W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/esps/
wjg@wijgnet.com
doi:10.3748 / wijg.v18.i37.5164

World | Gastroenterol 2012 October 7; 18(37): 5164-5170
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2012 Baishideng. All rights reserved.

GUIDELINES FOR CLINICAL PRACTICE

Gastric carcinogenesis

Ismail Gomceli, Baris Demiriz, Mesut Tez

Ismail Gomceli, Department of Gastroenterologic Surgery, An-
talya Education and Research Hospital, 07070 Antalya, Turkey
Baris Demiriz, Mesut Tez, Department of General Surgery,
Ankara Numune Education and Research Hospital, 06100 An-
kara, Turkey

Author contributions: Gomceli I, Demiriz B and Tez M re-
viewed the literature and wrote the paper.

Correspondence to: Mesut Tez, MD, Department of General
Surgery, Ankara Numune Education and Research Hospital, 5.
cadde 10/3 Bahcelievler, 06100 Ankara,

Turkey. mtez@hacettepe.edu.tr

Telephone: +90-532-4160669 Fax: +90-312-3061443
Received: February 7,2012  Revised: April 30, 2012
Accepted: May 5, 2012

Published online: October 7, 2012

Abstract

Gastric cancer is the second most common cancer
worldwide and the second most common cause of
cancer-related deaths. Despite complete resection of
gastric cancer and lymph node dissection, as well as
improvements in chemotherapy and radiotherapy, there
are still 700 000 gastric cancer-related deaths per year
worldwide and more than 80% of patients with ad-
vanced gastric cancer die of the disease or recurrent
disease within 1 year after diagnosis. None of the treat-
ment modalities we have been applying today can influ-
ence the overall survival rates: at present, the overall
5-year relative survival rate for gastric cancer is about
28%. Cellular metaplasia due to chronic inflammation,
injury and repair are the most documented processes
for neoplasia. It appears that chronic inflammation
stimulates tumor development and plays a critical role
in initiating, sustaining and advancing tumor growth. It
is also evident that not all inflammation is tumorigenic.
Additional mutations can be acquired, and this leads to
the cancer cell gaining a further growth advantage and
acquiring a more malignant phenotype. Intestinalization
of gastric units, which is called “intestinal metaplasia”;
phenotypic antralization of fundic units, which is called
“spasmolytic polypeptide-expressing metaplasia”; and
the development directly from the stem/progenitor cell
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zone are three pathways that have been described for
gastric carcinogenesis. Also, an important factor for the
development of gastrointestinal cancers is peritumoral
stroma. However, the initiating cellular event in gastric
metaplasia is still controversial. Understanding gastric
carcinogenesis and its precursor lesions has been under
intense investigation, and our paper attempts to high-
light recent progress in this field of cancer research.
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GASTRIC CARCINOMA

Cancer is a major public health problem and at the begin-
ning of the 19th century, gastric cancer was the second
most common cancer wotldwide!". Every year there are
900 000 new cases and 700 000 gastric cancer-related
deaths in the world”. Although chemotherapy improves
life expectancy, and despite seemingly complete resection
of gastric cancer (RO) via gastrectomy, more than 80% of
patients with advanced gastric cancer die of the disease
or recurrent disease within 1 year after diagnosis. This
situation suggests that standard treatment protocols are
ineffective in a considerable number of cases". Thus, the
understanding of the mechanism underlying the progres-
sion of gastric carcinoma is essential for the management
of this disease.
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RISK FACTORS

A number of risk factors are known for gastric can-
cer (Table 1), but study results regarding some factors,
especially salt intake, vitamin C, alcohol, occupational
exposure to nitrosamines and inorganic dusts, have been

. . 49
inconsistent"”.

HISTOLOGY AND PATHOLOGY

The majority of gastric cancer patients have adenocarci-
noma (90%); the remaining 10% have lymphoma or gas-
trointestinal stromal tumor. There are two general types
of gastric adenocarcinoma: the intestinal type (50%) and
the diffuse type (33%) according to the Lauren classifica-
tion system"’. The remaining 17% are mixed or unclas-
sified typem]. The intestinal type is more common and is
more often located in the distal part of the stomach. In
contrast, the diffuse type has a poorer prognosis; genet-
ally occurs in younger patients; and can occur anywhere
in the stomach, but especially in the cardia. The intestinal
type is frequently accompanied by liver metastasis, where-
as because the diffuse type has an increased propensity
for intra- and trans-mural spread, it has been associated
with peritoneal dissemination and poorer prognosis''.
The diffuse type of gastric cancer shows more poorly
differentiated cells than the intestinal typem. Intestinal-
type adenocarcinoma is preceded by metaplastic changes,
whereas diffuse-type adenocarcinoma is thought to arise
in normal gastric mucosa.

Gastric adenocarcinoma can also be divided into two
groups, known as "differentiated" and "undifferentiated",
using the Nakamura classification system'”. Intestinal-
type adenocarcinoma is considered to be essentially
equivalent to differentiated adenocarcinoma, as is diffuse-
type equivalent to the undifferentiated adenocarcinoma.
However, some cases of intestinal-type adenocarcinoma
also arise from the gastric mucosa without intestinal
metaplasia (IM). So based on the type of IM, some au-
thors suggest that gastric cancer phenotypes can be clas-
sified into four groups depending on the marker combi-
nations as: complete intestinal type, incomplete intestinal
type, gastric type and unclassified type. Gastric-type dif-
ferentiated adenocarcinomas can be distinguished from
other types of differentiated adenocarcinomas on the ba-
sis of their increased malignant potential in the incipient
phase of invasion and metastasis'

The mucous epithelium of the stomach represents a
major barrier to the various noxious agents by means of
intercellular tight junctions. This epithelium and its com-
ponents are also vital for complex communications and
physiological functions'”. Histologically, the human gas-
tric mucosa is divided into three regions: cardia, fundus-
corpus and antrum-pylorus. Also, a transitional zone sep-
arates the stereotypic corpus and antral/pyloric epithelia
and has features of each. The epithelium of these regions
is composed of millions of glands that are surrounded by
supporting stromal cells which are derived from mesen-
chyme. In the corpus, glands are long and composed of
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several epithelial cell types, including surface mucous fo-
veolar cells (pit cells), acid-making oxyntic (parietal) cells,
mucous neck cells (intermediate progenitor for chief
cells), zymogenic (chief) cells, and hormone-secreting en-
docrine cells. In the antrum, the shorter glands are com-
posed mainly of mucus-secreting cells and endocrine cells
that secrete hormones such as gastrin and somatostatin.
The stomach mesenchymal compartment surrounding
the glands is less studied and little understood”.

The human stomach mucosal tubular glands are fur-
ther subdivided into foveolus, isthmus, neck and base
regions. The gastric glands open into the bottom of
the pits, on an average with 4 to 5 glands per pit. Fun-
dic glands are quite straight, whereas antral glands are
branched and coiled in their basal ends. Fundic and an-
tral units (combination of a pit and a gland) differ very
much in their cell characteristics and turnover rates (the
human antral mucosa is known to have a much higher
turnover rate). The gastric glands which contain ‘surface
mucous’ cells and "mucous neck" cells (in the foveola),
pepsinogen-secreting zymogenic (chief) cells (at the base
of the glands), acid-secreting oxyntic (parietal) cells (at
the base of the glands), and endocrine cells including the
histamine-producing enterochromaffin-like (ECL) cells
are located in the fundus; the zymogenic (chief) cells,
oxyntic (parietal) cells and ECL cells are also found in
the corpus of the stomach. The antral unit contains sur-
face mucous foveolar cells, antral gland cells, endocrine
cells (mainly gastrin-producing G-cells, but also EC and
somatostatin-producing D cells), and occasional oxyntic
cells. In the pylorus, the gastric glands contain many
more mucinous cells, no zymogenic cells and few oxyn-
tic cells (Figure 1)“9’23].

In addition, it should be noted that the subepithelial
mesenchymal cells and their secreted basement mem-
brane factors compose the lamina propria. This consti-
tutes a structural support while regulating epithelial cell
function and epithelial cell networks” ",

MOLECULAR TARGETS AND SIGNALING
PATHWAYS

Some of the earliest observations in cancer biology as
well as recent advances in molecular analyses contribute
to our knowledge about the multistep process of gastric
carcinogenesis[%’zs‘.

The gastrointestinal tract has rapid epithelial turnover
and exposure to injury by infections and dietary toxins.
These conditions create very high cancer prevalence.
Intestinalization of gastric units, which is called "IM";
phenotypic antralization of fundic units, which is called
"spasmolytic polypeptide-expressing metaplasia (SPEM)";
and the development directly from the stem/progenitor
cell zone, are three pathways that have been described for
gastric carcinogenesismm.

Neoplasia can follow cellular metaplasia due to chro-
nic inflammation, injury and repairml. This is the most

documented process for gastric cancer™ ™. An accept-
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Table 1 Risk factors for gastric cancer

Genetic factors

Environmental factors

Other factors

Sex

Familial adenomatous polyposis

Hereditary nonpolyposis colorectal cancer (Lynch II')
Genetic diffuse gastric cancer (E-cadherin - CDH1
mutation)

Genetic polymorphisms for pro- and anti-
inflammatory cytokines

Polymorphisms for cell receptors of innate immune
response

Peutz-Jeghers syndrome

Helicobacter pylori
Epstein-Barr virus
Nitrites

Excess alcohol ingestion

High intake of salted, pickled, or smoked foods
Low intake of fiber, fruits and vegetables
Antioxidant consumption (especially ascorbic

acid, carotenoids, folates and tocopherols)
Tobacco smoking (adenocarcinoma of cardia)

Gastric adenomas
Barrett’s esophagus
Hamartomas

Ménétrier’s disease
Chronic atrophic gastritis
Gastric metaplasia

Pernicious anemia

Benign gastric ulcers

Fundic gland polyps

Hyperplastic polyps

Gastric biopsy revealing high-grade dysplasia
History of subtotal gastrectomy (> 20 yr)

Fundus

Cardia

Corpus

Transitional zone

Pit
Surface mucous/pit cell
Stem cell
#——— Parietal/oxyntic cell
Base

Endocrine cell

ntral gland cells

Antral unit

Figure 1 Schematic explanation of fundic and antral units.

able concept is that there are two corner-stones with
regard to this process. Firstly, the initial observation of
Rudolf Virchow in 1863 about leucocytes in neoplastic
tissues and the connection between inflammation and
cancer™; secondly, about 15 years ago, researchers’ evi-
dence about the relationship between stomach cancer
and infection by Helicobacter pylori (H. pylori) (isolated by
Drs. Marshall and Warren in 198477, Also, we must note
that Epstein-Barr virus has been detected in stomach tis-
sues in approximately 10% of gastric carcinoma cases"™.
Beginning with some of the earliest observations
in cancer biology, it appears that chronic inflammation
stimulates tumor development and plays a critical role in
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initiating, sustaining and advancing tumor growth™ ",

Direct effect of the viral pathogens on neoplastic trans-
formation of epithelial cells has been shown; however, it
is also evident that not all inflammation is turnorigenicm].
It can be suggested that either the tumor alters the im-
mune response by reactive oxygen species and cytokines
or chronic inflammation plays a primary role in trans-
forming tissue cells (especially mentioned in “stem cell
theory”) into tumor cells. In the acute phase of inflam-
mation, the release of endogenous reactive oxygen and
nitrogen species (Oz, H20O2, NO, OH, ONOO’, HOCI)
from such innate immune cells as macrophages and leu-
kocytes plays an important role in the elimination of
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pathogensml. However, when present chronically, this can
induce DNA damage in proliferating cells. In addition, it
is also possible for other bacteria to colonize the stomach
and additionally trigger carcinogenesis by gastric atrophy
(result of chronic inflammation) which represents a loss
of gastric glands and associated lower acidity of gastric
juice[43’44]. Hypoacidity associated with H. pylori infection
induces gastric mucosal atrophy to advance multistage
carcinogenesis in the stomach. Interleukin (IL)-1f, IL-6,
IL-8, tumor necrosis factor-o, (TNF-o) and interferon-y
(IFN-y) are elevated in gastric mucosa with H. pylori in-
fection. Gastrin is upregulated and acid secretion from
parietal cells is inhibited mainly due to pro-inflammatory
cytokines IL-1 and TNF-o**. TNF-¢ and IL-1pB are
essential in the initiation of chronic inflammation. Recent
works have shown that IL-1[3 overexpression, in the ab-
sence of Helicobacter infection, is sufficient to cause gastric
cancer and it is one of the essential proinflammatory
cytokines modulated during H. pylori infection that directs
the mucosa toward atrophy, metaplasia, and neoplastic
transformation'” . Another important point that should
be added is that H. pylori has been consistently associ-
ated with higher risk of gastric noncardia cancer. The
inverse association of H. pylori with gastric cardia cancer
or esophageal adenocarcinoma has been shown in several
studies, especially in Western populationsm. Furthermore,
mast cells in particular play an important role in attracting
inflammatory cells by releasing inflammatory mediators.
Monocytes differentiate into macrophages, and become
activated in response to local chemokine and cytokine in-
teractions’ . Also, the correlation between tumor-associ-
ated macrophage abundance and poor prognosis has been
shown™. Furthermore, macrophage-deficient mice dis-
play reduced progression of tumors to a more malignant
phenotype™. Recently, direct evidence has also linked
IL-6 to inflammation-mediated tumor initiation and pro-
liferation in colon cancer™. I1.-6 can inhibit dendritic cell
maturation and, together with the NF-kB-activating cyto-
kines IL.-1 and TNF, can promote tumor progression. Cy-
tokines also affect cell death and cell cycle pathways[ss’%].
TNF-q is produced mainly by macrophages. It is also
produced by tumor cells. TNF-q, is associated with tissue
destruction and plays a role in destroying tumor blood
supply. However, if it is produced chronically, it can act
as a tumor promoter by contributing to tissue remodel-
ing and stromal development[57’58l. Nuclear factor (NF)-
kB and STAT3 pathways have emerged as key regulators
of the release of these pro-inflammatory cytokines, and
important mediators of both tumor proliferation and per-
sistence of chronic inflammation. The activation of these
pathways results in further cytokine release® ",
Activation of the innate immune system is followed
by the adaptive immune response. Thl response and its
accompanying mediators (IFN-y) are not only necessary
for Helicobacter-induced inflammation but also for the de-
velopment of atrophy or metaplasia and SPEM; however
a Th2 response and its mediators (i.e., I1.-4) appear to be
protective. The presence of a Thl, rather than a Th2, im-
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mune response is also associated with better survival in
gastric cancer patients[%l.

Although the subsequent pathways are different,
chronic inflammation is the first step in both the intes-
tinal and the diffuse type of gastric cancer. While the
intestinal type has a sequence of multifocal atrophic gas-
tritis, IM and dysplasia, which advances to carcinoma, the
diffuse type tends to be primarily genetic in origin[()l’(’z].
The progress from IM to gastric cancer has a wide range
of molecular alterations affecting transcription factors,
such as CDX1 and CDX2, telomerases, microsatellite
instability, mutations of p53 protein, overexpression of
COX-2, cyclin D2, and decreased expression of p27[63].
The next step is gastric dysplasia. During the progres-
sion of normal tissue through the metaplasia-dysplasia
sequence, there are mutations in genes including p53, also
loss of heterozygosity of the adenomatous polyposis coli
gene, overexpression of the antiapoptotic gene b2 and
a mixture of polyploidy and aneuploidy®.

Inflammation also plays an important role in the abili-
ty of tumor cells to invade and metastasize. The ability of
epithelial tumor cells which metastasize to express spe-
cific chemokine receptors has been shown®. Paracrine
secretion of pro-inflammatory cytokines (i.e., IL-1f3,
IL-6, TNF-o) and certain autocrine cytokine production
support this process[()s]. During the later stages, additional
mutations can be acquired, and this leads to the cancer
cell gaining a further growth advantage and acquiring a

more malignant phenotypem’m.

THERAPEUTICS AND OUTCOME

In recent studies investigators have found out that K-ras
activation resulted in an inflammatory response and en-
hanced the expression of COX-2 in the glandular stom-
ach. COX2 is upregulated in the gastric epithelium and in
the infiltrating inflammatory cells in the stomach during
gastritis[()&m]. Furthermore, it has been shown that sulin-
dac, a nonsteroidal anti-inflammatory drug, suppresses
the progression of gastric cancer in mice" I Hence, a
K-ras activation-induced inflammatory response may fa-
cilitate the formation of IM and promote the progression
of gastric cancer.

SPEM is associated more commonly with gastric
cancer than IM"*". It can be defined as a corpus lesion.
Nevertheless, IM and SPEM often occur together[74’75].
Increase in mucus and loss of mature parietal and chief
cells in humans correlates with SPEM (Figure 2),
SPEM is characterized by expression of TFF2 (spasmo-
lytic polypeptide) which is normally a product of mucous
neck cells and antral gland cells". SPEM also arises from
a second proliferative zone at the bases of metaplastic
fundic units, either by transdifferentiation of chief cells
or activation of an unknown basal crypt progenitor”®”",
However, it is not clear whether these cells are related to
the gastric progenitor cells”™.

It must be noted that an important factor for the de-
velopment of gastrointestinal cancers is peritumoral stro-
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Surface
mucous/pit cells

Surface

mucous/pit cells

-
Mucous neck Mucous neck
cells cells
Parietal/oxyntic Parietal/oxyntic L] Goblet cells
cells "
Antral gland cells
Zymogenic/chief cells Zymogenic/chief
cells cells

SPEM
(antralization TFF2 expression)

Intestinal metaplasia
(intestinalization)

Figure 2 Schematic explanation of spasmolytic polypeptide-expressing metaplasia and intestinal metaplasia. SPEM: Spasmolytic polypeptide-expressing

metaplasia; TFF-2: Trefoil family factor 2.

ma. Activated fibroblasts within the stroma can help to
create an environment containing vessels and infiltrating
inflammatory cells and it is the interaction between these
different cell types which is permissive of tumor growth,
angiogenesis, and invasion” "'\

The question that must be answered is: what is the
initiating cellular event in gastric metaplasia? The inter-
pretation that the metaplasia is an intermediate step in
the development of gastric cancer may be facile, because
different types of IM have different degrees of associa-
tion with malighancy, and eatly stage gastric cancers can
arise in nonintestinalized epitheliumlsz’&”. Investigators
have reported that solid cancers might originate from dif-
ferentiated cells and they have reported the possible exis-
tence of cancer stem cells (CSCs) or tumor initiating cells
in solid malignant tumors®™. However, based on the
assessment of the differentiation status of tumor cells,
they appear to deviate little from their normal progeni-
tors and to show similar differentiation programs. Studies
on tissues undergoing continuous cell renewal suggest
that cancer cells may originate from a stem cell compart-
ment"”". The origin of human gastric CSCs has yet to be
elucidated, but data obtained from a mouse model of
Helicobacter-induced gastric cancer have implicated bone
marrow-derived cells as a potential candidate. Further
studies focusing on the identification and characterization
of CSCs in gastric cancer may lead to novel diagnostic
and therapeutic tools, dramatically improving the progno-
sis of gastric cancer patients.
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