecture, with cellular
resolution, thus allowing a precise identification
of areas to be biopsied. The analyzed region is
enlarged 1000 times, so it permits to examine the
mucosa and its glands, vessels, and microvessels
at the same time and to interpret whether the
alterations are inflammatory, preneoplastic, or
neoplastic.

These features make pCLE potentially useful
in early diagnosis of tumor or dysplastic lesions,
as well as in biopsy optimization and targeted
endoscopic treatment. The CLE probe is intro-
duced into traditional endoscope during
endoscopic  examination. Endomicroscopic
images are generated by the use of the contrast
agent sodium fluorescein administered endove-
nously. After intravenous administration of
5-10 ml of 10% fluorescein sodium, cells, vascu-
lar system, and connective tissue can be well dif-
ferentiated.  During the acquisition of
endomicroscopic images, the terminal of the
probe should be gently rested on the mucosa/
lesion to be investigated. 0.8 or 1.6 endomicro-
scopic images per second are displayed on the
monitor and can be recorded in the database of
the equipment.

The main indications to the endomicroscopic
study are all those conditions in which it is pos-
sible to recognize alterations of cellular morphol-
ogy or of vasculature in the superficial layers of
the mucous membrane, especially the dysplastic
lesions of the gastrointestinal tract, including the
biliary duct.

Several clinical studies based on comparison
with traditional histological examination have
established the diagnostic confocal criteria for
the diagnosis of normal gastric mucosa, chronic
gastritis with intestinal metaplasia, and neopla-

sia. In the absence of pathology, the administra-
tion of fluorescein allows to identify in the gastric
corpus a network of subepithelial honeycomb
capillaries surrounding gastric foveole, while in
the antrum, they have a spiral appearance. Early
neoplastic well-differentiated lesions appear gen-
erally hypervascularized, with tortuous and
dilated vessels with irregular form and dimen-
sions. In contrast, undifferentiated tumor appears
hypovascularized, and vessels have short and
unconnected branches [8].

In a monocentric study conducted on 31
patients with 35 lesions, diagnostic accuracy of
endomicroscopy was significantly higher than
the histological diagnosis performed on standard
biopsies (94% vs 86%), when the results were
compared with the histological outcome of the
entire post-ESD lesion. In the gastritis associated
with the presence of Helicobacter pylori, CLE
has demonstrated the presence of fluorescein out-
break through intercellular spaces. The eradica-
tion treatment reduced the fluorescein spill
restoring the normal condition. Instead, the spill
of contrast media persisted in the presence of
morphological alterations, such as intestinal
metaplasia, despite the success of eradication
therapy. In this context CLE has highlighted the
altered function of the in vivo mucous barrier, a
factor that can contribute to carcinogenesis.
Recently, due to the increasing interest in molec-
ular imaging, specific biomarkers, also called
molecular probes, have been developed.
Typically, these are low molecular weight pep-
tides, with variable affinity for specific structures,
conjugated with fluorescein (e.g., fluorescent
antibodies to the epidermal growth factor
receptor — EGFR).

These antibodies allowed in vivo study of gas-
tric cancer and possible response to targeted ther-
apies in animal models and ex vivo on human
tissues opening the way for new studies of
markers that allow targeted use of drugs such as
trastuzumab [13, 18].

Endomicroscopic observation is, however,
time-consuming. Peristaltic visceral or transmit-
ted (breath, heartbeat) movements and the
remarkable enlargement of vision can generate



3 Diagnosis and Surveillance: Endoscopic Hallmarks

47

artifacts. The depth of exploration, limited to a
maximum of 250 microns, does not allow to eval-
uate the neoplastic infiltration of the submucosa.

A particular field of endomicroscopy concerns
the study of tumor neoangiogenesis. The devel-
opment of new blood vessels from pre-existing
vessels (angiogenesis) is a phenomenon indis-
pensable both in normal conditions and in patho-
logical situations such as growth and tumor
progression. Tumors cannot grow more than
2 mm unless they are in presence of an angioge-
netic process. Be able to identify the onset in a
relatively short time of new vessels in the intratu-
moral area can be crucial for a decisive and per-
sonalized anti-angiogenetic therapy.

The fluorescein as a contrasting medium is
very useful in highlighting these neoformed ves-
sels that often exhibit large structures and with
defective flow and leakage areas (Fig. 3.3).
Spessotto et al. demonstrate that in a total of 35
consecutive patients with gastric cancer that
underwent endoscopy and pCLE during the same
examination, the morphological neoangiogenesis
was in agreement with histological and immuno-
histochemical analyses. They develop an arbi-
trary angiogenesis scale that can estimate the
extent of intratumoral angiogenesis based on ves-
sel shape and size, permeability, and blood flow
and allowed the creation of an angiogenic score
ranging from 0, for normal vasculature, to 4, for
aberrant vasculature.

The study shows that the angiogenic score
may be applied during endomicroscopy with a
moderate grade of “consistency,” at least for rec-
tal cancer patients, thereby granting very rapid
information on the vascularization pattern of a

given patient. A lower concordance related to
gastric cancer analyses could be due to the excess
of fibrotic tissue in gastric tumors, which may
render difficult the clear detection of the vascu-
larized regions by pCLE in real time. They over-
come this problem by off-line evaluation since
the dedicated software allows the images to be
corrected and stabilized after digital storage. In
any case, they demonstrate that off-line evalua-
tion can provide information more rapidly than
histological procedures [28].

Endoscopic Ultrasound

Endoscopic ultrasound (EUS) is a modality that
allows more accurate locoregional staging of
early or locally advanced gastric cancer. The
transducer is placed directly next to the gastric
wall, so the depth of tumor invasion and local
lymph node involvement, that usually influence
survival, can be determined by high-frequency
soundwaves [16].

EUS imaging is currently performed with
radial or linear echoendoscope. These scope are
video-endoscope coupled to electronic ultra-
sound processors for generation of electronic
EUS images, endowed with special aspect includ-
ing Doppler, contrast, and others: standard EUS
usually utilizes high ultrasound frequencies that
vary between 5 and 20 MHz [33] (Fig. 3.4). The
transducer in most radial echoendoscopes
generates radial images of 360°, oriented perpen-
dicular to the shaft axis of the instrument. Indeed,
linear echoendoscopes produce images directed
parallel to the tube axis allowing for an effective

Fig. 3.3 Image of vasculature in gastric cancer obtained by probe confocal laser endomicroscopy
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Fig. 3.4 Endoscopic ultrasound image of gastric cancer
T3NO

and safe performance of EUS-guided fine needle
aspiration puncture (EUS-FNA) when needed
[33]. Acoustic coupling of the ultrasonic trans-
ducer to the GI wall requires application of fluid
as interface between the wall and transducer.
Usually water-filled balloon, placed around the
tip of instrument, or instillation of water in the
lumen is used to perform EUS [23, 33].

EUS can increase preoperative staging accu-
racy, but it cannot be used to assess distant lymph
node involvement or to screen for lung or liver
metastasis. EUS is useful in defining proximal
and distal extent of the tumor and to evaluate T
and N stage but is less useful for antral tumors [5,
27].

During echoendoscopy some scanning princi-
ples should be performed as scanning of target
should be perpendicular to avoid erroneous diag-
noses or overstaging due to broadening and blur-
ring of structure; it should be kept an adequate
focal distance; the use of higher frequencies may
help to obtain a better visualization of structures
and lesions [33].

The gastric wall normally consists of five dis-
tinct layers. The two inner layers (echo rich and
echo poor) represent the interface/superficial
mucosa and deep mucosa/muscularis mucosa.
The third (echo rich) layer corresponds to the
submucosa, the fourth (echo poor) to the muscu-
laris propria, and the fifth (echo rich) to the
serosa, which is difficult to distinguish from the

R. Cannizzaro et al.

surrounding tissue. For the orientation and other
diagnostic purposes surrounding organs, vessels
and other structures are very important [33].

EUS accuracy in determining infiltration
degree of the wall ranges from 67% to 92%. A
recent systematic review with meta-analysis has
shown that the ability to accurately study gastric
wall with EUS in cancer has a high accuracy
compared to TAC or MRI in particular in the T1
and T4 stage, discriminating patients to be endo-
scopically resected and those in which surgery
has little chance of treatment [17, 26].

Criterions to distinguish malignancy on EUS
include hypoechogenicity, round shape, smooth,
distinct margin, and size >1 cm [27].

EUS allows to perform a fine needle aspira-
tion (FNA) or targeted needle biopsy on the sus-
picious lymph nodes.

Moreover, it has been demonstrated that EUS
is useful in selecting patients who should undergo
diagnostic laparoscopy; in fact, patients with
EUS T1-T2, NO staging have a 4% risk of perito-
neal metastasis compared to the 25% risk in
patients staged as T3-T4, N +, indicating how
laparoscopy could be spared for subjects with
EUS staging up to T2, NO (negative predictive
value of M1: 96%) [7, 22, 25]. Finally EUS is
helpful in the diagnosis of linitis plastica.

Early Gastric Cancer

The Endoscopic Diagnosis
of Early Gastric Cancer

The endoscopic diagnosis of early gastric cancer
(EGC) requires good endoscopic techniques and
thorough knowledge. The accuracy of endoscopy
in the detection and diagnosis of EGC is reported
to range between 90% and 96% [12].
Chromoendoscopy and magnifying endoscopy
are promising image-enhanced endoscopic tech-
niques for characterization. Early gastric cancer
is defined as confined to the mucosa or
submucosa, regardless of lymph node metastasis.
To have an accurate diagnosis of early gastric
cancer, it’s very important to have a good knowl-
edge of the characteristic of early-stage disease.
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EGC can be divided into three types: elevated,
superficial and excavated. The superficial type is
further subdivided into superficial elevated,
superficial flat and superficial depressed [32].

It is difficult to find superficial flat lesions in
the conventional white light endoscopy (WLE),
which often cause misdiagnosis and missed diag-
nosis. The most common lesions of EGC were
usually manifested by erythema and erosion [34].
During white light endoscopy, it’s important to
pay attention to changes in color of mucosa (pale
redness or fading of color), loss of visibility of
underlying submucosal vessels, thinning of and
interruptions in mucosal folds and spontaneous
bleeding [32].

Most elevated EGCs are of the differentiated
type, and some gastric superficial elevated type
EGCs and adenomas appear whitish. Among the
flat or depressed type EGCs, differentiated-type
cancers look reddish, whereas undifferentiated
types appear whitish because of a difference in
hemoglobin content [11].

Chromoendoscopy

Several reports describe the magnification find-
ings of early gastric cancer. The characteristic
patterns of EGC are as follows: (i) a small regular
pattern of sulci and ridges, (ii) an irregular pat-
tern of sulci and ridges and (iii) a lack of visible
structure. The presence of irregular minute ves-
sels and the variation in the caliber of vessels are
specific vascular patterns in EGC [4].

When mucosal changes are observed, chro-
moendoscopy can effectively aid to diagnosis.
After spraying dye in lesion and over the mucosa
surrounding the lesion, early gastric cancer is
diagnosed through the comparison between the
two parts. The detection of an irregular shape and
distribution of microvessels make the difference
between early cancer and focal gastritis. Irregular
microvessels are tumorous vessels. The demarca-
tion line between cancer and normal mucosa
allowed the evaluation of the margin of the carci-
noma before endoscopic resection [4].

It’s important to wash the lesion accurately
prior to spraying because the dye can make the

lesion boundaries unclear when mucous is adher-
ent to stomach wall. However, it’s difficult to
diagnose correctly gastric cancer smaller than
5 mm or superficial flat (IIb) gastric cancer using
white light imaging or chromoendoscopy.

Narrow-band Image-Enhanced
Endoscopy (NBI)

It enhances the superficial surface structure and
vascular architecture of the mucous layer by illu-
minating blue and green narrowband lights. NBI
is a promising technique for characterizing small
or flat early gastric cancers. Microvascular and
microsurface patterns on the gastric mucosa can
be observed with NBI. Moreover it further reveals
intestinal metaplasia by its whitish color.
Intestinal metaplasia exists as a flat mucosa with
subtle discoloration. Magnifying NBI images, a
fine blue-white line of light is observed on the
crests of the epithelial surface/gyri (light blue
crest) of intestinal metaplasia. The “light blue
crest” is thought to be caused by the reflection of
short wavelength light at the brush border on the
surface of the intestinal metaplasia [11].

Ultrasound Endoscopy

EUS can be used to make a more objective diag-
nosis. Through this diagnostic method, endosco-
pist can determine whether the patient can
undergo endoscopic therapy and small diameter
lesion is often targeted.

Therapeutic Endoscopy

Therapeutic endoscopy plays a major role in the
management of gastric neoplasia. It is a local
treatment of primary lesions, and it is totally inef-
fective if any metastatic lesions are present. It’s
indicated in cases of early gastric cancer if there
are no lymph node metastasis [29]. Its indications
can be broadly divided into four categories: to
remove or obliterate the neoplastic lesion, to pal-
liative recanalization of luminal obstruction, to
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treat bleeding and others [9, 10]. Two techniques
are used to treat endoscopically early gastric can-
cer: endoscopic mucosal resection (EMR) and
endoscopic submucosal dissection (ESD).

Endoscopic Mucosal Resection

Mucosectomy or endoscopic mucosal resection
(EMR) is a minimally invasive technique safe,
convenient and efficacious for T1 mucosal can-
cers [10, 21]. EMR is used in alternative to sur-
gery in well-differentiated elevated lesions,
intestinal type adenocarcinomas with no ulcer,
confined to the mucosa, smaller than 20 mm in
size with no lymphatic or vessel involvement [9,
10, 21]. Endoscopic resection is comparable in
many aspects to conventional surgery, with the
advantages of being less invasive, more eco-
nomical [10] and to permit a complete patho-
logical staging of the cancer. The risk of lymph
node metastasis can be predicted, after endo-
scopic resection, thanks to the pathological
assessment of cancer invasion depth, of cancer
differentiation degree and of lymphovascular
invasion extent [10]. After the submucosal
injection of the lesion, a specialized crescent-
shaped snare is deployed in the groove at the tip
of the cap. The snare is closed and resection is
performed by electrocauterization and then the
lesion is drawn into the cap connected to the tip
of a standard endoscope. Caps are available in
different sizes according to the diameter of the
endoscope and the size of the lesion [9, 10, 30].
Another EMR technique is the ligation EMR
that uses ligation devices to capture the lesion
and transform it into a polypoid lesion deploy-
ing the band underneath it [9].

Endoscopic Submucosal
Dissection (ESD)

A subsequent technique developed in therapeutic
endoscopy, called endoscopic submucosal dis-
section (ESD), allows the direct dissection of the
submucosa and the resection en bloc of large
lesions [9]. ESD is performed with special endo-

scopic knives and permit the en bloc resection
with a standard single-channel gastroscope [9].
The lesions that should be considered for endo-
scopic resection which are at very low risk of
lymph node metastasis are the following: nonin-
vasive neoplasia (dysplasia) independently of
size; intramucosal differentiated-type adenocar-
cinoma, without ulceration (size <2 cm absolute
indication, >2 cm expanded indication); intramu-
cosal differentiated-type adenocarcinoma, with
ulcer, size <3 cm (expanded indication); intramu-
cosal undifferentiated-type adenocarcinoma, size
<2 cm (expanded indication); and differentiated-
type adenocarcinoma with superficial submuco-
sal invasion (sml < 500 pm) and size <3 cm
(expanded indication) [24]. The three are the
steps involved in ESD technique: fluid injection
into the submucosal layer to separate it from the
muscle layer, circumferential cutting of the
mucosa surrounding the lesion and finally sub-
mucosal dissection of the connective tissue of the
submucosa under the lesion [9].

Surveillance

Approximately 40-60% of patients treated surgi-
cally develop a relapse, and in 80% it will happen
within the first 2 years. Regional site relapses
occur in 20-30% of cases, while the liver and
peritoneum are the long distant organs that fre-
quently show recurrence.

The risk of relapse at 5 years is lowered to
47% in patients who survived a year from the dis-
ease and 10% in patients who survived 5 years.

A regular follow-up may allow investigation
and treatment of symptoms, psychological sup-
port, and early detection of recurrence, though
there is no evidence that it improves survival out-
come. Follow-up should be tailored to the
individual patient and the stage of disease [27].
To date, there are no randomized controlled trials
in gastric carcinoma that may indicate appropri-
ate follow-up of patients after surgical resection
or after treatment (Level of Evidence 3) [1]. The
main purposes of a follow-up strategy are the
early detection of anastomotic recurrences that
can be treated surgically, the assessment of
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abnormalities concerning nutritional status (ane-
mia, dumping syndrome), or identification of
clinical signs related to recurrence. Given the
lack of a significant impact on patients’ survival
using a regular follow-up of imaging, the interna-
tional guidelines propose a clinical follow-up
consisting only of the hematochemical parame-
ters, leaving the instrumental investigations in
relation to the symptomatology reported by the
patient. In case of clinical suspicion of recur-
rence, CT appears to have higher sensitivity than
ultrasound examinations (Level of Evidence 3).
The following scheme may be suggested:

e Every 3-4 months for the first 2 years
(0-2 years): clinical examination including
weight, blood tests (hemoglobin levels, sider-
emia, renal, and hepatic function), and instru-
mental to be performed on clinical need at the
doctor’s discretion.

e Every 6 months in the following 3 years
(3-5 years): clinical examination including
weight, blood tests (hemoglobin levels, sider-
emia, renal and hepatic function), and instru-
mental test to be performed on clinical need at
the doctor’s discretion.

* EGDS appears useful in particular in the case
of subtotal gastrectomy for the search for local
recurrences or cancer on the stump; it could be
repeated every 2-3 years in the first 5 years
and then every 3-5 years.

Although there are no published data, it is
considered acceptable that after 5 years of spe-
cialist follow-up, surveillance may be continued
annually, possibly by the general practitioner [15,
19, 27] (AIOM guidelines, 2015).
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Precancerous/Early Cancerous
Lesions

Intra-epithelial Neoplasia/Dysplasia

The multistep process of gastric carcinogenesis
has been postulated by Correa [1] as a sequence
of events, referred to as Correa cascade, where
dysplasia or intra-epithelial neoplasia represents
the penultimate stage of sequence [2] (Fig. 4.1).
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In tumour pathology, dysplasia is a term that, lit-
erally, means abnormal growth. During the years,
disagreements between American, European and
Japanese pathologists lead to develop several
classifications to standardize the definition of
gastric dysplasia and neoplasia [3-5].
Nevertheless, despite the terminological differ-
ences between Western and Japanese pathologists,
interpretative problems, including the distinction
from inflammatory-related reactive or regenerative
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Fig. 4.1 The Correa
cascade of gastric
carcinogenesis
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changes and the distinction between intra-epithe-
lial and invasive carcinoma, limit the formulation
of a correct diagnosis in grading gastric dysplasia/
intra-epithelial neoplasia that is critical because it
predicts the risk of both malignant transformation
and metachronous gastric cancer [2].

On the basis of a consensus nomenclature, the
so-called Vienna nomenclature, proposed in 1999
[5] and subsequently updated in 2003 [6] for the
improvement in endoscopic techniques and their
management implications, recently the World
Health Organization (WHO) reiterated the clas-
sification of “dysplasia” and “intra-epithelial
neoplasia” (IEN), using these terms as synony-
mous. The three following categories should,
thus, be considered:

1. Negative for intra-epithelial neoplasia/dysplasia
This category includes benign mucosal pro-
cesses that are inflammatory, metaplastic or
reactive in nature.

1
1

Atrophic
gastritis

Intestinal
metaplasia

|| G Mutation: TP53, APC
)
Dysplasia
\ J
] Mutation: TP53, KRAS
v LOH: TP53, APC, DCC
Carcinoma

2. Indefinite for
dysplasia
Although this term does not represent a final
diagnosis, it is commonly used to indicate an
ambiguous morphological pattern, especially
in doubtful cases on the nature of a lesion, if
neoplastic or not, particularly in small biopsies
exhibiting inflammation. Taking into account
the interpretative problems, it is not uncommon
that regenerative changes could be misleading
for intra-epithelial neoplasia/dysplasia, particu-
larly in reactive gastritis and at the edge of a
benign ulcer or in the postoperative stomach.
Therefore, in those cases where inflammation
raises the suspicion of an atypical regenerative
process, the diagnosis may be clarified by cut-
ting at deeper levels the tissue block, obtaining
additional biopsies or after removing possible
sources of cellular proliferative alterations.

Epithelial proliferation may have the char-
acteristics of indefinite dysplasia, when shows

intra-epithelial neoplasia/
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irregular and tubular structures with mucus
depletion, high nuclear-cytoplasmic ratio and
loss of cellular polarity. Mitotic activity may
be brisk mainly near the proliferative zone in
the mucous neck region. The glands are usu-
ally closely packed and lined by cells with
large, hyperchromatic nuclei. An increasing
gradient of alterations is appreciated from the
base of the glands to their superficial portion.

3. Intra-epithelial neoplasia/dysplasia
This category belongs to epithelial atypical/
neoplastic proliferations characterized by
variable cellular and architectural atypia but
lacking clear evidence of invasive growth.
They can have flat, polypoid or slightly
depressed growth patterns.

Histologically, they can be distinguished into:

e Low-grade intra-epithelial neoplasia/
dysplasia
These lesions are characterized by a modified
mucosal architecture, with distorted tubular
structures, papillary formation, crypt lengthen-
ing with serration and cystic changes. Glands
show various degree of mucin depletion.
Nuclei are usually pseudostratified in the pro-
liferation zone at the superficial portion of the
dysplastic tubules.

* High-grade intra-epithelial
dysplasia
Important increasing of architectural distor-
tion and prominent cellular aty