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The role of Helicobacter pylori virulence factors in
developing stomach cancer; a review

ABSTRACT

Gastric cancer is one of the leading causes of cancer death worldwide. About 80%
of mote gastric cancers ate stirting by infection with Helicobacter pylori bacterium.
Prevalence of H. pylri infection in developing countties remains relatively
constant; it is rapidly declining in the industrialized world and considerably higher
in western countries. The genetic heterogeneity is possibly an adaptation of H.
Pylori to the gastric conditions of its host. Genetic heterogeneity is thought to
occur viz several methods of DNA rearrangement and the introduction and
deletion of foreign sequences. Diversity is also seen at the nucleotide level via
several mechanisms, including transcriptional and translational phase vaniation and
mutation. The 2 genetic loci principally linked with virulence that has been most
studied are the cag locus (wag pathogenicity island) and the zacA (vacuolating
cytotoxin) gene. The portion of zacA that exhibits maximum diversity in an 800-bp
“mid region”, can be phylogenetically divided into two families of alleles, termed
m1 and m2. In particular, the “signal region”, discloses strking diversity between
strains and have two main allelic families, termed s1 and s2, and the s1 type can be
further subdivided into sla, s1b, and slc. As a result of extensive recombination
among zzeA alleles, all combinations of signal and mid regions can theoretically
arise (sla / m1, s1b / ml, slc / ml, sla /m2, etc). Additionally many adhesions
and outer membrane proteins have their putative role in the pathogenesis of H.
pylori infection. They are BabA (HopS), OipA (HopH), SabA (HopP), zc2.A, hp0638
gene, AlpA, AlpB, HP-NAP, plasticity region, DupA and lipopolysaccaride.
Infection with H. pylori strains containing babA2, capA, and vacA S1 confers the

highest risk of gastric cancer.
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Chapter One: Introduction

1.1 General Information

Cancer is the second leading cause to death (17). Cancer occurs when cells in a
patt of the body begin to grow out of control. There are many kinds of cancer and
they all come about because of out-of-control growth of abnormal cells. A number
of agents in the environment can damage DNA, increasing the mutation rate.
Agents that increase the probability of cancerous transformation in a cell are
known as carcinogens; examples of carcinogens are tobacco smoke, radiation,
certain microbes, and synthetic chemicals in our food, water and air. Some of these
carcinogens act directly on DNA while others are converted in the body into
compounds that damage DNA. It is estimated that approximately 90% of all
cancers are induced by environmental factors (17). Different types of cancer
behave very differently. The diseases grow at different rates and respond to
different treatments. Stomach cancer, also called gastric cancer starts in the
stomach. Most stomach cancers start in the mucosa. The cancer can grow deeper
and infect the other layers. Stomach cancers grow slowly over many years. As the
cancer develops, there are usually changes that occur in the lining of the stomach.
These early changes usually do not produce symptoms and are often are
unnoticed. Stomach cancer can spread to different parts of the body. It can grow
through the wall of the stomach and into neatby organs or it can also spread to the
lymph nodes and then through the lymph system. When stomach cancer is more
advanced, it will travel through the blood stream and form deposits of cancer cells
in organs such as the liver, lungs, and bones. But even though it has spread to
other organs, it is still called stomach cancer. Gastric cancer commonly refers to
adenocarcinomas of the stomach. Adenocarcinoma is by far the most common
gastric malignancy, accounting for about 95% of all cases (164). Other
malignancies that may occur in the stomach include lymphomas and smooth

muscle sarcomas. Although the causes of stomach cancer are not clear, researchers



have made progress in pinpointing factors that damage DNA m stomach cells.

These factors include:

Helicobacter pylori infection: A majotity of the wotld's population is infected
with bacteria called Helicobacter pylori (H. pyleri) that live deep in the mucous layer
that coats the lining of the stomach (164). Although it's not entirely clear how the
bacteria are transmitted, it's likely they spread from person to person through the
oral-fecal route or are ingested in contaminated drinking water. H. pylri infection
frequently occurs in childhood and can last throughout life if not treated. It's the
primary cause of stomach ulcers. Long-term infection of H. pybri causes

inflammation that can lead to precancerous changes in the stomach lining.

Nitrates and nitrites: These are nitrogen-based chemicals that are added to
certain foods, especially cured meats such as ham and bacon, hot dogs and deli
meats. Both nitrates and nitrites combine with other nitrogen-containing
substances in stomach to form N-nitroso compounds - carcinogens that are

known to cause stomach cancetr.

Salted, smoked or pickled foods and red meat: Before the advent of
refrigeration, people commonly preserved food by salting, smoking or pickling.
But these foods often contain large amounts of nitrites and nitrates, which can be
converted in stomach into cancer-causing compounds. Countries where
consumption of salted meat and fish and pickled vegetables is high — Japan and
Korea are notable examples - tend to have correspondingly high rates of stomach
cancet. BEating a diet high in red meat, especially when the meat is barbecued ot
well-done, also has been linked to stomach cancet.

Tobacco and alcohol use: Tobacco use can irritate the stomach lining. Alcohol

has been associated with an increased risk of stomach cancer (164).



The association between H. pylri and gastric cancer has attracted great interest
wotldwide because the International Agency for Research on Cancer (IARC), a
subordinate organization of the World Health Otganization (WHO), identified H.
Dylori as a "group 1 (definite carcinogen)” in 1994. The IARC concluded that H.
pylori was certainly linked to carcinogenesis on the basis of the results of
epidemiologic studies (13, 124).

The association between H. pylori and gastric cancer may be explained by two
possible mechanisms: one is based on a carcinogenesis-promoting effect of H.
pylori itself and the other is based on the establishment of a carcinogenic
environment due to long-term infection with H. pylri In the second case,
although H. pyleri may have no carcinogenesis-promoting effect itself, infection
causes inflammation of the gastric mucosa and chronic infection causes mucosal
atrophy, resulting in intestinal metaplasia. These latter changes are considered

precursors of gastric cancer (124).
1.2 Objectives

®* To acquire knowledge about pathogenesis of H. pybri infection, with
emphasis on its molecular biological aspects.

= To investigate recent diagnosis and treatment procedure of stomach cancer.
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Chapter Two: Anatomy and Physiology of Stomach

2.1 Anatomy of the human stomach

The stomach is an organ in the alimentary canal used to digest food. Generally,
the stomach’s primary function is not the absorption of nutrients from digested
food; this task is usually performed by the intestine. The main job of the stomach
is to break down latge food molecules into smaller ones, so that they can be
absotbed into the blood more easily. Latin names for the stomach include
Ventriculus and Gaster; many medical terms related to the stomach start in “gastro-
“or “gastric”.

The stomach is an expanded section of the digestive tube between the esophagus
and the duodenum (the first part of the small intestine). It is on the left side of the
abdominal cavity. The top of the stomach lies against the diaphragm. Lying
beneath the stomach is the pancreas, and the greater omentum which hangs from
the greater curvature. Two smooth muscle valves, or sphincters, keep the contents of
the stomach contained. They are the esophageal sphincter (found in the cardiac
region) dividing the tract above, and the pyloric sphincter dividing the stomach
from the small intestine. The stomach is surrounded by parasympathetic
(stimulant) and orthosympathetic (inhibitor) plexuses (antetior gastric, postetior,
superior and inferior, celiac and myenteric), which regulate both the secretory
activity and the motor activity of the muscles. The stomach is divided into four

sections, each of which has different cells and functions (202). The sections are:
Cardia: Where the contents of the esophagus empty into the stomach.
Fundus: Formed by the upper curvature of the organ.

Body or Corpus: The main, central region.

Pylorus or Antrum: The lower section of the organ that facilitates emptying the

contents into the small intestine.
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Fig-1: Anatomy of Stomach

2.2 Histology of the human stomach

Like the other parts of the gastrointestinal system, the stomach walls are made of a
number of layers. Starting inside the (the lumen) going out, the first main layer is
the mucosa. 'This consists of an epithelium, the lamina propria underneath, and a
thin bit of smooth muscle called the muscularis mucosa. The submucosa lies under
this and consists of fibrous connective tissue; it separates the mucosa from the
next layer, the muscularis externa. The muscularis in the stomach differs from
other GI organs in that it has three layers of muscle instead of two. Under these
muscle layers is the advendtia, layers of connective tissue continuous with the
omenta. The epithelium of the stomach forms deep pits, called fundic or oxyntic
glands. Different types of cells are at different locations down the pits. ‘The cells ar
the hase of these pits are chief cells, responsible for production of pepsinogen, an
inactive precursor for pepsin, which degrades proteins. The secredon of
pepsinogen prevents sclf-digestion of the stomach cells. Further up the pits,

patietal cells produce gastric acid, which kills most of the bacteria in food,



stimulates hunger, and activates pepsinogen into pepsin. Near the top of the pits,
closest to the contents of the stomach, there is mucus producing cells called goblet

cells that help protect the stomach from self-digeston.

The musculas externa, as previously mentioned, is made up of three layers of
smooth muscle. The innermost layer is abliquely oriented, this is not seen in other
parts of the digesdve system, this layer is responsible for creating the motion that
churns and physically breaks down the food. The next muscle layers arc the
citcular and then the longituditinal, which are present as in other parts of the Gl
tract. The antrum has thicker muscle in its walls and performs more forceful
contractions than the fundus. ‘l'he pylorus is surrounded by a thick circular
muscular wall which is normally tonically constricted forming a functional (if not
anatomically discrete) pyloric sphincter, which controls the movement of chimes

into the duodenum (163, 165, and 224).
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Fig-2: Cross Section of Stomach



2.3 Physiology of the human stomach

2.3.1 Digestion and Absorption

Digestion is the breakdown of food into smaller patticles ot individual nutrients. It
is accomplished through six basic processes, with the help of several body fluids—
particularly digestive juices that are made up of compounds such as saliva, mucus,

enzymes, hydrochloric acid, bicarbonate, and bile.

The six processes of digestion involve:
(1) The movement of food and liquids;

(2) The lubtication of food with bodily secretions;

(3) The mechanical breakdown of carbohydrates, fats, and proteins;
(4) The reabsorption of nutrients—especially water;

(5) The production of nutrients such as vitamin K and biotin by friendly bacteria;

and

(6) The excretion of waste products. The processes needed to break down food
are essential to an understanding of how and when food really begins to function
within the body (123, 268, and 274).

Gasttic function is often classified into three phases in which secretory and motor

activities are tightly coupled.

Cephalic phase ("wake up call'): Seeing, smelling and anticipating food in
petceived in the brain and the brain informs the stomach that it should prepare for
receipt of a meal. This communication is composed of parasympathetic stimuht
transmitted through the vagus nerve to the enteric nervous system, resulting in
telease of acetylcholine in the vicinity of G cells and parietal cells. Binding of
acetylcholine to its receptor on G cells induces secretion of the hormone gastrin,

which, in concert with acetylcholine and histamine, stimulates patietal cells to



secrete small amounts of acid. Additionally, a low level of gastric motility is

induced.

Gastric phase ("full steam ahead"): When a meal enters the stomach several
additional factors come into play, foremost among them distension and mucosal
irrtation. Distension excites stretch receptors and irritation activates
chemoreceptors in the mucosa. These events are sensed by entefic neurons, which
secrete additional acetylcholine, further stimulating both G cells and patietal cells;
gastrin from the G cells feeds back to the parietal cells, stimulating it even further.
Additionally, activation of the enteric nervous system and release of gastrin cause
vigorous smooth muscle contractions. The net result is that secretory and motor
functions of the stomach are fully turned on - lots of acid and pepsinogen are
secreted, pepsinogen is converted into pepsin and vigorous grinding and mixing
contractions take place. However, there is 2 mechanism in place in the stomach to
prevent excessive acid secretion - if lumenal pH drops low enough (less than about

2); motility and secretion are temporarily suspended.

Intestinal phase ("step on the brakes"): As food is liquefied in the stomach, it
is emptied into the small intestine. Its seems to be important for the small intestine
to be able to slow down gastric emptying, probably to allow it time to neutralize
the acid and efficiently absorb incoming nutrients. Hence, this phase of gastric
function is dominated by the small intestine sending inhibitory signals to the
stomach to slow secretion and motility. Two types of signals are used: nervous and
endoctine. Distension of the small intestine, as well as chemical and osmotic
irritation of the mucosa is transduced into gastric-inhibitory impulses in the enteric
nervous system - this nervous pathway is called the enterogastric reflex. Secondly,
enteric hormones such as cholecystokinin and secrefin are released from cells in

the small intestine and contribute to suppression of gasttic activity.



Collectively, enteric hormones and the enterogastric reflex put a strong brake on
gastric secretion and motlity. As the ingesta in the small intestine is processed,
these stimuli diminish, the damper on the stomach is released, and its secretory
and motor activities resume. Once digestion is essentially finished, waste products
leave the ileum with the help of fiber, and these solids then enter the large intestine
(the colon). In the colon, water is reabsotbed; some nutrients are produced by
bactetia (vitamin K, biotin, vitamin B12); fibers are digested to various acids and
gases; and minerals, such as potassium and sodium, are reabsorbed (when needed).
Any fiber that is not broken down—and small amounts of other undigested

products—are excreted in the feces.

To summarize, the brain alerts the stomach that it should expect artival of a meal
and the stomach comes out of its interdigestive quiescence and begins low level
motor and secretory activity (cephalic phase). After a meal is consumed, the gastric
motor and secretory activity is fully turned on (gastric phase). If the meal is at ail
substantial, the gastric phase is periodically suppressed by signals from the small
intestine and, if gastric pH falls to very low levels, from the stomach itself.
Eventually, the meal 1s fully liquefied and emptied, and the stomach falls back into
a state of very low motor and secretory activity, where it remains until the next

cephalic phase (199).

2.3.2 Protective Factots

During digestion in the stomach, large proteins break down into smaller protein
forms, and harmful bacteria can become inactive. Hydrochlotic acid is especially
important for this because it lowers the pH of the stomach contents below 2.
Along with the uncoiling of protein in the stomach, a little carbohydrate and lipid
are broken down with the help of enzymes (called amylase and lipase,

respectively).

In the stomach, carbohydrates in foods turn to starch, but it is not until the chimes

reaches the small intestine and becomes more neutralized that starch tumns to



simple sugars that are then absorbed into the portal vein, which transports them to
the liver. Also in the small intestine, lipids (mostly in the form of triglycerides) are
emulsified and form monoglycerides and free fatty acids that can then go through
the lymph system to the heart and bloodstream (123, 265, and 273).
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Chapter Three: Stomach Cancer

Stomach cancer, also known as gastric cancer, is cancer that starts in any part of
the stomach. The stomach is just onc of many organs located in the abdomen, the
area of the body between the chest and the pelvis. It is important to differentiate
among otgans, becausc cancers and other discases that affect them present
different symptoms and are treated differently.

Stomach cancer is quite common wotldwide, particularly in less developed
countries. It is a leading cause of cancer-related deaths in the wotld. Up until the
late 1930s, stomach cancer was the leading cause of cancer deaths in the United
States. This is a disease that mostly affects older people. The average age at the
time of diagnosis is 71. About two thirds of people with stomach cancer are older
than 65. The risk of developing stomach cancer in a person's lifetime is about 1 in
100, but it is slightly higher in men than in women.

About 21,500 Americans (13,190 men and 8,310 women) will be diagnosed with
stomach cancer during 2008. There will be about 10,880 (6,450 men and 4,430
women) deaths from this type of cancer in 2008 (173).

The teasons for decrease stomach cancer risk are not completely known, but may
be linked to increased use of refrigeration for food storage. This led to fresh fruits
and vegetables being more available and to a decreased use of salted and smoked
foods. The decline of stomach cancer may be linked to the frequent use of

antibiotics to treat infections in children. Antbiotics can kill the bacteria called H.

pylori which may be a major cause of stomach cancer (210).

3.1 Types of Stomach Cancer

¢ 3.1.1 Adenocarcinomas:

The great majority of stomach cancers are adenocarcinomas, which start in the
glandular cells in the mucosa, the stomach's innermost lining. Adenocarcinomas

are sometimes divided into (Lauren classification):

11



o Intestinal type adenocarcinoma. Tumor cells are described as irregular tubular
structures, harboring pluristratification, multiple lumens, reduced stroma.
Often, it associates intestinal metaplasia in neighboring mucosa. Depending
on glandular architecture, cellular pleomorphism and mucosecretion,
adenocarcinoma may present 3 degrees of differentiation: well, moderate
and pootly differentiate. This type tends to occut in the distal stomach, the
portion closest to the first part of small intestine (duodenum), and usually
results from chronic infection with H. pylri bacteria or from eating a diet
high in certain foods.

o Diffuse type adenocarcinoma (mucinous, collord): This type can occur throughout
stomach and is most often caused by genetic factors. Because its
aggressiveness, this type adenocarcinoma is may extend through the
stomach wall to nearby lymph nodes, eventually spreading to other organs
such as the pancreas, liver and colon. Tumor cells are discohesive and
secrete mucus which is delivered in the interstitium producing large pools
of mucus/colloid (optically "empty" spaces). It is pootly differentiated. If
the mucus remains inside the tumor cell, it pushes the nucleus at the

periphery - "signet-ring cell”.

Although adenocarcinomas account for about 95 percent of all stomach cancers,

other forms of the disease can sometimes occut, including:

e 3.1.2 Lymphomas. These are cancers of immune system tissue in the
stomach wall. Some lymphomas are aggressive whereas others grow much
more slowly. The latter, known medically as mucosa-associated lymphoid
tissue (MALT) lymphomas, usually stem from H. pylbrf infection and are
often curable when found in the eatly stages.

e 3.1.3 Carcinoid tumors. A small percentage of stomach cancers are

carcinoid tumors that originate in the stomach's hormone-producing cells.

12



Carcinoid tumors tend to grow less quickly and metastasize less frequently
than do the more common stomach cancers.

3.1.4 Gastrointestinal stromal tumors (GISTs). Scientists once thought
that these rare tumors formed in the nerve or muscle cells of the intestinal
tract. But now it known that they develop from cells called interstitial cells
of Cajal, which are part of the autonomic nervous system. Although GISTSs
can be found anywhere from the esophagus to the rectum, the majority
occur in the stomach. Yet GISTs are not the same as other gastric cancers,
differing not only in the cells in which they originate but also in their
ptognosis and treatment. GISTs spread rapidly, prove fatal in a relaavely
short tme and don't respond to treatment with the most common cancer

therapies (164).

13
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Chapter Four: Normal Microbial Flora of Gastrointestinal
Tract

4.1 Location: Esophagus, Stomach, Small Intestine, Large Intestine

The gastrointestinal tract is colonized wih microbes at birth and remains the home
for a diverse collection of organisms througout the life of the host. Although the
opportunity for colonization with new organisms occurs daily with the ingestion of
food and water, the population remains relatively constant unless exogenous
factors such as antibiotic treatment disrupt the balanced flora.

Esophagus: Oropharyngeal bactetia and yeast, as well as the bacteria that
colonize the stomach, can be isolated from the esophagus. Bacteria rarely cause

disease of the esophagus.

Stomach: Because the stomach contains hydrochloric acdd and pepsinogen
(secreted by the patietal and chief cells lining the gastric mucosa), the only
organisms present are small numbers of acid tolerant organisms such as the lactic
acid producing bacteria (Lactobacilius, Streptococcus species) and Helicobacter. The
microbial population can dramatically change in numbers and diversity in patients
receiving drugs that neutralize or reduce the production of gastric acids.

Small Intestine: The small intestine is colonized with many different bacteria,
fungi, and parasites. Most of these organisms are anaerobes, such as
Peptostreptococcus, Porphyromonas, and Prewotella species. Common causes of
gastroenteritis (Salmonella and Campylobacter species) can be present in small
numbers as asymptomatic residents; however, their detection in the clinical

laboratory generally indicates diseases.

14



Large Intestine: More microbes are present in the large intestine than anywhere

else in the human body. The most common bacteriz include Befidobacterium species,
Bactervides fragilis , Eubacterium species, Enterococcus species, and E ook (188).

4.2 Most Common Microbes Colonizing the Gastrointestinal Tract

Acinetobacter species
Actinorsyces species
Bacteroides species
Bifidobacterinm species
Clostridium species
Cronebacterium species
Eubacterium species
Enterococens species
Enterobacteriaceas
Fusobacterinm species
Helicobacter species
Lactobacilius species
Peprostreptococcus species
Porphyromonus species
Propionibacterisim species
Presotella species

Pseudomonss species.

15
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Chapter Five: Helicobacter species

5.1 Microbiology

5.1.1 Genus Description and Phylogeny

The genus Heficobacter belongs to the subdivision of the Profeobacteria, order
Campylobacterales, family Helicobacteraceae. This family also includes the genera
Wolinella, Flexispira, Sulfurimonas, Thiomicrospira, and Thioyulum. ‘To date, the genus
Helicobacter consists of over 20 recognized species, with many species awaiting
formal recognition (85). Members of the genus Hefcobacter are all microaerophilic
otganisms and in most cases are catalase and oxidase positive, and many but not all
species ate also uteases positive. Helicwbacter species can be subdivided into two
major lineages, the gastric Helicobacter species and the enterohepatic (nongastric)
Helicobacter species. Both groups demonstrate a high level of organ specificity.

Gasttic Helicobacter species: Gastric Helcobacter species is a spiral shaped
bacterium that have adapted to the inhospitable conditions found at the gastric
mucosal surface in the stomach and duodenum (section of intestine just below
stomach). It has a unique way of adapting in the hatsh environment of the
stomach, and it is cutrently thought that the stomachs of all mammals can be
colonized by members of the genus HeZeobacter.

In humans, the stomach is a highly acidic environment (maintained by the
sectetion of hydrochloric acid) with peptidase digestive enzymes. In fact, the
stomach’s intetior can secrete 2 to 3 liters of gastric fluid per day, which can
readily tear apart the toughest food or microorganism. Bacteria, viruses are all
consumed in this chemical. It used to be thought that the stomach contained no
bacteria and was actually sterile, but Helobacter species changed that. The stomach
is protected from its own gastric juice by a thick layer of mucus that covers the
stomach lining. Helicobacter species takes advantage of this protection by living in
the mucus lining.
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Once H. pylori is safely ensconced in the mucus, it is able to fight the stomach acid
that does reach it with an enzyme it possesses called utease (230). Urease converts
urea, of which there is an abundant supply in the stomach (from saliva and gastric
juices), into bicarbonate and ammonia, which are strong bases. This creates a cloud
of acid neutralizing chemicals around the H. pylori, protecting it from the acid in
the stomach,

C=O(NH.)2 + H' + 2H,0 =225 ), HCO;™ + 2 NH,;"
Urea hydrolysis: urea is broken down to ammonia and carbon dioxide

Enterohepatic Helicobacter species: Enterohepatic Helimobacter species colonize
the lower gastrointestinal tract, including the ileum, colon, and biliaty tree of
humans and other mammals. They cause persistent infections, which are
associated with chronic inflammation and epithelial cell hyperproliferation that can
lead to neoplastic disease, and are associated with human hepatobiliary disezse (26,
230, and 260). The group of enterohepatic Helicobacter species consists of many
different species (H. bepaticus, H. bilis, H. muridarum, and Il frogontur) differiog in
motphology, ultrastructure, growth conditions, and the presence or absence of the
urease vitulence factor (87, 231).

5.1.2 Genome, plasmids, and strain diversity

The size of the two sequenced H. pylori genomes is approximately 1.7 Mbp, with a
G + C content of 35 to 40%. The H. pylor? strain 26695 genome includes 1,587
genes, whereas the genome of strain §99 includes only 1,491 genes (8, 36, and 245).
Both genotnes contain two copies of the 16S, 235, and 58 fRNA genes. Many
strains carry one or more cryptic plasmids, which do not seem to carry antibiotic
tresistance genes or virulence genes (86, 89). In contrast to other bactetial
pathogens that are highly clonal (such as Shigeda dysenteriae and Mycobacterium
tuberculosis), H. pylori is genetically heterogeneous, suggesting a lack of clonality.
This results in every H. pylori-positive subject carrying a distinct strain (129),
although differences within relatives may be small. The genetic heterogeneity is
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possibly an adaptation of H. pylri to the gastric conditions of its host, as well as to
the distinct patterns of the host-mediated immune response to H. pykri infection
(140). Genetic heterogeneity is thought to occur via several methods of DNA
rearrangement and the introduction and deletion of foreign sequences (1, 78, 219,
and 236). Diversity is also seen at the nucleotide level via several mechanisms,
including transcriptional and translational phase variation and mutation (77, 235,
and 237).

Two independent H. pylori isolates, strain 26695 and strain J99, have been fully
sequenced and the subsequent comparison has provided a detailed look at the

physical chromosomal organization (Table 1).

Table 1: General comparative features of H. pyloti genomes

Genome Feature H. pylodi
J99 26695
Size (bp) 1643831 1667867
G+O% 39 39
Regions of different (G+C)% 9 8
vacA genotype s1b/m1 sla/m1
Open reading frames:
% of genome (coding) 90.8 91.0
Predicted no. 1496 1590
No. of functionally classified genes ' 877 899
No. of consetved genes with no function 361 375
No. of H. pylori-specific genes 258 279
No. of genes unique to each strain 89 117
Insertion elements:
No. of complete 15605 copies 0 5
No. of partial IS605 copies 5 8
No. of complete IS606 copies 1 2
No. of partial IS606 copies 2 2

Several methods were employed to asses the macrodiversity of these two
genomes. These studies showed that the majority of the genes in these two strains
lie at the same relative position. Only 10 regions of the J99 genome, ranging from

1 to 83 kb, needed to be artificially transposed and/or inverted to enable the
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orthologous genes to be mapped onto the 26695 genome (6, 37). To examine the
conservation of gene order, each J99 predicted gene and its corresponding strain
26695 ortholog, if present, were examined to determine whether their immediate
neighbors were conserved. Of the 1496 predicted genes in strain J99, 1268 (85%)
have the same neighboring gene on each side in both genomes; 161 (10.4%) have
the same neighbor on one side and a strain-specific gene on the other side; and 40
(2.7%) have a strain-specific gene on both sides. Only 27 (1.9%) have the same
neighbor on one side and an orthologous gene out of order on the other side due
to a difference in the physical structure of the two genomes.

Sequencing studies of several genes (agAd, vacA, flad, flab, cysS, ureC/glmM, and
mpA/B genes from IS605) have demonstrated that the nucleotide diversity of
orthologous genes between independent H. pylors isolates is relatively high (75, 88,
and 115). However, due to the redundancy in the genetic code, there was a higher
level of divergence in the genes than in the respective encoded proteins.
Consistent with literature studies, no two orthologous genes between J99 and
26695 shared 100% identity whereas 41 proteins (2.9%) were 100% identical.
Indeed, only eight orthologous genes (0.6%) had an identity level greater than
98%, whereas 310 proteins (22.2%) shared this level of identity (64).

The high level of genomic diversity among isolates of H. pylrd tesults from a
combination of a number of mechanisms. In the published H. pybri genome
sequences some gene homologs functioning in DNA damage reversal (e.g,
Escherichia coli homologs mutM, nfe, vsr, exyR, ada, and og) are absent, suggesting
that H. pylri is not able to directly remove DNA lesions as efficiently as E. ok
Also, H. pylori lacks an E. wk mutHIS-like postreplicative mismatch repair system.
‘Through binding to the mismatched base pairs, the matHLS system performs two
functions: preventing occutrence of mutations from replication errors and
inhibiting homologous recombination between diverged DNA sequences. Absence
of the muwtHLS system in H. pylori may predict an increased mutation rate and lack
of the genetic barrier for inter-strain recombination (5, 246, and 264).
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The majority of H. pyleri strains are naturally competent for DNA transformation
(267). Natural transformation is a complex process involving DNA uptake
followed by recombination. In H. pyleri, a gene cluster consisting of four genes
(072, comBT, comB2, and cwmB3) and the dprA gene (11, 228, and 229) are involved
in natural competence and DNA uptake. In several well-studied naturally
transformable bactetia species, specific DNA sequence ate abundant throughout
the genome are required for DNA uptake, which ensures that the substrate for
recombination is derived from related bacteria (65, 66, and 67). But H. pyleri does
not posses such an uptake sequence. Thus, H. pylri might be expected to have an
increased likelihood of taking up DNA from untelated species when it is
encountered. It is also possible that very small pieces of H. pybri DNA (from the
cells of the same strain or different strains) are taken up into the cell.

After uptake the DNA may become the substrate for homologous recombination
(239). Genetic recombination in H. pybrf is so frequent that it randomizes the
DNA sequences and generates linkage equilibrium (a so-called panmictic
population structure) (240). E. @# has two recombination pathways: the primary
RecBC pathway mainly serves the need of conjugational recombination, and the
secondaty RecF pathway functions mainly in recombinational repair (146).
According to the complete genome sequences, RecBC pathway is absent in H.
pyloré and RecF is the only pathway (9).

The transcription and translation process in H. pylri appear to bear a lot of
similarities likes other gram-negative bacteria. Comparative analyses between the
genomes of FH. pylri J99 and 26695 suggest that H. pyleri has a higher efficient
mechanism of recombinational repair by natural competence for DNA uptake,
lack of a DNA uptake sequence, and lack of muHLS system.

5.1.3 Morphology

H. pylori is a gram-negative bacterium, measuring 2 to 4 um in length and 0.5 to 1
pm in width. Although usually spiral-shaped, the bacterium can appear as a rod,
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while coccoid shapes appear after prolonged ## ##rv culture or antibiotic treatment
(143). These coccoids cannot be cultured ## zitro and are thought to represent dead
cells, although it has been suggested that coccoid forms may represent a viable,
non culturable state (72). The organism has 2 to 6 unipolar, sheathed flagella of
approximately 3 pm in lengths, which often carty a distinctive bulb at the end
(178). The flagella confer motility and allow rapid movement in viscous solutions
such as the mucus layer overlying the gastric epithelial cells (50). In contrast to
many other pathogens of the gastrointestinal tract, it lacks fimbrial adhesions
A77).

5.2 Epidemiology

5.2.1 Prevalence and Geographical Distribution

The prevalence of H. pylbri shows large geographical varations. In varous
developing countties; more than 80% of the population is H. pylori positive, even
at young ages {198). The prevalence of H. pylers in industdalized countries generally
remains under 40% and is considerably lower in children and adolescents than in
adults and eldetly people (200). Within geographical areas, the prevalence of H.
pylori inversely correlates with socioeconomic status, in particular in relation to
living conditions duting childhood (167). In Western countries, the prevalence of
this bacterium is often considerably higher among first- and second-generation
immigrants from the developing world (196, 251). While the prevalence of H. pylori
infection in developing countries remains relatively constant, it is rapidly declining
in the industrialized world (93). The latter is thought to be caused by the reduced
chances of childhood infection due to improved hygiene and sanitation. In
developing countries, H. pylers infection rates rise rapidly in the first 5 years of life
and remain constantly high thereafter, indicating that H. pylr? is acquired early in
childhood (81, 82). However, in industrialized countries the prevalence of H. pylri
infection is low eatly in childhood and slowly rises with increasing age. This
increase results only to a small extent from H. pylr? acquisition at later age. The
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incidence of new H. pylori infections among adults in the Western world 15 less
than 0.5% per year; the higher prevalence of infection among the eldetly thus
reflects a birth cohort effect with higher infection rates in the past (141, 190). The
active elimination of H. pylri from the population and improved hygiene and
housing condittons have resulted in a lower infection rate in children, which is
reflected in the age distribution of this lifelong-colonizing bacterium (138, 211, and
214). Overall, new infection more commonly occurs in childhood and lasts for life
unless specifically treated.

5,2.2 Transmission and Sources of Infection

‘The exact mechanisms whereby H. pylori is acquired are largely unknown. H. pyler:
has a narrow host range and is found almost exclusively in humans and some
nonhuman primates. H. pyleri has on rare occasions been isolated from pet
animals; thus, the presence of pets may be a risk factor for H. pylbrf infection (43,
44, 66, and 110). New infections are thought to occur as a consequence of direct
human-to-human transmission, via either an oral-oral or fecal oral route or both.
H. pylori has been detected in saliva, vomitus, gastric refluxate, and feces, but there
is no conclusive evidence for predominant transmission via any of these products.
This may be due to the fact that most research on transmission has focused on
adults. It appeared that there was no clear increased risk for being a carrier of H.
pyleri among dentists, gastroenterologists, nurses, pattners of an F. pybri-positive
spouse, or visitors to 2 clinic for sexually transmitted diseases. As a result of these
and other investigations, it is generally believed that acquisition mostly occurs int
eatly childhood, most likely from close family members (135, 136, 209, 215, 242,
and 254). Premastication of food by the parent is an uncertain risk factor for
transmission of H. pylri. Childhoods crowding in and outside the family are all
positively associated with H. pylri prevalence (97, 159). Several studies have
reported the presence of H. pyleri DNA in environmental watet sources (72, 31,
and 201), but this probably reflects contamination with either naked DNA or dead
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H. pylori otganisms. Spread via fecal contaminants is supported by the occurrence
of H. pylori infections among institutionalized young people during outbreaks of
gastroenteritis. Coupled with the extreme sensitivity of H. pylbri to atmospheric
oxygen pressure, lack of nutrients and temperatures outside the 34 to 40°C range,

direct person-to-person transmission remams the most ikely transmission route.

5.3 Pathogenesis of Infection

The primaty disorder, which occurs after colonization with H. pybri, is chronic
active gastritis. This condition can be observed in all H. pyln-positive subjects. H.
pylori-induced ulcer disease, gastric cancer, and lymphoma are all complications of
this chronic inflammation; ulcer disease and gastric cancer in particular occur in
those individuals and at those sites with the most severe inflammation.
Undetstanding of these factors is thus crucial for the recognition of the role of H.
pylori in the etiology of upper gastrointestinal pathology.

5.3.1 Role of H. pylori Virulence Factors

The natural course of infection with . pylrs is extremely variable. Most infected
individuals remain asymptomatic, and infection with H. pylri is not sufficient to
induce gastric cancer. Therefore, other factors — known bacterial and host
cofactors, and pethaps unknown cofactors — are tequired. The bacterial factors
that enable H. pylri to persist in the gastric lumen are still being studied, but
considerable insight has been gained through the analysis of the H. pylori genome,
the creation of H. pylri isogenic mutants, and the use of animal models.

5.3.1.1 cag PAI: A gene associated with secretion of a toxin is identified as the agg
A (cytotoxin associated gene) and Cag A protein, which is encoded by the cag 4
gene, is a highly immunogenic protein. Cag A-positive strains of H. pylori are more
virulent (277). The g A gene is located at one end of a 40-kb DNA insertion
called the cag pathogenicity island (cag PAI) and may have otiginated from a non-
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Helicobaster source. 'The Cag A-positive strains induce morphological changes,
vacuolization, and successive degeneration of i vitro cultured cells (127, 150).
Patients infected with Cag A- positive strains usually have a higher inflammatory
response and are significantly more at risk for developing a symptomatic outcome
(peptic ulcer or gastric cancer) in Western populations (142, 255, and 256), though
not in Asian populations (32, 96, 103, and 191). Eighteen of the agg PAl-encoded
proteins serve as building blocks of a type IV secretion appatratus [Type IV
secretion systems (T'4SS) are used not only to transport molecules toxic to host
cells, but also are used to transport DNA or protein-DNA complexes. One such
process is bacterial conjugation whereby two mating bacteria exchange genetic
material. By facilitating conjugative transfer, type IV secretion machineries play
crucial roles in the spread of antibiotic resistance genes among bacteria], which
forms a syringe like structure capable of penetrating the gastric epithelial cells and
facilitating the translocation of CagA, peptidoglycan, and possibly other bacterial
factors into host cells (18, 51, 54, 84, 178, 179, and 225).

5.3.1.2 VacA (vacuolating cytotoxin)

Approximately 50% of all H. pylri strains secrete VacA, a highly immunogenic 95-
kDa protein that induces massive vacuolization in epithelial cells i #i#ro (56). The
VacA protein plays an important role in the pathogenesis of both peptic ulceration
and gastric cancer. The activities of VacA include membrane channel formation,
disruption of endosomal and lysosomal activity, effects on integrin receptor-
induced cell signaling, interference with cytoskeleton- dependent cell functions,
induction of apoptosis, and immune modulation (57, 109). There is considerable
variation in vacuolating activities among strains (55, 56, 63, and 149). This is due
to the sequence heterogeneity within the sac4 gene (21, 257, and 276) at the signal
region (s) and the middie region (m). The s region of the gene, which encodes the
signal peptide, occuss as either an sl or s2 type, whereas the m region, which
contains the p58 cell binding domain, exists as an ml or m2 type (257).
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Vacuolating activity is high i s1/m1 genotypes, intermediate in s1/m2 genotypes,
and absent in s2/m2 genotypes (21) (Fig: 3a). In line with this, mc4 s1/m1
genotypes are more frequently associated with peptic ulceration and gastric
carcinoma (21). VacA forms pores in epithelial cell membranes, thus inducing the
release of urea and anions from the host cells. It also increases transcellular
permeability, Jeading to the release of nutrients and cations (1). Interestingly, a
significant part of the secreted toxin is not released into the environment but
remains associated with the outer membrane of H. pylrs (85, 121). Upon bacterial
contact with host cells, these toxin clusters are transferred to the host cell surface
and exert their toxic action (121) (Fig: 3b). Secreted VacA can be further processed
into a 33-kDa N-terminal fragment and a 55-kDa C-terminal fragment through
proteolytic cleavage. The N-terminal protein performs an essential function in the
formation of anion channels, while the C-terminal protein mediates cell binding
(128, 134, 185, and 249). In spite of the proteolytic cleavage, these fragments
remain noncovalently associated with each other (244). Purified VacA
spontaneously forms oligomeric aggregates (>900 kDa) and upon exposute to
acidic pH disassembles into the active monomers that form pores in the cell
membrane (59, 155, 49, and 58). Although many of the VacA-mediated effects
either directly or indirectly result from membrane binding or pore formation,
VacA also enters the cytosol, subsequently accumulates in the mitochondsial inner
membrane, and activates endogenous mitochondrial chaonels, thereby inducing
apoptosis (60, 88, 139, and 274). The mechanisms are described by figute 3.
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Secreted VacA
Signal T 1 Celi-associated
paptide p37 subunit P53 subunit protein

oroan B

Specific Pore formation Vacuolation Apoptosis Other effects
effects on cell in cell J 8.g., on
signaling? membrang f cytoskeleton

Figure 3: VacA polymorphism and function. (a} VacA polymorphism. The gene, vacA, is a
pobymorphic mosaic with two pessible signal regions, s1 and 52, and two possible mid-regions, m1 and
m2. The transiated protein is an anleiransporter with N- and C-lerminal processing during bacterial
secretion. The s1 signal region is fully active, but the s2 region encodes a protein with a different signal-
peptide cleavage site, resulting in a short N-ferminal extension to the mature toxin that blocks
vacuolating activity and atienuales pore-forming activity. The mid-region encades a celi-binding sile, bul
the m2 type binds fo and vacuolates fewer cell lines in vitro. (B) VacA biolegical activities. Secreted
VacA forms wronomers and oligomers; the monomeric form binds to epithelial cells both nenspecifically
and throngh specific receptor binding, for example, to Ptprs, which may modulate cell signaling.
Membrane-bound VVacA forms pores. Follawing VacA endocylosis, large vacuoles form, but, although
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marked in vitro, these are rarely seen in vivo. VacA also induces apaptosis, in part by forming pores in
miitochondrial membranes, allowing cytochrome ¢ (Cyt ¢) egress. Althongh the presence of cytoplasmic
ViaceA is implied rather than demonstrated, yeast two-lybrid experiments show polential for specfic
binding to cytosolic targets including cytoskeletal proteins, consistent with observed cytoskeletal sffects.
Finally, VacA bas suppressive effects on immmune cell function.

5.3.1.3 Acid resistance

One of the striking features of H. pylrs is that it is able to colonize the acidic
gastric environment, although the bacterium is not an acidophile. The pH of the
gastric mucosa is thought to vary between 4 and 6.5, but occasional acid shocks
may occur (223). H. pyleri thus require mechanisms to protect it from acute acid
shocks and mechanisms to grow at pH values around 5.5 (35, 233). Upon entry, F.
Dyleri were orfiginally thought to move rapidly toward the gastric mucus layer by
chemotactic motility using the urea and bicartbonate gradients present in the gastric
environment. The main component of H. pykri acid resistance is the urease
enzyme, which converts urea into ammonia and carbamate, which spontaneously
decomposes into another ammonia molecule and carbon dioxide (45). Urease
activity is present in all H. pybri isolates, although the levels of urease activity differ
significantly between strains and is dependent on the growth conditions (52, 260).
The urease enzyme is also associated with the outer membrane of H. pylri (233).
However, it is unlikely that the outer membrane urease contributes significantly to
acid resistance, as the urease enzyme is rapidly inactivated at this low pH (101,
217). Both the ammonia and bicarbonate produced by urease have been implicated
in the pathogenesis of H. pyfri infection. Ammonia is thought to have a cytotoxic
effect on gastric epithelial cells (230).

5.3.1.4 Adhesins and outer membrane proteins

Many bacteral factors mediate the adhesion of H. pykri to the gastric epithelium
(70, 74, 129, 152, 173, 180, and 253). Given the narrow host range, the multitude
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of adhesions probably reflects their importance for the bacterium, but it makes it
extremely difficult to test for the contribution of each individual adhesin.

(i) BabA (HopS): The 78-kDa BabA protein probably represents the best-
charactetized H. pylori adhesion protein; it is encoded by the #abA gene. BabA
mediates binding to fucosylated Lewis b (Leb) blood group antigens on the human
host cells (39, 119). There are two distinct babA alleles, bab A7 and babA2. Animal
studies suggest that BabA-mediated adhesion is relevant for the colonization and
pathogenesis of H. pyleri (121, 203). BabA is thought to have a role in the virulence
of H. pylori, as the babA2 allele 1s strongly associated with peptic ulcer disease and
gastric adenocarcinoma (94), but this correlation is controversial (283). Although
the distribution of the sahA alleles may be associated with more severe disease
(203), the presence of the bahA42 allele is cleatly linked to the zacA s1 and g4
alleles and thus again may not represent an independent disease marker (283).

ii) OipA (HopH): The 34-kDa OipA protein is another member of the Hop
protein family that may well serve as an adhesin but was originally identified as a
proinflammatory response- inducing protein (281). The gene encoding the OipA
protein is present in all I pylbrd strains. As this gene has only recently been
discovered, there is currently not much data on its relevance as a disease-specific

marker (280).

(iii)) SabA (HopP): SabA mediates binding to sialic acid-containing
glycoconjugates (157, 212). H. pylri-induced gastric inflimmation and gastric
carcinoma ate associated with the replacement of nonsialylated Lewis antigens by
sialylated Lex and sialylated Lea (157, 184, and 218). Thus, the role of SabA is
probably during the chronic inflammatory and atrophic disease stages (156).
Human granulocytes also carry sialylated carbohydrates on their surface, and as a
consequence these cells are specifically recognized by SabA. This may promote an

intimate association with the host cell that does not simply assist in evasion of the
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immune susveillance but might actually allow the bacterium to control the immune
response through direct transfer of CagA, VacA, and other virulence factors.

(iv) The hp0638 gene: A novel putative virulence factor is encoded by the 4p0638
open reading frame. HP0638 is a member of the 1. pylri outer membrane protein
(OMP) family. The 4p0638 gene is located on the H. pylri chromosome
approximately 100 kb from the g PAIL Various studies showed that H. pylrs
contain either a functional or non-functional 4p0638 gene with functional status
being regulated by a slipped strand repair mechanism in the 5° region of the gene
(switch “on” is the functional status and switch “off” is the nonfunctional status)
(281). The majority of strains with 4p0638 functional status “on” also possessed
the cag PAL

(v) ice A: Two distinct 74 genotypes, #eAl and ieA2, are known. AT is
homologous to the Neisseria lactamica NIIIIR gene encoding restriction
endonuclease NIalll, but #2242 shows no homology to any known gene. e 42 has
a particular repeat structure, predicting several distinct, highly conserved protein
motifs, and is preceded by 2 variable number of 8-bp repeats, which permit
discrimination between individual strains. The function of /242 remains unknown.
The expression of #eAT is up regulated upon contact between H pylori and human
epithelial cells (294).

(vi) Lipopolysaccaride (L.LPS): The mazjority of H. pylri strains express LPS that
contains fucosylated oligosaccharide antigens that are structurally and
immunologically closely related to human blood group antigens. These bacterial
antigens (Lewis antigens) display marked antigenic vatiation and are thought to
contribute to immune evasion. The finding that Lewis antigen expression
enhances bacterial internalization by epithelial cells suggests that Lewis antigen
expression potenttally affects the innate immune response (154).
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Table 2: Adhesins and virulence-associated proteins of H. pylori

Protein/gene cluster Predicted role Association with H. pyler
related disease
BabA Binds to fucosylated Leb bahA2 allele has been
blood group antigen on cells. | implicated in peptic ulcer
disease and gastric cancer
SabA Binds to sialyl-Lex and sialyl- | None
Lea antigens and is involved in
activation of neutrophils
SabB Binding specificity is unknown | Absence of SabB
expression via phase
vatiation is associated
with duodenal ulcers
OipA OipA has been reported to Expression of OipA is
assist in IL-8 induction, but linked to sag status and
this assoctation is not universal | development of
duodenal ulcers and
gastric cancer
AlpA and AlpB Inactivation of the 2.4 and Unknown
2ipB genes results in decreased
adherence to gastric epithelial
cells and absence of
colonization in a guinea pig
model
HP-NAP HP-NAP is reported to Unknown
activate neutrophils and is a
possible adhesin to mucin;
possible function in protection
of H. pyleri DNA or iron
storage
Plasticity region Unknown Presence of the plasticity
(1bp0947 -1kp0950) region is associated with
development of gastric
cancer, MALT
lymphoma,
and duodenal ulcers
IceA The 241 allele encodes a IceAl has been
CATG-recognizing restriction | associated with peptic
endonuclease ulcer disease, association

is not universal
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5.3.1.5 Adhesion mechanisms of H. Pyilor

Many bacterial factors mediate the adhesion of H. pybri to the gastric epithelium.
Given the narrow host range, the multitude of adhesins probably reflects their
impostance for the bactetrium, but it makes it extremely difficult to test for the
conttibution of each individual adhesin. Thus concentrate here the adhesions

mechanisms and phase variation.

BabA | Hop | SabA | phase variation

Bacterial adherence is an important contributor to the vigor of infection and
virulence. Functional receptors for H. pylori adhetence include fucosylated ABO
blood group antigens (19, 38) and sialyl-Lewis x/a antigens (158). These receptors
are recognized by the blood group antigen-binding adhesin BabA, which binds
Lewis b antigen (Leb) and related ABO antigens (19, 120) and the sialic acid-
hinding adhesin, SabA (158). To date, BabA-Leb is the best-characterized of H.
Pylert's several adhesin—receptor interactions (19, 93, 120, and 284).

Some hgp genes are duplicates, and others exhibit extensive homologies at their 5'
and 3' ends that should facilitate frequent recombination between them (10, 248).
For example, reference strain CCUG17875 (here denoted 17875) has two babA
genes: babA2, from which the BabA adhesin is expressed, and babA47, which is
silent because of an incomplete signal peptide (120). The 5sbB gene is highly
homologous to bab4 at its 5' and 3' ends but not at the central region that (in
bahA) determines the specificity of receptor binding (19, 120, and 232). Other hop
genes, babB included, contain repetitive sequence motifs that are prone to frame
shift mutation and thereby metastable bgp gene expression (10, 222, and 248). Most
disease-associated H. pylri strains express the BabA adhesin, whereas many of
those implicated in more benign infections do not (93, 120, and 284). Leb-
nonbinding strains also usually possess silent 264 gene sequences, which can be
activated by recombination into the bzbB locus. Once at this second locus, a

BabB/A chimeric adhesin is expressed at lower levels and is subject to frame shift-
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based phase variation (ON/OFF switching). These changes in expression illustrate
that bactetial adherence properties can be modulated by inclusion in expression
loci of various strengths and plasticities. H. pylrr populations use these
mechanisms for quantitative modulation of adhesive properties during cycles of
petiodic activation and deactivation.

Abilities to cycle between non adherence and adherence to epithelial surfaces and
to dynamically change adherence strength is likely to help H. pylers establish and
maintain chronic infections in the face of human diversity, immune responses, and
disease progression (19, 158). Adherence promotes delivery of toxins and other
effector molecules to target tissues and improves access to nutrients that leach
from tissues when damaged (211), but it can be a mixed blessing in also exposing
H. pyleri to the brunt of bactericidal host responses. In principle, flexibility in
adherence might have been achieved by classical regulatory mechanisms by using,
for example, membrane sensors and transcription repressors ot activators to
monitor and cope with differencesin the gastric milieu.

Expression of the BabA adhesin is believed to be regulated at the level of
translation because of the lack of the translational start in sabA7 (120). The sabA1
gene is transcriptionally silent, most likely because of four additional nucleotides
between the -10 and -35 sites of p4eiA1, which should diminish the strength of the
promoter. The repetitive (A) n sequences between the -10 and the -35 sites should
also be prone to slippage mutations and thereby allow changes in levels of
transcription of downstream genes. Northern blot analysis also detected shorter
distinct babA and babB transcripts in cells with functional bab genes. It is tempting
to speculate that transcript cleavage may also be used to help fine-tune the level of
expressed adhesin and Leb binding. The amount of expressed #2444 and babB/ A
transcript closely matched the level of expressed protein and the Leb-binding
capacity. ‘This feature probably reflects the strength of the promoters for which the
babB promoter is weaker relative to that of ##242. Thus, BabA is more strongly
expressed from the original phabA2 compared with the b2bB promoter, which is in
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line with the idea of recombinations as mechanisms of generating subclones with
altered levels of gene expression.

Synthesis of the adhesin encoded by the 826B/.A chimera is also prone to switch
OFF and ON at frequencies at nearly 10-2, unlike that from the original bs5.4 gene.
By flexible ON/OFF shiftsin adherence, the bactenal population will contain cells
that closely attach to the epithelium and others that better escape inflammation
responses. Infection with H. pybri induces changes to mucosal glycosylation
patterns, with up- regulation of inflammation association sialyl-Lewis antigens
(158). Both sialylated and fucosylated antigens reciprocally change expression
levels when fucosylaton is down-regulated during early phases of infection but
then again increase duting persistent infection. Furthermore, higher infection loads
of H. pylori wete seen in patients with higher densities of Leb (108, 227). These
results suggest that H. pylrd infection promotes distinct shifts in mucosal
glycosylation patterns and, in accord, selection of H. pykri clones with optimum
adherence phenotype (36).

5.4 Immune Response

If a microbe is to persist in a vertebrate host, its biggest challenge is to avoid
clearance by the immune system. Transient H. pybri colonization has been
documented in both primates and humans (68, 197). However, usually, following
H. pylori acquisition, there is rapid host recognition in the form of both innate and
acquired immune responses, including generation of specific local and systemic
antibodies (192).

5.4.1 Role of antibodies in protective immunity

Based on analogy with other mucosal infections, it was initially assumed that a
protective immune response against H. pylri would predominantly be mediated by
antibodies. Reports on a good corxelation between the presence of H. pybr
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antibodies in the milk of Gambian mothers and the absence of H. pylr’ infection
in their breast-fed children (151, 245) supported this assumption.

5.4.2 Immune modulation

H. pylori activate the acquired immune system, as indicated by both humoral and
cellular recognition of its antigens (29) although it has evolved to substantially
downregulate and avoid acquired immune effectors. Recognition by the acquired
immune system requires antigen presentation, and . pylri interfere with both
uptake and processing of antigens, partially through a VacA effect (168). H. pylri
also suppress T cell proliferation and activation and induce selective T cell
apoptosis, again partially through specific VacA effects on signaling (90, 266). It
evades host adaptive responses by mimicry of the gastric epithelial fucosylated
(Lewis) antigens, and by antigenic vatiation of surface proteins including a critical
pilus molecule, CagY (16).

As this high-frequency antigenic vatation occurs through mutation (usually
slipped-strand mispairing} and intragenomic recombination between homologous
sequences (200, 247), these genetic mechanisms are important contributors to
immune evasion. Finally, H. pylri can also suppress less specific immune
mechanisms such as phagocytosis (5, 293). The relative contributions of the
different host mampulation and evasion strategies to F. pylrs persistence are not
established, possibly differing in individual hosts, but the existence of these varied
mechanisms implies that immune surveillance of the gastric lumen is powerful, and

that bacterial survival requires its subversion.

5.4.3 Activation of the innate immune response

Innate immune system recognition of microorganisms involves Toll-like receptors
(FLRs) that discriminate pathogen-associated molecular pattemns (147). TLR
stimulation triggers proinflammatory signaling through NF-kB activation, and H.
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pylori has evolved to minimize such stimulation and chemokine expression in the
cells of the gastric mucosa.

The intracellular peptidoglycan, transferred into the cytoplasm by g PAI-
mediated contact between the epithelial cell and the bactedum, may be a key
activator of the innate response against H. pylori (262). This intracellular
peptidoglycan is recognized by Nodl, a member of the recently discovered Nod
family. Two members of this protein family, Nod1 (also known as CARD4) (262)
and Nod2 (CARD15), are involved in the recognition of bacterial peptidoglycans
and seem to act as intracellular (Nod!) and extracellular (Nod2) receptors for
gram-negative bacteria in cpithelial cells (48, 123).

Thus, at least for cag PAl-positive H. pylori strains, the Nod1-mediated signaling
scems to be a key factor in the recognition and subsequent activation of the
proinflammatory response in gastric epithelial cells (262). However, only some of
the H. pyleri cells in the mucus layer actually attach to the gastric epithelial cells (40,
282); thus, differences in adhesion mediated by H. pylers properties and differences

in host cell receptors may well influence the degree of inflammation mediated by
H. pylori infection. This may have an important effect on the subsequent
development of gastritis and disease.

5.4.4 Resistance to phagocytosis and modulation of dendritic cell activity

Although the gastric mucosal recognition of H. pylri is positively affected by the
presence of the cgg PAIL it does not involve CagA. NF-kB activation, and
consequently TL-12 induction by macrophages/monocytes, even seems to be
completely independent of ag PAI (64); in contrast to epithelial cells, however, it
does involve CD14 and TLR4 (28, 156, and 235). H. pylri infection results in
upregulation of MIP-3 o gene expression in gastric epithelial cells, thus inducing
an influx of monocytic cells into the lamina propria of the gastric mucosa .These
cells may be functionally impaired, as H. pylers is capable of inhibiting phagocytosts
by macrophages through an as-yet-unknown pathway (3, 4, 205, and 206). This not

35



only results in reduced anti-H. pybri activity of the macrophages but more
importantly results in decreased and altered processing of H. pyleri antigens by
activated macrophages (dendrntic cells). Since the activation of B and T cells is
dependent on the presentation of H. pylri antigens by dendritic cells, this is of
crucial importance for the outcome of the immune response. Although the exact
mode wheteby H. pylori mediates this effect is unknown, the dendritic cell-specific
sutface receptor C-type lectin ICAM-3-grabbing nonintegrin (DC-SIGN; CD209)
may be involved (91, 259). DC-SIGN is known to act as a receptor for some
pathogens, such as human immunodeficiency virus type 1, and can also act as a
ligand for H. pyleri, as binding of H. pyleri to monocytic cells can be blocked with
anti-DC-SIGN monoclonal antibodies (15). DC-SIGN recognition seems to
require the presence of the Lewis blood group determinants on the LPS, as only
H. pylori variants that carry the Lewis blood group determinants (Le*) bind to DC-
SIGN (34). This leads to a Le*-specific blocking of Thl cell activation and IL-6
production (15). Lewis antigen is prone to phase variation; hence, there will always
be a significant proportion of Le- varants within an isolate, and as this fraction
increases, the inhibition of the Th1 cell response is reduced. Interestingly, F1 pylors
preferentially induces IL-12—not IL-6 or II-10, as most other extracellular

bactetia tend to do—in human dendsitic cells (99).

5.4.5 Regulatory T cells

IL-10-producing T cells seem to be crucial in the control of H. pybr-induced
inflammation and emable the bactetium to persist in the gastric mucosa. For
example,

H. pylori is unable to persist in TL-10 knockout mice (50, 126). CD25* regulatory T
cells probably play a key role in this, as mice lacking CD25+ cells developed more
sevete gastritis while having reduced bacterial loads in the gastric mucosa (204).
Similarly, removal of CD25% cells from H. pylbri-positive volunteers resulted in
increased in vitro proliferation and gamma interferon production, indicating that
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H. pybori infection results in downregulation of the immune response through
interaction with regulatory T cells (234).
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Chapter Six: Diagnosis and Treatment

Various tests have been developed for the detection of H. pybri. The available tests
are generally divided into invasive tests, based on gastric specitmens for histology,
culture or other methods, and noninvasive tests, based on peripheral samples, such
as blood, breath samples, stools, urine, or saliva for detection of antibodies,
bacterial antigens, or urease activity. Additionally molecular diagnosis is an
advanced procedure for identification of H. pylri. The choice of a specific test for
an individual patient depends on local experience and the clinical setting (152, 250,

and 291). In research protocols, a combination of two methods is often applied.

6.1 The symptoms of stomach cancer: The following are the most common
symptoms of stomach cancer. However, each individual may experience symptoms
differently. Symptoms may indude:

« indigestion or heartburn (buming sensation)
» discomfort or pain in the abdomen

+ nausea and vomiting

+ diarrhea or constipation

» bloating after meals

« loss of appetite

» weakness and fatigue

» vomiting blood or blood in the stool

6.2 Physical diagnosis procedure

In addition to a complete medical history physical examination procedures for
stomach cancer may include the following:

6.2.1 Fecal occult blood test - checks for hidden (occult) blood in the stool. It
involves placing a very small amount of stool on 2 special card, which is then

tested in the physician's office or sent to a laboratory.
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6.3 Molecular Diagnosis of Stomach Cancer

6.3.1. Polymerase-Chain-Reaction (PCR): The PCR process is based on the
heat-stable DNA polymerase mixed with 2 DNA template, 2 synthetic DNA
oligonucleotide primer that anneals to the template, and the four deoxynucleoside
triphosphates to make a reaction mixture. After a short synthesis period, a new
copy of DNA results from elongation of the annealed primer. Because of the
thermal stability of the Tag polymerase, this process can be repeated for many
cycles with only a slight loss of enzyme activity during each cycle.

In 2005, Shiho Yamazaki et al used a simple PCR-based method for genotyping of
vacA gene in the University of Fukui, Fukui, Japan. Two different areas of Japan
were selected as sources for strains. Fukui is a typical rural prefecture located on
the central Japanese mainland (Honshu), while Okinawa consists of islands in the
southwestern part of Japan. A total of 220 H. pylesri clinical isolates (115 Fulkui
strains and 105 Okinawa strains) were obtained during upper gastroduodenal
endoscopy and gastric biopsy specimens from each patient were inoculated and
cultured for 3 to 5 days at 37°C under microaerobic conditions (5% 02, 5% CO2,
90% N2). H. pylori cells were harvested from each plate, transferred into a brucella
broth liquid culture medium containing 10% fetal calf serum, and cultured for 24 h
with agitation. DNA from each H. pylori isolate was extracted from the pellet of
the bacterial suspension, suspended in TE buffer and stored at 4°C until PCR

amplification was performed.

Genotyping of the meA gene was performed by PCR amplification in the s-region
(the signal peptide-encoding region) and the m-region (middle region) using the
primers. PCR products were separated by 2% agarose gel electrophoresis and
examined under UV illumination. The outcome of the study is given below by
tabular form.
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‘Table 3: Oligonucleotide primers used in typing of H. pylosi vacA

alleles
Primer Sequences Size and location of
PCR product
sla vacA sla-F 5-CTC TCG CTT TAG TAG GAG C-3' 213 bp (843-1055)4
VA1R 5-CTG CTT GAATGC GCCAAACY
sib S83-F 5'-AGC GCC ATA CCG CAA GAG-3 187 bp (869-1055)¢
VA1-R
slc vacA slc-F 5-CTCTCG CTT TAG TGG GGY T-3 213 bp (843-1055)¢
VA1-R
§2 SS2-F 5'-GCT AAC ACG CCA AAT GAT CC-3 199 bp (433-631)d
VAL-R
mila VA3-F 5'-GGT CAA AAT GCG GTC ATG G-3 290 bp (2741-3030)4
VA3-R 5'-CCA TTG GTA CCT GTA GAA AC-3'
mlb VAm-F3 5-GGC CCC AAT GCA GTC ATG GAT-3 | 291 bp 2741-3031)¢
VAm-R3 5-GCT GTT AGT GCC TAA AGA AGC
AT-3
m2 VA4-F 5'-GGA GCC CCA GGA AACATT G-¥ 352 bp (976-1327)¢
VA4R -CAT AACTAG CGCCITGCAC-3 (2284-2635)d
aY,CorT.

b- Nugleotide positions in the vacA gene of H. pylori 60190 (GenBank accession no. HPU05676).
¢- Corresponding to nucleotide positions of H. pyleri 60150.
d- Nucleotide positions in the vacA gene of H. pylori Txc30a (GenBank accession no. HPU29401).
¢ -INucleotide positions in the nacA gene of H. pylori 87-203 (GenBank accession no. HPUO5677).
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A potential advantage of PCR is that it may enable the diagnosis of H. pykr? to be
made noninvasively by detecting H. pylori DNA in nongastric fluids such as saliva.
However, PCR methods hold great promise in the detection of genetic differences
between H. pylori stains for research and epidemiologic studies. The disadvantage
of PCR method is-it’s a time consuming process for diagnosis (284).

6.3.2. Reverse Transcription-PCR (RT-PCR): Between January 2000 and
January 2002 Takashi Marutsuka et al. have taken a study to establish an ultra-rapid
quantitative teverse transcription-PCR (RT-PCR) protocol that enables the
diagnosis of cancer spread during operation. In this study, they established a
combined system of an ultra-rapid RT-PCR using a fully automated mRNA
extractor and a real-time one-step RT-PCR system with hybndization probe
format for detection of peritoneal free cancer cells. This new method enabled to
obtain the results of RT-PCR with approximately 70 min after samplng,
Furthermote, researchers carried out multiple markers RT-PCR assay for a
combination of CEA and CK20 to eliminate false-positive results and to improve
specificity. They obsetved 63 patients with gastric carcinorna. All had histologically
proven gastric carcinoma and underwent a potentially curative operation with
extended lymph node dissection (D2). No patients had received preoperative
tadiation therapy or chemotherapy. No patients had an intestinal perforation. The
lymph nodes were cut into two equal parts under stedle conditions to prevent
RNA contamination between specimens. One-half of the lymph node was fixed in
10% buffered formalin for routine histological examination, and the other half was
frozen in liquid nitrogen for the RT-PCR assay. mRNA was extracted using the
MagNA Pure LC system (Roche) according to the manufacturer’s insttuctions. In
brief, the isolation procedure is based on magnetic bead technology. Real-time,
one-step, no-nested RT-PCR for CEA mRNA and CK20mRNA was realized.
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‘Fable 4: Oligonucleotide primers for CEA mRNA and CK20 mRNA

Amplification
Amplification | Pnmer Sequences Probe Sequences for Identification
Type
CEA 5'GACGCAAGAGCCTATGTATG 5'CCCAGACTCGTCTTACCTTTCGG-FL
5"GGCATAGGTCCCGTTATTA 5-LC-AGCGAACCTCAACCTCTCCTGC-P
CK20 5-GAAGTCGATGGCCTACACAA | 5“CTTTIGGCCTCTTGAAGGTTCTTCTG-FL
“AACGGGCCTTGGTCTCCICTA “LC-GCCATGACTTCATACTTCTGCCTCAP

B

In sequences, FL means fluorescein, LC means LC Red 640 labeling, and P means phosphate group fo
block exctension.

Reverse Transcription-PCR has potentiality for screening a small amount of tumor
cells in circulating blood, bone marrow, lymph nodes, and peritoneal lavage fluid.
Therefore, the RT-PCR technique is suitable for detecting minute quantities of free
cancer cells. However, RT-PCR has its own drawbacks, such as the following: (2)
results of RT-PCR are not available during surgery because of the time-consuming
gene amplification and subsequent data analysis; and (4) results of RT-PCR
involve, even in low frequency, false-positive results exist by DNA contamination

or pseudogenes (162).

6.3.3. DNA microarray technique and Laser Capture Microdissection: ‘The
DNA microarray technique is a powerful tool for identifying novel genes that
patticipate in the development and progression of gastric cancer (286). An array is
an ordetly arrangement of samples. It provides a medium for matching known and
unknown DNA samples based on base pairing rules and automating the process of
identifying unknowns.
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There are two major application forms for the DNA microatray technology:

1) Identification of sequence (gene/gene mutation).
2) Determination of expression level (abundance) of genes.

Laser microdissection is an innovative technique which offers researchers a simple,
reliable, rapid and accurate tool for precise and contamination-free procurement of
cell groups from tissue sections under direct visualization. In laser capture
microdissection, a laser microbeam of near-infrared power (at a temperature below
70°%) does not cut the tissue, but rather melts a thermoplastic ethyl vinyl acetate
membrane and the melted membrane sticks to the selected cells, which can then
be lifted and secured in a microfuge tube containing the appropriate extraction
solution. The suttounding tissue remains unchanged. Specified lesions or cell types
in complex tissues can easily be sampled without damage to the mozphology of the
selected zone and the surrounding tissue (268).

In 2006 Long Wang et al., using the combined methods of laser microdissection
(LMD), P27-based RNA amplification, and cDNA microarray for evaluation the
differentially expressed genes in primary carcinoma cells and lymph node
metastatic cells in 36 of 58 patients. After P27-based amplification, the expression
profiles of tumor cells of primary gastric cancer and their cotresponding metastatic
lymph nodes in 36 patients were observed by Scatter plots of cDNA microarray
and analyzed. Scatter plots of cDNA microarray analysis performed by primary
carcinoma cells and lymph node metastatic cells from 58 patients with gastric
cancer wete labeled by amplified aRNA from primary gastric carcinoma cells (Cy3)
and metastatic carcinoma cells (Cy5) respectively, and hybridized to the cDNA

microarray using laser microdissection in combination with microarray (268).




Analysis of the cDNA microarray data showed that 49 genes (including 31 with
unknown function) were over-expressed in primary carcinoma cells from 36
patients. On the other hand, 37 genes (including 9 with unknown function) were
significantly suppressed in primary carcinoma cells from 36 patients. The up-
regulated genes were related to cell adhesion, cyroskeleton, cell defense and
metabolismn. Meanwhile, the down-regulated genes included those associated with
cell development, cell cycle, signal transduction, adhesion, cell defense, gene
expression and cell metabolism (268).

6.3.4. Molecular Markers: Molecular markers are used to improve the quality of
histopathological diagnosis by analyzing genetic and epigenetic alterations.
Understanding the structure and function of gastric cancer-associated genes is
fundamental for establishing methods of gastric cancer diagnosis and
quantification of an individual’s risk of the disease (286). More and more
molecular diagnostic matkers are being identified to aid in the diagnosis of gastric

cancet. The function of molecular markers is given below-

a) Diagnosis of genetic instability: MSI is defined as the presence of replication
errors in simple repetitive microsatellite sequences due to DNA mismatch repair
deficiency. MSI is detected in both gasttic adenoma and intestinal metaplasia,
which are precancerous lesions associated with well-differentiated gastric cancers.
It is classified as high frequency (MSI-H), low-frequency (MSI-L), or stable (MSS)
(272). MSI has been recognized as one of the earliest changes in carcinogenesis
and results in genomic instability (166). MSI is present in a subset of gastric
cancers (106), ranging from 13% to 44% of gastric turnors (70); in particular, MSI-
H occurs in 10% to 16% of gastric cancers (73). Furthermore, hypermethylation of
CpG islands in the promoter region of the AMLH7 gene is associated with
decreased hMLH1 protein expression and often occurs in gastric cancer cases with
MSI-H, indicating that epigenetic inactivation of this gene in association with
promoter methylation may underlie MSI (148). MSI in gastric cancer cases is also

45



associated with antral tumor location, intestinal-type differentiation, and a better
prognosis (68, 70). MSI-H-positive gastric cancers are clinicopathologically
distinct; thus, it may be valuable to identify subgroups of gastric cancers (102). The
MSI technique is promising for the early detection of cancer: rather than searching
for a specific gene, it may be used as a screening tool (48). Additional genes with
simple, tandem repeat sequences within their coding regions that have been found
to be specifically altered in gastric cancers displaying MSI include BAX, AMSH3,
IMSH6, E2ZF4, TGF-§ receptor II, and insulin-like growth factor receptor II,
which are known to be involved in the regulation of cell-cycle progression and
apoptotic signaling (71, 83, and 125).

Techniques of detecting MSI are promising for the eatly diagnosis of tumors

before they become microscopically obvious.

b) Analysis degree of malignancy: The group of activated oncogenes consists
primarily of various growth factors and growth factor receptors. For example, in

previous studies, the cwmes protooncogene, which encodes a tyrosine kinase
receptor for the hepatocyte growth factor, was overexpressed in 50% of both
diffuse- and intestinal-type gastric cancers (10, 46, 105, 287, and 292). Tumors
having overexpression of c-met have tended to display increased invasiveness and
be poorly differentiated (including scirrhous tumors). Also, c-met is amplified
and/or overexpressed but not mutated in several tumors, suggesting that
overexpression of normal c-met, rather than structural alteration is responsible for
activation of the tyrosine kinase receptor (187, 197). Furthermore, reatrangement
of the #pr and c-met genes has been reported in gastric cancer and identified in a
small subset of gastric cancers (289).

The c-etB2 (HER-2/nes) gene, another protoomcogene, is a transmembrane
tyrosine kinase receptor. HER-2/neu protein overexpression or gene amplification
is associated with approximately one-fourth of all gastrointestinal tract



malignancies (47, 213). HER-2/neu overexpression also appears to be linked with
advanced rather than early disease with limited invasion.

Other oncogenes, such as cyclin E, c¢r#B3, K-sam, Ras, and e-mye, have also been
found to be amplified and overexpressed in gastric carcinomas (106, 137,176, 204,
and 290). In particular, K-sam, which belongs to the fibroblast growth factor
receptor family, is frequently overexpressed in diffuse-type gastric cancers, due to
amplification of it (33, 130). Additionally, more enhanced expression of the Ras
gene was found in intestinal-type gastric cancers than in diffuse-type cancers (61)
and in advanced rather than in eardy gastric cancer (181, 182, and 279). Expression
of c-mye has also been found to correlate with the disease stage, depth of invasion,

and peritoneal dissemination (175, 188).

¢} Differential Diagnosis: Inactivation of tumor suppressor genes due to
mutations and/ot loss of heterozygosity (LOH) are also a frequent event in gastric
carcinogenesis. For example, inactivation of p53 and p16 has been reported in
both diffuse- and intestinal-type gastric cancers. Mutation ot LOH of the p53 gene
has been reported in up to 80% of gastric cancer cases independent of the
histological subtype, and predominately in cases of metastatic disease (42, 53, 79,
80, 114, 121, 122, and 263). However, p53 mutations have also been identified in
eatly dysplastic and metaplastic lesions (about 10%) (132, 207, and 278), and some
studies have reported that p53 alterations have a crucial role in early intestinal-type
gastric carcinogenesis, likely acting at the transition step between metaplasia and
dysplasia, and that the alterations are mainly associated with tumor progtession in
diffuse-type cancer (207).

Adenomatous polyposis coli (4PC) gene mutations seem to occur more frequently
in intestinal-type gasttic cancers (41, 208, 261, and 172). Up to 60% of intestinal-
type gasttic tumors and approximately 25% of adenomas have mutation and/or
LOH of the tumor suppressor gene APC (104, 113, 116, 241, and 288). These

alterations are rare in diffuse-type carcinomas but may be associated with signet-
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ring cell carcinomas (171). Somatic mutation of the APC gene plays an important
role in the pathogenesis of gastric adenoma and dysplasia, but has a limited role in
the progression of it to adenocarcinoma (144). In addition, the APC protein is
important for the degradation of B-catenin (117, 170). Specifically, it binds to -
catenin, whose free concentration within the cell is tightly regulated and kept at a
low level. After interaction with the transcription factor lymphoid enhancer factor-
1 (LEF-1), B-catenin translocates into the nucleus, where it regulates gene
expression (193). B-catenin mutations have also been detected in intestinal type
gastric tumors, but are absent from diffuse-type tumors (45, 186). In intestinal-
type gastric cancers, the accumulation of B-catenin protein may result from
impaired degradation of the f-catenin protein due to alterations of the S-catenin
and APC genes (62, 69, and 118).

d) Survivin Protein: Survivin is a protein that is highly expressed in a vast number
of malignancies, but is minimally expressed in normal tissues. It plays a role as an
inhibitor of cell death in cancer cells, thus facilitating the growth of these cells. In
the case of gastric cancer, survivin is over-expressed in tumor cclls and plays a role
in the carcinogenesis process. Therefore, the detection of survivin in body fluids
could serve as a diagnostic marker that allows the early detection of malignancy.
Several studies on gastric cancer have indicated that there is a relationship between
survivin expression and the ultimate behavior of the carcinoma. Since the
expression pattern of survivin is selective to cancer cells, it plays a role as an “ideal
target” for cancer therapy. Currently, several pre-clinical and clinical trals are on-
going to investigate the effects of interfering with survivin function in cancer cells
as a biologic therapy. Survivin is a potentially significant protein in the diagnosis,

prognosis and treatment of gastric tumors (269).
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6.4 Treatment for stomach cancer: Specific treatment for stomach cancer will

be determined by physician based on-

o

Age, overall health, and medical history
Extent of the disease
Tolerance for specific medications, procedures, or therapies

Expectations for the course of the disease

Treatment for stomach cancer may include:

6.4.1

6.4.2

6.4.3

Surgery: Surgery may be necessary to remove cancerous tissue, as
well as nearby noncancerous tissue. The most common operation is
called gastrectomy. If part of the stomach is removed, it is called a
subtotal or partial gastrectomy. If the entire stomach is removed, it is
called a total gastrectomy.

External radiaton (external beam therapy): External radiation
precisely sends high levels of radiation directly to the cancer cells. The
machine is controlled by the radiation therapist. Since radiation is used
to kill cancer cells and to shrink tumors, special shields may be used to
protect the tissue surrounding the trearment area. Radiation
treatments are painless and usually last a few minutes. External
radiation may be used to ease (palliate) symptoms such as pain or
blockage.

Chemotherapy: Chemotherapy is the use of anticancer drugs to treat
cancerous cells. In most cases, chemotherapy works by interfering
with the cancer cell’s ability to grow or reproduce. Different groups of
drugs work in different ways to fight cancer cells. The oncologist will
recommend a treatment plan for each individual.
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6.4.4 Laparoscopy: Laparoscopy is another procedure used to stage some
patients with stomach cancer. This involves a medical device similar
to an endoscope. A laparoscopy is a minimally invasive surgery
technique with one or a few small incisions, which can be petrformed
on an outpatient basis, followed by rapid recovery. Patients who may
receive radiation therapy or chemotherapy before surgery may
undergo a laparoscopic procedure to determine the precise stage of
cancer. If specialist needs to examine stomach in more detail, in order
to look further signs of the spread of cancer, may have a small
operation called a laparoscopy. This procedure is carried out under a
general anaesthetic. In this procedure, physician will insert a thin
viewing tube with a camera on the end (a laparoscope) through a
small cut (incision) in the lower part of stomach in order to examine
it. In some cases, specialist may need to examine more than one area

of stomach, and may need to make more than one incision.

Sometimes, several of these treatments may be combined to treat stomach

cancer (153).
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Chapter Seven: Correlation of Stomach Cancer and H. pylosi

The exact causes of stomach cancer are unclear to researchers. Nevertheless,
several fisk factors have been identified. They include:
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Age.
Gender.

Ethnicity (Stomach cancer is more common among Hispanics, African
Americans, Asian, and Pacific Islanders).

Tobacco and alcohol abuse (The risk of developing stomach cancer is
higher in smokers).

Type A blood (people with type A blood have a higher risk of developing
stomach cancer).

Family histoty (the tisk of developing stomach cancer increases when
there is a family history of stomach cancer).

Diet (a diet rich in smoked food, salted meat and fish, and pickled
vegetables increases the risk of developing stomach cancer).

Obesity (overweight or obese people are more likely to develop stomach
cancer).

Previous stomach surgery (people that had part of their stomach removed
ate at a higher risk for developing stomach cancer).

Medical conditions (H. pylori Infection, Pernicious Anemsia, Menetrier Disease),
genetic mutations (people that carty 2 mutation of the breast cancer genes
[known as BRCA1 and BRCAZ], have a higher risk for developing
stomach cancer).

Geographic location (stomach cancer is more common in Japan, China,
Southern and Eastern Europe, and South and Central America. It is less
common in Northern and Western Africa, Melanesia, South Central Asia,
and North America) (183).
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In this chapter, mainly the author was interested to investigate the correlation of
stomach cancer and H. pylri. So, few of the research studies have been focused in

this section.
7.1. H. pylod and Gastric Cancer

Numerous studies have suggested a positive correlation between positive
serological tests for H. pylri and gastric cancer. In 1996, the Intemational Agency
for Research on Cancer classified H. pylri as a Group 1 carcinogen, because H.
pyleri infection substantially increases the risk of gastric cancer development.
Cancer is a several-phase process; long-term exposute to a potential mutation-
inducing process considerably increases the risk of cancer development. Cell
proliferation on a prolonged inflammation-affected site allows for the
development of continuous mutation. As gastric cancer takes several years to
develop, subjects with H. pylori infection acquired in early childhood are at higher
risk of developing the cancer.

In 2001, Aleksandar et al. undertook a study to determine the preseance of H. pylori
infection in the gastric mucosa of cancer patients relative to patients with other
clinical diagnoses (gasttic ulcer, duodenal ulcer). In addition, they wanted to
examine a possible correlation between F. pybri infection and gastric

cancetrogenesis in both intestinal-type and diffuse-type adenocarcinoma.

Patients and Methods: The study involved two treatment groups with a total of
117 patients. The first group comprised patients with various clinical diagnoses
who undetrwent endoscopy. Following the pathologist’s assessment, a total of 203
biopsy specimens of the gasttic mucosa were taken and analyzed using
microbiological and histopathological methods in order to identify pathological
processes in the mucosa, as well as the presence of H. pylori infection. The second
treatment group comprised 74 patients with gastric cancer, who were examined for
the gastric cancer type, H. pylri infection, and the cancer localization in the
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antrum, corpus, and ulcetation border of gastric ulcer patients, and from the
infiltration- adjacent region, ie., the endoscopy-presented unaffected mucosa of
cancer patients. The microbiological analysis included: preparation of direct
microscopic smears stained according to Gram and H. pyleri cultivation. For the
latter, they used a solid selective medium. Fi. pylri was identified on the basis of
morphologic appearance of the cells, morphology of the colonies, and urease,

catalase, and oxidase tests.

Results: In order to determine the presence of F. pyhri infection and to verify
gastritis, 203 biopsy specimens of the gastric mucosa (one or more per patient)
were taken and analyzed histopathologically. Distribution of H. py/eri positive tests
by clinical diagnoses is given in Table 8. The presence of H. pylori was confirmed at
a high rate for the patients with various clinical diagnoses. The rate was also high
for the patients who declined endoscopy (84.61%).

Table 8. H. pylori in clinical gastric disease

Helicobacter pylori test

Diagnosis No. of patienis Pasilive Negative
" No. % No. %

Gastric ulcer 32 27 84.37 5 15.62
Duodenal ulcer 3 27 §7.00 4 12.90
Gastric cancer 8 7 87.50 1 1250
Pefnicious anemia 6 -5 83.33 1 16.66
Hesﬁciéﬂ-.ﬁiﬁ}ﬁﬁ’ 19 14 73.68 5 26.31
mOrS 8 6 75.00 2 25.00
Negative : _
endoscopic finding 13 11 84.51 2 15.38
Total , 117 97 82,80 20 17.09

There are no statistically significant differences in the prevalence of H. pylori
positive tests between the patients with gastric ulcer and those with gastric cancer
(Fisher exact test: p=1.00; p>0.05). No statistically significant difference in the
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prevalence of positive tests for H. pylori was established between the patients with
duodenal ulcer and those with gastric cancer (Fisher exact test: p=1.00; p>0.05).
Positive tests for H. pyleri were also analyzed relative to the colonization site in the

stomach. The bacterium was found in the antrum of 78.35% patients and in the
corpus of 61.95% patients.

Table 9. Localization of intestinal-type and diffuse-type gastric cancer

and H. pylori

i e
chr?ce m"é 5 7027 22 29,72
?ﬁéﬁ'ﬁ‘;’” posifive a7 7115 15 68.18
Localzationn 0 346 10 4545
;":“’o;’rg"ug“"‘ 19 36,52 8 36.36
Locaizalion n 13 250 4 18.18

The second group comprised 74 patients with gastric cancer (Table 9); 27-75 years
of age (mean age, 51.10 years). Of a total number of the patients examined for
adenocarcinoma, 46 cases (62.16%) were registered in males, whilst 28 cases
(37.82%) were registered in females. Intestinal-type adenocarcinoma was
diagnosed in 52 patients, of whom 37 (71.15%) were H. pylori positive. Diffuse-
type adenocarcinoma was diagnosed in 22 patients who showed a lower rate
(68.18%) of H. pyleri incidence. No statistically significant difference was revealed
in the frequency of H. pylri positive findings between the patients with intestinal-
type and those with diffuse-type gastric cancer (c2= 0.07; p= 0.798; p>0.05).

54



Discussion: Aleksandar et al. examined the presence of H. pylr in the gastric
mucosa of 117 patients who underwent endoscopy due to disorders in their upper
epigastrium. They confirmed the presence of H. pylri in 84.37% patients with
gastric ulcer, and 87.09% patients with duodenal bulb ulcer. These patients served
as controls to H. pyleri positive patients with gastric cancer. Qut of 117 examined
patients who underwent gastroscopy, 8 were found to have gastric cancer. In
87.50% of them H. pylori was detected in the mucosa surrounding gastric cancer. It
is well known that this microorganism does not colonize the cells of the cancer,
but when accompanied with gastric cancer it helps maintain the colonization of

the non-neoplastic gastric epithelium.

Conclusion: H. pyleri infection has a significant role in the development of gastric
adenocarcinoma. No statistically significant difference in the incidence of H. pylri
positive tests exists between the patients with intestinal-type adenocarcinoma and

those with diffuse-type adenocarcinoma (2).

7.2. Analysis of H. pylori Genatypes and Correlation with Clinical Qutcome,

The H. pylori genotypes and the geographic distribution are linked to the severity
of peptic ulcer disease (PUD). H. pyleri appeats to be one of the most genetically
diverse bacterial species, as evidenced by the presence, among different strains, of
nonconsetved DNA fragments such as the g4 gene in the cag pathogenicity
island and allelic variation within the »2c4 gene. Such diversity was found to affect
the function and antigenicity of virulence factors associated with bacterial infection
and, ultimately, disease outcome. Tutrkey's geographic location, which has been
under continuous influences from both Asian and Westemn countries, has made it
an ideal site for epidemiological studies on H. pykri infection and genotyping. The
prevalence of gastric cancer in Tutkey is much lower than that in certain Asian
countries {e.g., Japan) according to the World Health Organization wosld cancer
report (annual rates of 4,440 cases {Turkey] versus 115,294 cases {Japan]/100,000

individuals); however, it is not known whether the difference is due to host,
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environment, or bacterial factors or a combination of these factors. In 2003
Huseyin Saribasak, Barik A. Salih,Yoshio Yamaoka, and Ersan Sander were aitmed
to detect whether the a4 and »acA4 genotypes of the Tutkish strains were of the
genotypes typically observed in Western countries or in Asia and to determine

their association with clinical outcomes.

Patients and Methods: Seventy-three patients (42 males, 31 females; mean age,
46 years; age range, 17 to 80 vears) (22 with gastritis, 33 with PUD, and 10 with
gastric cancer) were cnrolled in this study. Three biopsy specimens—for
Campylobacter-like organism (CLO) test, culture, and PCR—were taken from the
antral part of the stomach of each patient. Patients had received no treatment for
H. pylori infection. Informed consent was obtained from all patients and approved

by an ethics committee at Fatih University.

Results: Patients were considered infected with H. pybri when the gastric biopsy
specimens gave positive results in any one of the objective tests: CLO test, culture,
or PCR. Sixty-five (89%) of 73 patients were H. pylori positive. Among these, 49
{75%) were positive by the CLO test, 48 (74%) were positive by culture, and 65
(100%) were positive by PCR. PCR amplification of DNA sample directly from
gastric biopsy specimens detected the g4 gene in 51 (78%) of G5 patients,
including 12 (55%) of 22 patents with gastritis, 5 (100%) of 5 patients with gastric
ulcer, 25 (89%) of 28 patients with duodenal ulcer, and 9 (90%) of 10 patents with
gastric cancer (Table 5). All agA genotypes detected wete type 2a, which was
typically observed in strains from Western countries and showed a significant
association with PUD (P < 0.00001) and gastric cancer (P < 0.001). PCR
amplification of DNA samples isolated from culture material (single colony or
pool of colonies) gave similar results to the DNA isolated directly from gastric

biopsy specimens.
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Table 5. H. pylori cagA and vacA sla genotype correlation with PUD

Patient group? | No. (%) positive for: cag4 | No. (%) positive for: sacA sla
G (n=22) 12 (54) 18 (82)

GU (n = 5) 5 (100) 5 (100)

DU (n = 28) 25 (89) 23 (82

GC (= 10) 9 (90) 8 (80)

Total (n=65) |51 (78) 54 (83)

* Abbreviations: G, gastritis; GU, gastric wleer; DU, duodenal wleer; GC, gastric cancer; n, number
excamined.

The e sla genotype was detected in 54 (83%) of 65 patients: 18 (82%) of 22
with gastritis, 5 (100%) of 5 with gastric ulcer, 23 (82%) of 28 with duodenal ulcer,
and 8 (80%) of 10 with gastric cancer (Table 6). The »2c4 sla genotype had no
significant association with PUD. No other »ac4 s1 subtype was detected in this
study except for one sib subtype in a patient with gastritis. The 24 s2 genotype
was found in three (5%) of the patients. The »2c4 m1 genotype was detected in 8
(12%) patients, while the m2 genotype was detected in 28 (43%) of the 65 patients.
All m1 genotypes were mla genotype, and those of the m2 genotype were m2a
genotype (Table 6). Both genotypes have been thought to be specific to strains
from Westemn countties. Table 5 shows the association between the g4 and vacA
sla expression and PUD. The expression of the wgA gene was strongly associated
with that of the sacAd sla genotype (P < 0.0001) in patients with gastric ulcer,
duodenal ulcer, and gastric cancer. No significant association was found between
cagA and racd ml or m2 genotypes and PUD. Multiple vac4d genotypes were
significantly more prevalent in PUD and gastric cancer patients than in patients
with gastritis (Table 6).
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Table 6. H. pylori vacA s and m regions subtyping in dyspeptic

patients

No. of patients with subtyping result
Patient sla slb |s2 M N |mila m2a | M N
group?
G (=22 18 |1 1 2 0 2 12 8 0
GU (n = 5) 5 10 0 0 0 0 2 3 0
DU@#=28 { 23 |0 1 3 1 3 10 15 0
GC (n=10) 8 |0 1 1 0 3 4 3 0
Total (» =| 54 |1 3 6 1 8 28 29 0
65)

* Abbreviations: G, gastritis; GU, gastric sleer; DU, duodenal uleer; GC, gastric cancer; n number
examined; M, multiple infections (either s or m subtypes); N, negative (either s or m sublypes).

PCR-RFLP analysis performed on specimens from 30 randomly selected subjects
revealed three different patterns following digestion of the amplified g4 gene

with the Haelll enzyme (Table 7). These patterns had no significant association

with clinical outcomes (220, 221).

Table 7. RFLP-PCR patterns of cagA gene in a representative group of

patients”
No. of patients
Pattern G G DU GC Total
No cut 4 1 5 1 11
I 4 1 7 1 13
I 0 0 4 0 4
III 1 1 0 0 2
Total 9 3 16 2 30
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7.3. Diversity of H. pylori vacA and cagA Genes and Relationship te VacA
and CagA Protein Expression, Cytotoxin Production, and Associated

Diseases

In 1997 Rudi et al. had taken a research study and the objectives of this study were
() to chatacterize the sacA alleles and analyze differences in the ag4 gene that are
present in German I, pylbri strains and (i) to correlate differences found within
these genes with VacA and CagA protein expression, in vitro cytotoxicity, and
clinical outcome.

Results:

Strain collection. Sixty-five strains wete isolated from H. pylri-positive patients

with dyspeptic symptoms. Endoscopic and histological examination revealed
gastritis in 43 patients, PUD in 19 patients (9 with gastric ulcers of the antrum and
10 with duodenal uicers), and gastric adenocarcinoma in 3 patients. In all patients
with gastdc uicers, moderate to severe aatral predominant chronic gastritis was
diagnosed histologically. Patients with duodenal ulcers presented with duodenitis
and, in some cases, with chronic antral gastritis. In six patients, two isolates were
obtained from the antrum and the corpus. For each of these patients, both isolates
showed identical features by PCR, Souther blotting, and Western blot analysis.

Determination of vacA genotypes and relationship to gastrointestinal
disease: ‘The s gene was detectable in all H. pybri isolates and the predicted
PCR products of either 201 or 228 bp were obtained from 64 (98.5%) of
65 isolates. Fifty-four (83.1%) of 65 strains yielded the smaller product,
reptesenting genotype s1, and 10 (15.4%) yielded the larger product, representing
genotype s2.
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Discussion:

H. pylori strains with the sacA signal sequence type sl were predominant in the
series of German H. pylri isolates, whereas strains with type s2 rarely occurred.
Cytotoxic H. pyleri strains with sac4d genotype s1 may occur more frequently in
such patients. zec4 genotype s1 was strongly associated with the presence of g
and was more frequent in patients with PUD (24). The difference between vacA
type s2 and type s1 leader sequences is generated by small inserts totaling 27 bp
(20). It has been hypothesized that strains with mec4 genotype s2 lack effective
secretion of VacA through the cytoplasmic membrane of the bacteria (222)
because of the use of nonconcentrated broth culture supematants for vacuolation

testing.

Subgroup analysis demonstrated that the »acA middle-region type was not
independently associated with the clinical outcome of H.pylri infection, the
presence of cggAd, or detectable cytotoxin activity. Almost half of the strains
contained the combination s1-m2, a finding which is different from the results
found in the United States (12) where the genotypes s1-m1 and s2-m?2 are more

commaon.

About 74% of all isolates were cgg4* by PCR, which is in agreement with the
results of other studies from Europe (60, 270, 275, and 277) The majority of the
patients with PUD (84%) were infected with agA4* strains in contrast to strains
isolated from patients with gastritis only, in whom 67% of the H. pylri strains were
cagA+ (271, 275).

In conclusion, H. pylré strains with the sac4 signal sequence type s1 and middle-
region allele m2 were predominant in German H. pyleri isolates. All combinations
of these zacA alleles occurred, with the exception of s2-m1. Type sl strains were

associated with peptic ulceration, presence of the azg4 gene, 1Vac4 expression, and



cytotoxin activity. Size variations in a distinct region of azg4 are common, but their
significance for clinical outcome needs further evaluation (215).

61



Chapter Eight

Discussions



Chapter Eight: Discussions

In 1979 Robin Warren, a pathologist in Perth, Western Australia, began to notice
that curved bacteria often were present in gastric biopsy specimens submitted for
histological examination. These organisms were not present within the gastric
mucosa but were present in the mucus layer overlying the tissue (160, 270). A
young trainee in internal medicine, Barry Marshall, became interested in Watren’s
observations, and together the two sought to isolate the organisms from biopsy
specimens. The first isolation of Hebwbacter pylori in 1982 by Marshall and Warren
(161) ushered in a new era in gastric microbiology. Although spiral organisms had
been observed in the gastric mucus layer many times in the preceding century, the
isolation of I pylor, in conjunction with increased interest in the pathogenesis of
gastroduodenal diseases, as well as the relatively frequent availability of clinical
specimens via endoscopic biopsy, has led to important breakthroughs in medical
care.

Marshall and Warren noted that H pylrs infection was associated with duodenal
ulceration (161), and this observation too was rapidly confirmed and extended to
include gastric ulceration. By 1994, a consensus conference convened by the
National Institutes of Health concluded that 1. pykr was a major cause of peptic
ulcer disease (174). A wide body of evidence had indicated that chronic gastrids is
linked to the development of adenocarcinoma of the stomach, the most important
gastric malignancy in the world (52). In 1994, the International Agency for Cancer
Research, an arm of the World Health Organization, reviewed the available
evidence and declared that H. pylri was a carcinogen of humans (14).

The natural course of infection with H. pylori is extremely variable. Most infected
individuals remain asymptomatic, and infection with 1. pyleri is not sufficient to
induce gastric cancer. Therefore, other factors — known bacterial and host
cofactors, and perhaps unknown cofactors — are required. Infection is typically
acquired early in life and is followed by a long quiescent phase when there is a
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chronic gastritis of variable intensity but with minimal symptoms. Only10%-15%
of individuals infected with H. pylor develops peptic ulcer disease, and the risk of
gastric cancer is estimated to be approximately 1%-3% (243). The intragastric
distribution and severity of this chronic inflammatory process depend on a variety
of factors, such as charactetistics of the colonizing strain, host genetics and
immune response, diet, and the level of acid production. Early investigations of
the differential pathogenic propetties of H. pylri strains indicated that this
increased pathogenicity correlated with the ability of more virulent strains to
induce motphological changes, vacuolization, and successive degeneration of
vitro-cultured cells (150). The 2 genetic lodi linked with virulence and inflammatory
responses that have been most studied are the zg locus (cqg Pathogenicity Island)
and the »acA (vacuolating cytotoxin) gene (194). H. pybri exhibit enormous genetic
variation, resulting mainly from extensive recombination between H. pylri strains
(97, 238). For many strain comparisons, this has led to complete linkage
equilibrium between genes and also (uniquely among bacteria) between loci within
genes (98). Sequence analyses of s alleles from different H. pylord strains have
shown that there are more pronounced differences between alleles in some regions
of the gene than in others (19, 57); for example, a region near the 5'end of the
gene is relatively well conserved between alleles. The portion of A that exhibits
mazimum diversity in an ~800-bp “mid region”, which encodes part of the 58
kDa domain of VacA (19, 22). In contrast to the region near the 5" end of meA,
sequences from the mid region can be phylogenetically divided into two families of
alleles, termed m1 and m2. Aside from the s2c4 mid region, various other smaller
regions differ matkedly between #acA alleles. In particular, the “signal region”,
encoding part of the amino-terminal signal peptide and the amino terminus of the
processed toxin, exhibits striking diversity between strains (19). Two main allelic
families of signal regions are recognized, termed sl and s2, and the s1 type can be
further subdivided into sla, slb, and slc (19, 258). As a result of extensive
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recombination among wacA alleles, all combinations of signal and mid regions can
theoretically arise (sla / m1, sib / m1, slc / m1, sla /m2, etc) (169, 271).

Differences between vacA alleles from many F. pylri strains can not cause cell
vacuolation ## vifro, despite all strains having a copy of the toxin gene sac4 (19, 57).
Nonsense mutation in sac4 alleles have been detected, especially in Japan (126),
and these account for absence of toxin activity in some H. pylbri strains. However,
most westetn isolates of H. pylri express full-length VacA proteins (25), and for
such strains, zac4 genotype is a major determinant of vacuolating activity. VacA
proteins with a type s2 signal sequence undergo amino-terminal signal peptide
cleavage at a different site to VacA proteins with a type s1 signal sequence (27). As
a consequence, secreted type s2 VacA has a hydrophilic amino terminus, which
has been shown to block toxin activity (145). Type s1 / m1 VacA proteins are
active on a wide vatiety of epithelial cell lines, whereas at least some tested type sl
/ m2 VacA proteins, although active on primary gastric epithelial cells and RK-13
cells, are minimally active on Hela cells (185). Further variations among signal and
mid regions beyond the s1 / s2 and mil/ m2 divisions have not yet been
demonstrated to affect VacA toxicity. Most studies from outside Asia have shown
that sacA s2 strains are less commonly associated with peptic ulceration or gastric
carcinoma than sl strains (19, 23, 30, 74, 76, 107, and 131). It is still unclear
whether sacA s2 strains are entirely nonulcerogenic. Functional ag PAI encodes a
type IV secretion system that translocates CagA (which is also encoded by the agg
PAI) into gastric epithelial cells. Once internalized, tyrosine residues of CagA are
phosphorylated by SRC family kinases, and phosphotylated CagA then activates
SRC-homology 2 domain—containing protein tyrosine phosphatase 2 (SHP2) and
ERK. This process results in morphological derangement of epithelial cells (111,
195, and 249). On the basis of differences in their tyrosine phosphorylation motifs
(TPMs), researchers have suggested that distinct CagA proteins have different
biological activities (110). These differences in the TPMs of CagA proteins from
strains of H. pylori isolated in different parts of the world might explain, in part, the



marked differences in gastric cancer noted in these different geographic regions.
Because of the close genetic association between the s sl signal type and
presence of the cag Pal, it is possible that one is metely a marker for the other,
although it is equally possible that both are important for disease. A third potential
virulence determinant is the blood group antigen binding adhesion, BabA. The
babA gene, like vacA, is polymorphic, and one allelic type, babA2, is disease
associated (95). Use of all three matkers (pacA s1, cag, babA2) is a better predictor
of pathogenic potential than use of one or two. Two studies have shown an
association of type m1 strains with gastric adenocarcinoma (133, 255). Intriguingly,
neatly all strains from Japan are sacd s1 /m1 (216, 226, 283), the most toxic type,
making it interesting to speculate that toxicity may contribute to the high
prevalence of gastric adenocarcinoma in Japan. Additionally many adhesions and
outer membrane proteins have their putative role in the pathogenesis of H. pylor:
infection. They are BabA (HopS), OipA (HopH), SabA (HopP), iw A, 0638
gene, AlpA, AlpB, HP-NAP, plasticity region, DupA and lipopolysaccaride (189).

The mechanisms undedying H. pylri induced peptic ulceration and gastric
adenocarcinoma are unclear. Inflammation, direct toxic activity, or both could be
important. The level of inflammation in the gasttic mucosa is associated with zzc4
signal type (s1>s2). Gastric epithelial damage is also associated with #acA4 signal
type, but one study has shown a further association with sc4 mid region type
(m1>m2) (23, 100).

A variety of tests are now available to diagnose H. pylri infection. Histological
examination of gastric tissue, bacterial culture, rapid urease testing, fecal occult
blood test, esophagogastroduodenoscopy, endoscopic ultrasound, use of DNA
probes, and PCR analysis (252).

Based on the molecular pathology, it is possible to improve the quality of
histopathological diagnosis by analyzing genetic and epigenetic alterations.
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Undertstanding the structure and function of gastric cancer-associated genes is
fundamental for establishing methods of gastric cancer diagnosis and
quantification of an individual’s risk of the disease. More and more molecular
diagnostic markers are being identified to aid in the diagnosis of gastric cancer,
e.g., pb3, APC, and CD44 have been used as markers for differential diagnosis;
epidermal growth factor receptor (EGFR), c-met, and c-ertbB2 have been used as
markers for the degree of malignancy; and MSI has been used as a marker for the
screening of genetic instability (285).

MSI causes accumulation of genetic alterations and has been recognized as one of
the ecarliest changes in gastric carcinogenesis. Researchers have found that
inactivation of the p53 and APC genes in early gastric cancer can be used for early
detection, wheteas the amplification and overexpression of c-met, K-sam, c-etbB2,
and cyclin E, and the overexpression of growth factors are indicatorsof high-grade
tumors (285). Recently, an increasing number of technologies, such as laser
microdissection, have become available for gastric cancer diagnosis. In addition,
the DNA microarray technique is a powerful tool for identifying novel genes that
participate in the development and progression of gastric cancer (285). Using
cDNA microarray analysis, the expression of hundreds of potential molecular
markers can be evaluated in a shott period of time (92, 112), in contrast with the
current capability to assay only a single or few molecules. For example,
Boussioutas and colleagues (40) have recently shown some exciting results on the
expression signatures that ate characteristic of premalignant gastric mucosa or

gastric cancets.
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Chapter Nine: Conclusion

Gastric cancer is a malignant disease occurs in the stomach. The aim of this
exertion is to attain knowledge regarding pathogenesis of H. pylori infection, with
highlighting on its molecular biological aspects. This review endow with the role of
H. pylori in gastroduodenal disease. The intragastric distribution and severity of this
chronic inflaimmatory process depend on a vanety of factors, such as
characteristics of the colonizing strain, host genetics and immune response, diet,
and the level of acid production. Early investigations of the differential pathogenic
properties of H. pyloré strains indicated that this increased pathogenicity correlated
with the ability of more virulent strains to induce morphological changes,
vacuolization, and successive degeneration of # »itrv cultured cells. Strain-to-strain
genetic variability in bacterial virulence factors such as #ac4 and g4 not only
affects the ability of the organism to colonize and cause disease but also affects
inflammation and gastric acid output. In the continuous interactions with the host,
the bacteria are able to adapt by mutations and DNA rearrangements, rendering
novel genotypes. On the host side, variations in the host immune response to the
chronic presence of H. pylori directly impact H. pylori-associated gastric disease and
affect gastric acid output and thereby the density and location of H. pylri cells.
Additionally many adhesions and outer membrane proteins have their presumed
role in the pathogenesis of H. pybri infection. They are BabA (HopS), OipA
(HopH), SabA (HopP), i A, hp0638 gene, AlpA, AlpB, HP-NAP, plasticity
region, DupA and lipopolysaccaride. Infection with H. pybri strains containing
babA2, cagA, and pacA S1 confers the highest risk of gastric cancer.

Further the functions of the unknown genes in H. pyloré will be greatest challenge.
It seems likely that these orphan genes encode many of the phenotypic
characteristics that allow H. pylri to function and thrive in the hostile gastric

environment.

67



4.

Reference

Achtman, M., and S. Suerbaum. 2000. Sequence varation in
Helicobacter pylori. Trends Mierobiol. 8:57-58.

Alexandet, M., M. Stolte. 1998. Heliwbactzr pylort and Gastric Cancer.
The Oncologist. 3:124-128.

Allen, L. A. 2001. The role of the neutrophil and phagocytosis in
infection caused by Helicobacter pylori. Curr. Opin. Infect. Dis. 14:273-277.
Allen, P. 2001. What are the story H. pyloni? Lancet 357:694.

Allen, L. A., Schlesinger, L. S., and Kang, B. 2000. Virulent strains of
Helicobacter  pylori demonstrate delayed phagocytosis and  stimulate
homotypic phagosome fusion in macrophages. J. Exp. Med. 191:115-128.
Alm, R. A, and T. J. Trust. 1999. Analysis of the genetic diversity of
Heltcobacter pylori-the tale of two genomes. J. Mol Med. 77:834-846.

Alm, R. A, L. L. Ling, D. T. Moir, B. L. King, E. D. Brown, Q.
Jiang, P. C. Doig, D. R. Smith, B. Noonan, B. C. Guild, B. L.
deJonge, G. Carmel, P. J. Tummino, A. Caruso, M. Uria-Nickelsen,
D. M. Mills, C. Ives, D. Merberg, S. D. Milis, D. E. Taylor, G. F.
Vovis, and T. J. Trust. 1999. Genomic sequence comparison of two
unrelated isolates of the human gastric pathogen Helcobacter pylor. Nature
397:186-190.

Alm, R. A, L. S. Ling, D. T. Moir, B. L. King, E. D. Brown, P. C.
Doig, D. R. Smith, B. Noonan, B. C. Guild, B. L. dejonge, G.
Carmel, P. J. Tummino, A. Caruso, M. Uria-Nickelsen, D. M.
Mills, C. Ives, R. Gibson, D. Merberg, S. D. Mills, Q. Jiang, D. E.
Taylor, G. F. Vovis, and T. J. Trust. 1999. Genomic-sequence
comparison of two unrelated isolates of the human gastric pathogen
Helicobacter pylori. Natsre 397:176—180.

68



9.

10.

14.

Alm, R. A_, L. S. Ling, D. T. Moir, B. L. King, E. D. Brown, P. C.
Doig, D. R. Smith, B. Noonan, B. C. Guild, B. L. deJonge, G.
Carmel, P. J. Tummino, A. Caruso, M. Uria- Nickelsen, D. M.
Mills, C. Ives, R. Gibson, D. Merberg, S. D. Mills, Q. Jiang, D. E.
Taylor, G. F. Vovis, and T. J. Trust. 1999. Genomic sequence
comparison of two untrelated isolates of the gastric pathogen Helwbacter
pyleri. Natwre. 396:190-200.

Alm, R, A, Ling, L. S., Moir, D. T, King, B. L., Brown, E. D.,
Doig, P. C., Smith, D. R., Noonan, B., Guild, B. C., deJonge, B. L.,
et al. (1999). Genomic-sequence comparison of two unrelated isolates of
the human gastric pathogen Heliwbacter pylori. Nature 397, 176-180.
Amenmiya, H., Kono K., Mori, Y., Takahashi, A., Ichihata, F.,
Iizuka, H. et al. 2000. High frequency of ~Me# expression in gastric
cancers producing alpha- fetoprotein. Oncology. 59:145 51.

Ando, T., D. A. Israel, K. Kusugami, and M. J. Blaser. 1999.
HPO333, a member of the dprA family, is involved in natural
transformation in Helioobacter pylori. J. Bacteriol, 181:5572-5580.
Anonymous. 1994. Live flukes and Helwbacter pylori. TARC Working
Group on the Evaluation of Carcinogenic Risks to Humans, Lyon, 7-14
June 1994. IARC Monogr. Eval, Carcinog. Risks Hum. 61: 1-241.
Anonymous. 1994. Schistosomes, liver flukes and Helwbacter pylori.
IARC Monogr. Eval. Carcinog. Risks Hum. 61z 1-255.

Appelmelk, B. J., L. van Die, S. J. van Vliet, C. M. Vandenbroucke-
Grauls, T. B. Geijtenbeek, and Y. van Kooyk. 2003. Cutting edge:
catbohydrate profiling identifies new pathogens that interact with
dendritic cell-specific ICAM-3-grabbing nonintegrin on dendntic cells. J.
Immunol. 170:1635-1639.

69



16.

17.

19.

Aras, R.A., et al. 2003. Plasticity of repetitive DNA sequences within a
bacterial (type IV) secretion system component. J. Exp. Med 198:1349—
1360.

Arthur, V., J. Sherman., D. Luciano. 1997. Human Physiology (224
edition).

Asahi, M., T. Azuma, S. Ito, Y. Ito, H. Suto, Y. Nagai, M.
Tsubokawa, Y. Tohyama, S. Maeda, M. Omata, T. Suzuki, and C.
Sasakawa. 2000. Helicobacter pylori CagA protein can be tyrosine
phosphorylated in gastric epithelial cells. J. Exp. Med 191:593—602.
Aspholm-Hurtig, M., Dailide, G., Lahmann, M., Kalia, A., Iiver, D.,
Roche, N., Vikstrém, S., Sjostrom, R, Lindén, S., Bickstrom, A., e
al 2004. Functional Adaptation of BabA, the H. pylbri ABO Blood
Group Antigen Binding Adhesin. Saenc vol: 305, pp: 519-522.

Atherton, J. C., P. Cao, R. M. Peek, Jr., M. K. Tammuru, M. ].
Blaser, and T. L. Cover. 1995. Mosaicism in vacuolating cytotoxin
alleles of Hedicobacter pylori. Association of specific vacA types with
cytotoxin production and peptic ulceration. J. Biol Chemr. 270: 17750~
17758.

Atherton, J. C., P. Cao, R. M. Peek, Jr.,, M. K. Tummutu, M. J.
Blaser, and T. L. Cover. 1995. Mosaicism in vacuolating cytotoxin
alleles of Heficobacter pylori. Association of spedfic vacA types with
cytotoxin production and peptic ulceration. J. Brol Chem. 270:17771—
17771.

Atherton, J. C., P. Cao, R. M. Peek, Jr., M. K. Tumurru, M. J.
Blaser, and T. L. Cover. 1995. Mosaicism in vacuolating cytotoxin
alleles of Helicobacter pylori: association of specific meAd types with
cytotoxin production and peptic ulceration. J. Biol Chem. 270:17791-
17797.

70



Atherton, J. C., P. M. Sharp, T. L. Cover, G. Gonzalez-Valencia, R.
M. Peek, Jr., S. A. Thompson, C. J. Hawkey, and M. J. Blaser. 1999.
Vacuolating cytotoxin alleles of Hebwbacter pylori comprise two
geographically widespread types, m1 and m2, and have evolved through
limited recombmation. Carr. Microbiol: 39: 211-218.

Atherton, J. C., R. M. Peek, Jr., K. T. Tham, T. L. Cover, and M. J.
Blaser. 1997. Clinical and pathological importance of heterogeneity in
vacA, the vacuolating cytotoxin gene of Heleobacter pylori. Gastroenterology
112:52-59.

Atherton, J. C., R. M. Peck, K. T. Tham, T. L. Cover, and M. ]J.
Blaser. 1997. Clinical and pathological importance of heterogeneity in
vacA, the vacuolating cytotoxin gene of Helicobacter pylori. Gastroenterology
112:92-99.

Atherton, J. C., T. L. Cover, R. J. Twells, M. R. Morales, C. J.
Hawkey, and M. J. Blaser. 1999. Simple and accurate PCR-based
system for typing vacuolating cytotoxin alleles of Helwbacter pylor:. J. Clin.
Microbiol. 37:2979-2982.

Avenaud, P., A. Marais, I.. Monteiro, B. Le Bail, P. Bioulac Sage,
C. Balabaud, and F. Megraud. 2000. Detection of Heloobacter species in
the liver of patients with and without primary liver carcinoma. Cancer
89:1431-1439.

Backhed, F., B. Rokbi, E. Torstensson, Y. Zhao, C. Nilsson, D.
Seguin, S. Normark, A. M. Buchan, and A. Richter-Dahffors. 2003.
Gastric mucosal recognition of Helicobacter pylori is independent of Toll-
like receptor 4. [. Infect. Dis. 187:829-836.

Bamford, K.B., et al. 1998. Lymphocytes in the human gastric mucosa
during Helicobacter pylori have a T helper cell 1 phenotype. Gastroenterology.
114:482-492.

71



3L

32.

35.

37.

Basso, D., F. Navaglia, L. Brigato, M. G. Piva, A. Toma, E. Greco,
F. Di Mario, F. Galeotti, G. Roveroni, A. Corsini, and M. Plebani.
1998. Analysis of Hekcowbacter pylori vacA and cagA genotypes and serum
antibody profile in benign and malignant gastroduodenal diseases. Gut
43:182-186.

Beales, L. L. P, J. E. Crabtree, D. Scunes, A. Covacci, and J. Calam.
1999. Occurrence of Hekewbacter pylori in surface water in the United
States. J. Appl Microbiol. 87:697-701.

Beales, I. L. P, J. E. Crabtree, D. Scunes, A. Covacci, and J. Calam.
1996. Antibodies to CagA protein are associated with gastric atrophy in
Helicobacter pylori infection. Exr. |. Gastroenterol Hepatol. 8:645.

Becker KF, Keller G, Hoefler H. 2000. The use of molecular biology
in diagnosis and prognosis of gastric cancer. Surg Oncol. 9:5-11.
Bergman, M. P., A. Engering, H. H. Smits, S. J. van Vliet, A. A. van
Bodegraven, H. P. Wirth, M. L. Kapsenberg, C. M.
Vandenbroucke-Grauls, Y. van Kooyk, and B. J. Appelmelk. 2004.
Helicobacter pylori modulates the T helper cell 1/T helper cell 2 balance
through phase-varable interaction between lipopalysaccharide and DC-
SIGN. J. Exp. Med. 200:979-990.

Bijlsma, J. J., A. L. M. Lie, I. C. Nootenboom, C. M.
Vandenbroucke- Grauls, and J. G. Kusters. 2000. Identification of loct
essential for the growth of Hekwbacter pylori under acidic conditions. J.
Infect. Dis. 182: 1566~1569.

Blaser, M. J. & Atherton, J. C. 2004. Hefwbacter pylori persistence:
biology and disease. J. Cln. Invest. 113, 321-333.

Boneca, I. G., H. de Reuse, J. C. Epinat, M. Pupin, A. Labigne,
and I. Moszer. 2003. A revised annotation and comparative analysis of
Helicobacter pylori genomes. Nuclete Acids Res. 31:1704-1714.

72



38.

39.

41.

42.

43.

45.

Borén, T., Falk, P., Roth, K. A., Larson, G. & Normark, S. 1993.
Attachment of Helicobacter pylori to human gastric epithelivm mediated by
blood group antigens. Saence 262:1892-1895.

Boren, T., P. Falk, K. A. Roth, G. Larson, and S. Normark. 1993.
Attachment of Helicobacter pylori to human gastric epithelium mediated by
blood group antigens. Saeme 262:1880-1885.

Boren, T., P. Falk, K. A. Roth, G. Larson, and S. Normark., 1993.
Avtachment of Helicobacter pylori to human gastric epithelium mediated by
blood group antigens. Saence 262:1842-1855.

Boussioutas, A., Li. H., Liu, J., Waring, P., Lade, S., Holloway, A.
J-s et al. 2003. Distinctive patterns of gene expression in premalignant
gastric mucosa and gastric cancer. Cancer Res. 63:2569-77.

Brito, M. ]., Williams, GT., Thompson, H., Filipe, MI. 1994
Expression of p53 in early (T'1) gastric carcinoma and precancerous
adjacent mucosa. Gut. 35:1697-700.

Brown, L. M., T. L. Thomas, J. L. Ma, Y. S. Chang, W. C. You, W.
D. Liu, L. Zhang, and M. H. Gail. 2001. HeZeobacter pylori infection in
rural China: exposure to domestic animals during childhood and
adulthood.Scand. J. Infect. Dis. 33:686-691.

Brown, L. M., T. L. Thomas, J. 1.. Ma, Y. S. Chang, W. C. You, W.
D. Liw,L. Zhang, D. Pee, and M. H. Gail. 2002. Helcobacier pylori
infection in rural China: demographic, lifestyle and environmental
factors. Int. J. Epidemiol 31:638-645.

Burne, R. A, and Y. M. Chen. 2000. Bacterial ureases in infectious
discascs. Microbes Infect. 2:533-542.

Candidus S, Bischoff P, Becker KF, Hofler H. 1996. No evidence
for mutations in alpha and betacatenin genes in human gastric and
breast carcinomas. Cancer Res. 56:49-52.

73



47.

49.

51.

Carneiro, F., Sobrinho-Simoes, M. 2000. The prognostic significance
of amplification and overexpression of c-met and c-eth B-2 in human
gastric carcinomas. Cancer. 88:238-40.

Chamaillard, M., S. E. Girardin, J. Viala, and D. J. Philpott. 2003.
Nods, Nalps and Naip: intracellular regulators of bactenal-induced
inflammation. Cell. Miavbrol. 5:581-592.

Chan, AO, Luk, J. M., Hui, W. M., Lam, S. K. 1999. Molecular
biology of gastric carcinoma: from laboratory to bedside. | Gasiroenters!
I leparol14:1150-60.

Chen, W., D. Shu, and V. S. Chadwick. 2001. Hebowbacter pylori
infection: mechanism of colonization and functional dyspepsia. Reduced
colonization of gastric mucosa by Heliobacter pylori in mice deficient in
intetleukin-10. J. Gastroenterol. Hepatol. 16:377—-383.

Christie, P. J., and J. P. Vogel. 2000. Bactenal type IV secretion:
conjugation systems adapted to deliver effector molecules to host cells.
Trends Microbiel. 8:354-3060.

Contreras, M., J. M. Thiberge, M. A. Mandrand-Berthelot, and A.
Labigne. 2003. Characterizaton of the roles of NikR, a nickel-
responsive pleiotropic autoregulator of Hebwbacter pylori. Mol. Microbiol
49:947-963.

Correa, P. 1992, Human gastric carcinogenesis: a multistep and
multifactorial process-first American Cancer Society Award lecture on
cancer epidemmiology and prevention. Cancer Res. 52: 6735-6740.
Covacci, A., S. Censini, M. Bugnoli, R. Petracca, . Burroni, G.
Macchia, A. Massone, E. Papini, Z. Xiang, N. Figura, and R.
Rappuoli. 1993. Molecular characterization of the 128kDa
immunodominant antigen of Helicobacter pylori associated with cytotoxicity
and duodenal ulcer. Proc. Natl Acad. Sa. USA 90:5791-5795.

74

<



55.

57.

58.

59.

61.

Cover, T. L. 1996. The vacuolating cytotoxin of HeZwbacter pylori. Mol.
Microbiol 20:241-246.

Cover, T. L., and M. ]. Blaser. 1992. Purification and charactetization
of the vacuolating toxin from Helicobacter pybors. J. Biol Chem. 267:10570—
10575.

Cover, T. L., and S. R. Blanke. 2005. Heliobacter pylori VacA, a
paradigm for toxin multiimctionality. Nat. Rev. Microbiol. 3:320-332.
Cover, T. L., L. Y. Reddy, and M. J. Blaser. 1993. Effects of ATPase
inhibitors on the response of Hel.a cells to Helicobacter pylori vacuolating
toxin. Infect. Immun. 61:1427-1431.

Cover, T. L., P. 1. Hanson, and ]J. E. Heuser. 1997. Aad-induced
dissodiation of VacA, the Hedicobacter pylori vacuolating cytotoxin, reveals
its pattern of assembly. J. Cell Biol 138:759-769.

Cover, T. L., U. S. Krishna, D. A. Israel, and R. M. Peek, Jr. 2003.
Induction of gastric epithehal cell apoptosis by Helicobacter pylori. Cancer
Res. 63:951-957.

Crabtree, J. E., N. Figura, ]J. D. Taylor, M. Bugnoli, D. Armellini,
and D. S. Tompkins. 1992. Expression of 120 kilodalton protein and
cytotoxicity in Heliwbacter pylori. |. Clin. Pathol 45:733-734.

Czernizk, B., Herz, F., Gorczyca, W., Koss, L. G. 1989. Expression
of ras oncogene p21 protein in eatly gastric carcinoma and adjacent
gastric epithelia. Cancer. 64:1467-73.

de Bemnard, M., B. Arico, E. Papini, R. Rizzuto, G. Grandi, R.
Rappuoli, and C. Montecucco. 1997. Hekobacler pylori toxin VacA
induces vacuole formation by acting in the cell cytosol. Mol Micrvbiol.
26:665-674.

de Jonge, R., J. G. Kusters, M. S. Timmer, V. Gimmel, B. J.
Appelmelk, S. Bereswill, A. H. M. van Vliet, S. G. Meuwissen, M.
Kist, C. M. Vandenbroucke- Grauls, and E. J. Kuipers. 2001. The

75



67.

69.

70.

72.

role of Heliwbacter pylori virdlence factors in interdeukin production by
monocytic cells. FEMS Microbiol. 1 1. 196:235-238.

Doig, P., B. L. deJonge, R. A. Alm, E. D. Brown, M. Urda-
Nickelsen, B. Noonan, S. . Mills, P. Tummino, G. Carmel, B.C.
Guild, D. T. Moir, G. F. Vovis, and T. J. Trust. 1999. Hefwbacier pylori
physiology predicted from genomic companson of two strains. Microbiol,
Mol Biol Rev. 63:675-707.

Dore, M. P, A. R. Sepulveda, H. El-Zimaity, Y. Yamaoka, M. S.
Osato, K. Mototsugu, A. M. Nieddu, G. Realdi, and D. Y. Graham.
2001. Isolation of Helicobacter pylori from sheep—implications for
transmission to humans. Am. J. Gastroenterol. 96:1396-1401.

Dubnau, D. 1999. DNA uptake in bacteria. Annu. Rev. Microbiol 53:217-
244.

Dubois, A., et al. 1996. Transient and persistent experimental infection
of non-human primates with Hefawbacter pylors. implications for human
disease. Infect. Immun. 64:2885-2891.

Ebert, M. P., Fei, G., Kahmann, S., Muller, O., Yu. J. Sung, J. ], et
al. 2002. Increased beta catenin mRNA levels and mutational alterations
of the APC and betacatenin gene are present in intestinal-type gastric
cancer. Cardnogeresis. 23:87-91.

Edwards, N. J., M. A. Monteiro, G. Faller, E. J. Walsh, A. P.
Moran, 1. S. Roberts, and N. J. High. 2000. Lewis X structutes in the
O antigen sidechain promote adheston of Hefobacter pylori to the gastric
epithelium. Mol. Microbiol. 35:1530-1539.

El-Rifai, W., Powell, 5. M. 2002. Molecular biology of gastric cancer.
Semin Radiat Oncol. 12:128-40.

Enroth, H., and L. Engstrand. 1995. Immunomagnetic separation and
PCR for detection of Helicobacter pylori in water and stool specimens. J.
Clin. Microbiol, 33:2162-2165.

76




74.

75.

76.

78.

79.

Enroth, H., K. Wreiber, R. Rigo, D. Risberg, A. Usibe, and L.
Engstrand. 1999. In vitro aging of Hefcobacter pylori: changes in
morphology, intracellular composttion and surface properties. Heleobacter
4:7-16.

Evans, D. G,, and D. J. Evans, Jr. 1995. Adhesion properties of
Helicobacter pylori. Methods Engymol. 253:336-360.

Evans, D. G., D. M. Queiroz, E. N. Mendes, and D. J. Evans, Jr.
1998. Helicobacter pylori cagA status and s and m alleles of vacA in isolates
from individuals with a variety of H. pylori —associated gasttic diseases. J.
Clin. Microbiol. 36:3435-3437.

Evans, D. J., D. M. Queiroz, E. N. Mendes, and D. G. Evans. 1998.
Diversity in the variable region of Helowbacter pylori cagA gene involves
more than simple repetiion of 2 102 nucleotide sequence. Biocher:.
Biophys. Res. Commun. 245:780-784.

Fallone, C. A., A. N. Barkun, M. U. Gottke, L. M. Best, V. G. Loo,
S. Veldhuyzen van Zanten, T. Nguyen, A. Lowe, T. Fainsilber, K.
Kouri, and R. Beech. 2000. Association of Helzoobacter pylori genotype
with gastroesophageal reflux disease and other upper gastrointestinal
diseases. Am. J. Gastroenterol. 95:659-669.

Falush, D., C. Kraft, N. S. Taylor, P. Correa, J. G. Fox, M.
Achtman, and S. Suerbaum. 2001. Recombinatton and mutation during
long-term gastric colonization by HeZwbacter pylori: estimates of clock
rates, recombination size, and minimal age. Proc Natl Acad. Sd. USA
98:15056-15061.

Falush, D., T. Wirth, B. Linz, J. K Pritchard, M. Stephens, M.
Kidd, M. ]. Blaser, D. Y. Graham, S. Vacher, G. 1. Perez-Perez, Y.
Yamaoka, F. Megraud, K. Otto, U. Reichard, E. Katzowitsch, X.
Wang, M. Achtman, and S. Suerbaum. 2003. Traces of human
migrations in Hefcobacter pyleri populations. Scenee 299:1582—1585.

77



87.

Fenoglio-Preiser CM, Wang. J, Stemmetmann, G. N., Noffsinger,
A. 2003. 'T'P53 and gastric carcinoma: a review. Hum Mutat. 21:258-70.
Fiedozrek, S. C., H. M. Malaty, D. L. Evans, C. L. Pumphrey, H. B.
Casteel, D. J. Evans, Jr., and D. Y. Graham. 1991. Factors influencing
the epidemiology of Helicobacler pylori infection in children. Pediatrics
88:578-582.

Figura, N., P. Guglielmetti, A. Rossolini, A. Barberi, G. Cusi, R. A.
Musmanno, M. Russi, and S. Quaranta. 1989. Cytotoxin production
by Campylobacter pylori strains isolated from patients with peptic ulcers and
from patients with chronic gastritis only. J. Clin. Microbiol. 27:225-226.
Fiocca R, Luinetti O, Villani L, Mastracci L, Quilici P, Grillo F, et
al. 2001. Molecular mechanisms involved in the pathogenesis of gastric
carcinoma: interactions between genetic alterations, cellular phenotype
and cancer histotype. Hepatogastroenterology. 48:1523--30.

Fischer, W., ]J. Puls, R. Buhrdotf, B. Gebert, S. Odenbreit, and R.
Haas. 2001. Systematic mutagenesis of the Helicobacter pylorni cag
pathogenicity island: essential genes for CagA translocation in host cells
and induction of interleukin-8. Mo/ Microbiol. 42:1337—1348.

Fitchen, N., D. P. Letley, P. O’Shea, J. C. Atherton, P. Williams,
and K. R. Hardie. 2005. All subtypes of the cytotoxin VacA adsorb to
the surface of Helcobacter pylori post-secretion. J. Med Microbiol 45:1448-
142.

Fox, J. G. 2002. The non-H. Pylbri helicobacters: their expanding role in
gastrointestinal and systemic diseases. Gas 50:273-283.

Fox, J. G., C. A. Dangler, W. Sager, R. Botkowski, and J. M.
Gliatto. 1997. Heliwbacter mustelac-associated gastric adenocarcinoma in
ferrets (Mustela patorius furv). Vet. Pathol. 34:225-229.

Galmiche, A,, ]J. Rassow, A. Doye, S. Cagnol, J. C. Chambard, S.
Contamin, V. de Thillot, I. Just, V. Riceci, E. Solcia, E. Van

78



93.

95.

Obberghen, and P. Boquet. 2000. The N-terminal 34 kDa fragment of
Helicobacter pylori vacuolating cytotoxin targets mitochondra and
induces cytochrome c release. EMBO [.19:6361-6370.

Garner, J. A., and T. L. Cover. 1995. Analysis of genetic diversity in
cytotoxin producing and non cytotoxin producing Hekwbacter pylori
strains. J. Infea. Dis. 172:290-293.

Gebert, B., Fischer, W., Weiss, E., Hoffmann, R., and Haas, R.
2003. Helicobacter pylori vacuolating cytotoxin inhibits T lymphocyte
activatton. Sdemce. 301:1099-1102.

Geidjtenbeek, T. B., D. S. Kwon, R. Torensma, S. J. van Vliet, G. C.
van Duijnhoven, J. Middel, 1. L. Comelissen, H. S. Nottet, V. N.
KewalRamani, D. R. Litman, C. G. Figdor, and Y. van Kooyk.
2000. DC-SIGN, a dendritic cell-specific HIV-1-binding protein that
enhances trans-infection of T cells. Cell 100:587-597.

Genta, R. M. 2002. Review article: after gastritis—an imaginary journey
into a Helicobacter-free world. Alimnent. Phatmacol. Ther. 16 Suppl. 4): 89—
94.

Gerhard, M., Lehn, N., Neumayer, N., Borén, T., Rad, R., Schepp,
W., Miehlke, S., Classen, M. & Prinz, C. 1999. Clinical relevance of
the Helicobacter pylori gene for blood-group antigen-binding adhesion. Proc.
Natl. Acad. Sci. USA 96, pp: 12728-12733.

Gethard, M., N. Lehn, N. Neumayer, T. Boren, R. Rad, W.
Schepp, S. Michlke, M. Classen, and C. Prinz. 1999. Clinical
relevance of the Helicobacter pylori gene for blood-group antigen-binding
adhesin. Proc. Natl Acad. Sci. USA 96:12737-12750.

Gerhard, M., N. Lehn, N. Neumayer, T. Boren, R. Rad, W.
Schepp, S. Miehlke, M. Classen, and C. Prinz. 1999. Clinical
relevance of the Helicobacter pyloré gene for blood-group antigen-binding
adhesion. Proc Natl Acad. Sci. USA 96:12778-12783.

79



100.

101.

102.

103.

Go, M. E., and D. Y. Graham. 1996. Presence of the agA gene in the
majority of Helicobacter pylori strains is independent of whether the
individual has duodenal ulcer or asymptomatic gastritis. Helwbacter
1:107-111.

Goodman, K. J., and P. Correa. 2000. Transmission of Hekcobacter pylori
among siblings. Lances 355:358-362.

Gottke, M. U,, C. A. Fallone, A. N. Barkun, k. Vogt, V. Loo, M.
Trautmann, J. Z. Tong, T. N. Nguyen, T. Fainsilber, H. Hahn, J.
Korber, A. Lowe, and R.N. Beech. 2000. Geneic varability
determinants of Helcobacter pylori: Influence of clinical background and
geographic origin of isolates. J. Infect. Dis. 181: 1674-1681.

Guiney, D. G., P. Hasegawa, and S. P. Cole. 2003. HeZobacter pylori
preferentially induce interleukin 12 (IL-12) rather than IL-6 ot IL-10 in
human dendritic cells. Infect. Immun. 71:4163—4166.

Gunn, M. C,, J. C. Stephens, J. A. Stewart, B. J. Rathbone, and K. P.
West. 1998. The significance of cagA and vacA subtypes of Hekwbacter
Pyleri in the pathogenesis of inflammation and peptic ulceration. J. Cin.
Pathol. 51:761-764.

Ha, N. C,, S. T. Oh, J. Y. Sung, K. A. Cha, M. H. Lee, and B. H.
Oh. 2001. Supramolecular assembly and acid resistance of Helbacter
pylori urease. Nat. Struct. Biol. 8:505-509.

Halling, K. C., Harper, }J., Moskaluk, C. A., Thibodeau, S. N,
Petroni, G. R., Yustein, A. S. et al. 1999. Origin of microsatellite
instability in gastric cancer. A | Pathol 155:205-11.

Hamlet, A., A. C. Thoteson, O. Nilsson, A. M. Svennerholm, and
L. Olbe. 1999. Duodenal Heliwobadter pylori infection differs in cagA
genotype between asymptomatic subjects and patients with duodenal
ulcers. Gasirventerology 116:259—-268.

80



104.

105.

107.

108.

109.

110.

111,

Han, S. R., H. ]. Schreiber, S. Bhakdi, M. Loos, and M. J. Maeurer.
1998. vacA genotypes and genetic diversity in clinical isolates of
Helicobacter pylors. Clin. Diagn. Lab. Immsnol. 5:139-145.

Hanna, N. N., Mentzer, R. M. Jr. 2003. Molecular genetics and
management strategies in hereditary cancer syndromes. | Ky Med Assoc.
101:100-7.

Hara, T., Ooi, A., Kobayashi, M., Mai, M., Yanagihara, K.,
Nakanishi, I. 1998. Amplification of c-myc, K-sam, and c-met m
gastric cancers: detection by fluorescence i situ hybridization. Iab Tnvest.
8:1143-53.

Hayden, J. D., Martin, I. G., Cawkwell, L., Quirke, P. 1998, The
role of microsatellite instability in gastric carcinoma. Gt 42:300-3.
Heneghan, M. A, Moran, A. P., Fecley, K. M., Egan, E. L.,
Goulding, J., Connolly, C. E. & McCarthy, C. F. 1998. Effect of host
Lewis and ABO blood group antigen expression on Helicobacter pylori
colonisation density and the consequent inflammatory response. FEMS
LImmunol. Med. Microbiol. 20: 257-266.

Hennig, E. E, M. M. Godlewski, E. Butruk, and J. Ostrowski.
2005. Hekcobacter pylori VacA cytotoxin interacts with fibronectin and
alters Hela cell adhesion and cytoskeletal ofganization in vitro. FEMS
Lmunol Med. Microbiol. 44:143--150.

Herbarth, O., P. Krumbiegel, G. J. Fritz, M. Richter, U. Schlink, D.
M. Muller, and T. Richter. 2001. Hefcobacter pyleri prevalences and nsk
factors among school beginners in 2 German urban center and its rural
county. Environ. Fleakh Perspect. 109:573-577.

Higashi, H., et al. 2002. Biological activity of the Flelwbacter pylori
virulence factor CagA is determined by vadation in the tyrosine
phosphorylation sites. Prac Natl Acad. Sci. U. 5. A. 99:14428-14433.

81



114,

115.

116.

117.

119.

Higashi, H., et al. 2002. SHP-2 tyrosine phosphatase as an intracellular
target of Helicobacter pylori CagA protein. Sdence. 295:683—-686.

Hippo, Y., Taniguchi, H., Tsutsumi, S., Machida, N., Cheng, J.
M., Fukayama, M. et al. 2002. Global gene exptession analysis of
gastric cancer by oligonucleotide microarrays. Cancer Res. 62:233—40.
Hofier, H., Becker, K. F. 2003. Molecular mechanisms of
carcinogenesis in gastric cancer. Recent Resulis Cancer Res. 162:65-72.
Hollstein, M., Shomer, B., Greenblatt, M., Soussi, T., Hovig, E.,
Montesano, R. et al. 1996. Somatic point mutations in the p53 gene of
human tumors and cell Lnes: updated compilation. Nuclic Adds Res.
24:141-6.

Hook- Nikanne, J., D. E. Berg, R. M. Peek, Jr., D. Kersulyte, M. K.
Tummuru, And M. J. Blaser. 1998. DNA sequence conservation and
diversity in transposable elements 1S605 of Heliwbacter pylori. Helicobacter
3:79-85.

Horii, A., Nakatsuru, S., Miyoshi, Y., Ichii, S., Nagase, H., Kato, Y.
et al. 1992. ‘The APC gene, responsible for familial adenomatous
polyposis, is mutated in human gastric cancer. Cancer Res. 52: 3231-3.
Hsieh, L. L, Huang, Y. C. 1995. Loss of heterozygosity of APC/MCC
gene in differentiated and undifferentiated gastric carcinoma in Taiwan.
Cancer Lett. 96:169-74.

Itver, D., A. Amngqvist, ]J. Ogren, 1. M. Frick, D. Kersulyte, E. T.
Incecik, D. E. Berg, A. Covacci, L. Engstrand, and T. Boren. 1998.
Helicobacter pylori adhesin binding fucosylated histo-blood group antigens
revealed by retagging. Science 279:373-377.

Iiver, D., Amgqvist, A, Ogren, J., Frick, I.-M., Kersulyte, D.,
Incecik, E. T., Berg, D, E,, Covacci, A., Engstrand, L. & Borén, T.
1998. Heliwbacter pylori Adhesin Binding Fucosylated Histo-Blood Group
Antigens Revealed by Retagging. Saence vol: 279, pp: 373-377.

82



Ilver, D., S. Barone, D. Mercati, P. Lupetti, and J. L. Telford. 2004.
Helicobacter pylori toxin VacA is transferred to host cells via a novel
contact dependent mechanism. Cell. Microbiol 6:167-174.

Imazeki, F., Omata, M., Nose, H., Ohto, M., Isono, K. 1992. p53
gene mutations in gastric and esophageal cancers. Gustroenterology.
103:892-6.

Inohara, N., Y. Ogura, F. F. Chen, A. Muto, and G. Nunez. 2001.
Human Nod1 confers responsiveness to bacterial lipopolysacchandes. J.
Biol Chem. 276:2551-2554.

Insel, Paul.,, Tumer, Elaine; and Ross, Don. 2004. Nutrtion?
edition.

International Agency for Research on Cancer. Infection with
Helicobacter pylori. In Schistosomes, Liver Flukes and Helwbacter pylori.
IARC Scientific Publications No. 61. Lyon: IARC 1994; 177-240.
Ismail, H. F., P. Fick, J. Zhang, R. G. Lynch, and D. J. Berg. 2003.
Depletion of neutrophils in IL-10(_/_) mice delays clearance of gastric
Hebicobacter infection and decreases the Thi immune response to
Helicobacter. J. Immunol. 170:3782-3789.

Ito, Y., T. Azuma, S. Ito, H. Miyaji, M. Hirai, Y. Yamazaki, F. Sato,
T. Kato, Y. Kohli, and M. Kuriyama. 1997. Analysis and typing of the
vacA gene from cagA-positive stratns of Hebwbader pylori isolated in
Japan. J. Céin. Microbiol. 35:1710-1714.

Ji, X, T. Fernandez, D. Burroni, C. Pagliaccia, J. C. Atherton, J. M.
Reyrat, R. Rappuoli, and J. L. Telford. 2000. Cell specificity of
Helbicobacter pylori cytotoxin is determined by a short region i the
polymorphic midregion. Infect. Immun. 68:3754-3757.

Jones, A. C,, R. P. Logan, S. Foynes, A. Cockayne, B. W. Wren, and
C. W. Penn. 1997. A flagellar sheath protein of Helicobacter pylori is
identical to HpaA, a putative N-acetylneuraminyllactose-binding

83



131.

132,

135.

137.

hemagglutinin, but is not an adhesin for AGS cells. J. Badteriol 179:5643—
5647.

Kansau, L, J. Raymond, E. Bingen, P. Courcoux, N. Kalach, M.
Bergeret, N. Briami, C. Dupont, and A. Labigne. 1996. Genotyping
of Helicobacter pylori isolates by sequencing of PCR products and
comparison with the RAPD technique. Res. Mzarobiol. 147:661—-669.
Katoh, M. 2003. WNT2 and human gastrointestinal cancer (teview). Inz |
Mol Med. 12:811-6.

Kidd, M., A. ]. Lastovica, J. C. Atherton, and J. A. Louw. 1999.
Heterogeneity in the Heliwbacter pylori vacA and cagA genes: association
with gastroduodenal disease in South Africa. Guf 45:499-502.

Kim, J. H., Takahashi, T., Chiba, L., Park, J. G., Birrer, M. J., Roh,
J. K et al. 1991, Occurrence of p53 gene abnormalities in gastric
carcinoma tumors and cell lines. Na#/ Cancer Inst. 83:939 43.

Kim, S., A. K. Chamberlain, and J. U. Bowie. 2004. Membrane
channel structure of Helirbacter pylori vacuolating toxin: role of multiple
GXXXG motifs in cylindrical channels. Proc. Natl Acad Sci. USA
101:5988-5991.

Kivi, M., Y. Tindberg, M. Sotberg, T. H. Casswall, R. Befrits, P. M.
Hellstrom, C. Bengtsson, L. Engstrand, and M. Granstrom. 2003.
Concordance of Helicobacter pylori strains within families. J. Clin. Microbiol.
41: 5604-5608.

Konno, M., N. Fuyjii, S. Yokota, K. Sato, M. Takahashi, E. Mino,
and T. Sugiyama. 2005. Five-year follow-up study of mother-to-child
transmission of Heliwbacter pyleri infection detected by a random
amplified polymorphic DNA fingerprinting method. J. Chr. Microbiol
43:2246-2250.

Kosunen, T. U., A. Aromaa, P. Knekt, A. Salomaa, H. Rautelin, P.
Lohi, and O. P. Heinonen. 1997. Heleobacter antibodies in 1973 and

84



139.

140.

141

142,

143.

144.

145.

1994 in the adult population of Vammala, Finland. Epidemiol. Infect.
119:29-34.

Kozma, L., Kiss, 1., Hajdu, J., Szentkereszty, Z., Szakall, S., Ember,
I. 2001. C-myc amplification and cluster analysis in human gastric
carcinoma. Anticancer Res. 21:707-10.

Kuck, D., B. Kolmerer, C. Iking-Konert, P. H. Krammer, W.
Stremmel, and J. Rudi. 2001. Vacuolating cytotoxin of Helwbacter pylori
induces apoptosis in the human gastric epithelial cell line AGS. Infect.
Imemun. 69:5080-5087.

Kuipers, E. J., A. S. Pena, G. van Kamp, A. M. Uyterlinde, G. Pals,
N. F. Pels, E. Kurz-Pohlmann, and S. G. Meuwissen. 1993.
Seroconversion for Heliobacter pylors. Lancet 342:328-331.

Kuipers, E. J., D. A. Israel, J. G. Kusters, M. M. Gerrits, J. Weel, A.
van Der Ende, R. W. van Der Hulst, H. P. Wirth, J. Hook-Nilkanne,
S. A. Thompson, and M. J. Blaser. 2000. Quasispecies development of
Helicobacter pylori obsetved in paired isolates obtained years apart from the
same host. J. Infect. Dis. 181:273-282.

Kuipers, E. J., G. . Perez-Perez, S. G. Meuwissen, and M. }. Blaser.
1995. Heliwobacter pylori and atrophic gastritis: importance of the cagA
status. J. Natl. Cancer Inst. 87:1777-1780.

Kusters, J. G.,, M. M. Gerrits, J. A, Van Strijp, and C. M.
Vandenbroucke-Grauls. 1997. Coccoid forns of Heliwbacter pylori ate
the morphologic manifestation of cell death. Infect Immun. 65:3672—-3679.
Kuzminov, A. 1999. Recombinational repair of DNA damage in
FEscherichia coli and bacteriophage lamda. Mzrobiol Mol Biol Rev. 63:751-
813.

Lee, J. H., Abraham, S. C., Kim, H. 8., Nam, J. H., Choi, C,, Lee,
M. C. et al. 2002. Inverse relationship between APC gene mutation in

85



146.

147.

148.

149.

151.

152.

154.

gastric adenomas and development of adenocarcinoma. Am | Pathol.
161:611-8.

Letley, D. P., and J. C. Artherton. 2000. Natural diversity in the N
terminus of the mature vacuolating cytotoxin of Helwbacer pylori
determines cytotoxin activity. J. Baceriol 182:3278-3280.

Letley, D.P., and Atherton, J.C. 2000. Natural diversity in the N
terminus of the mature wvacuolating cytotoxin of Helwbacter pylori
determines cytotoxin activity. J. Bacteriol 185:3228-3240.

Leung, S.Y., Yuen, S. T., Chung, L. P., Chu, K. M,, Chan, A. S,,
Ho. J. C. 1999. hMLH1 promoter methylation and Jack of hMLH1
expression in sporadic gastric carcinomas with high-frequency
microsatellite instability. Cancer Res. 59:159-64.

Leunk, R. D. 1991. Production of a cytotoxin by Heliobacter pylori. Rev.
Infect. Dis. 13(Suppl. 8)-5686-S689.

Leunk, R. D, P. T. Johnson, B. C. David, W. G. Kraft, and D. R.
Morgan. 1988. Cytotoxic activity in broth-culture filtrates of
Campylobacter pylori. |. Med. Microbiol. 26:93-99.

Leunk, R. D., P. T. Johnson, B. C. David, W. G. Kraft, and D. R.
Morgan. 1988. Cytotoxic activity in broth-culture filtrates of
Canpylobacter pylori. J. Med. Microbinl. 27:59-63.

Lingwood, C. A., G. Wasfy, H. Han, and M. Huesca. 1993. Receptor
affinity purification of a lipid-binding adhesin from Helwbacter pylori.
Infect. Immun. 61:2474-2478.

Logan, R. P. 1998>Urea breath tests in the management of Heliwbacter
pylori infection. Gur 43 (Suppl. 1)547-S50.

Lozniewski, A., X. Haristoy, D. A. Rasko, R. Hatier, F. Plenat, D.
E. Taylor, and K. Angioi-Duprez. 2003. Influence of Lewis antigen
expression by Helwbacter pylori on bacterial intemnalization by gastric
epithelial cells. Infect. Immun. 71:2902—-2906.

86



155.

157.

159.

161.

Lupetti, P., J. E. Heuser, R. Manetti, P. Massari, S. Lanzavecchia,
P. L. Bellon, R. Dallai, R. Rappuoli, and J. L. Telford. 1996.
Oligomeric and subunit stuctute of the Helwbacter pylori vacuolating
cytotoxin. J. Cel Biol 133:801-807.

Maeda, S., M. Akanuma, Y. Mitsuno, Y. Hirata, K. Ogura, H.
Yoshida, Y. Shiratori, and M. Omata. 2001. Distinct mechanism of
Helioobacter pylorimediated NF-kappa B activation between gastric cancer
cells and monocytic cells. [. Biol Chem. 276:44856—44864.

Mahdavi, }., B. Sonden, M. Hurtig, F. O. Olfat, 1.. Forsberg, N.
Roche, ). Angstrom, T. Larsson, S. Teneberg, K. A. Katlsson, S.
Altraja, 'T. Wadstrom, D. Kersulyte, D. E. Berg, A. Dubois, C.
Petersson, K. E. Magnusson, T. Norberg, F. Lindh, B. B.
Lundskog, A. Amgqvist, L. Hammarstrom, and T. Boren. 2002.
Helicobacter pylori SabA adhesin in persistent infection and chronic
inflammation. Saence 297:573-578.

Mahdavi, J., Sondén, B., Hurtig, M., Olfat, F. O., Forsberg, L.,
Roche, N., Angstrém, J., Larsson, T., Tencberg, S., Karlsson, K.-A,,
et al. 2002. HeZcobacter pylori SabA Adhestn in Persistent Infection and
Chronic Inflammation. Saeace vol: 297:560-565.

Malaty, H. M., and D. Y. Graham. 1994. Importance of childhood
socioeconomic status on the current prevalence of Heliwbacter pylori
infection. Gt 35:742—745.

Mazchetti, M., B. Arico, D. Burroni, N. Figura, R. Rappuoli, and P.
Ghiara. 1995. Development of a mouse model of Helobacter pylori
infection that mimics human disease. Sefence 267:1655-1658.

Marshall, B. J. 1989. History of the discovery of Campylobacter pylors,
p-7-24. In M. }. Blaser (ed.), Campylobacter pylon in gastritis and peptic
ulcer disease, Igaku Shoin Publishers, New York.

87



162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

Marshall, B. J., and J. R. Warren. 1984. Unidentified curved bacilli in
the stomach of patients with gastritis and peptic ulceration. Lamcesi: 1311-
1315.

Marutsuka, T., S. Shimada., K. Shiomori., N. Hayashi., Y. Yagi., T.
Yamane., and M. Ogawa. 2003. An ultra rapid detection system for
intraperitoneal free cancer cells and a prophylactic strategy for peritoneal
metastasis. Clinical Cancer Research Vol. 9:678-685.

Maton, Anthea, J. Hopkins, Charles, W. Mc. Laughlin., Susan, J.,
Maryanna, Q. Warner, D. La. H., J. D. Wright 1993. Human
Biology and Health. Englewood Cliffs, New Jersey,USA.

Mayo Foundation for Medical Education and Research (MFMER).
1998-2008.

Millet, Leslie W.; Saladin, Kenneth S. 2004. Anatomy & physiology:
the unity of form and function. Boston.

Miyoshi, E., Haruma, K., Hiyama, T., Tanaka, S., Yoshihara, M.,
Shimamoto, F. et al. 2001. Microsatellite instability is a genetic marker
for the development of multiple gastric cancers. Inf | Cancer. 95:350-3.
Molinari, M., et al. 1998. Selective inhibition of Ii-dependent antigen
presentation by Helicobacter pylori toxin VacA. J. Exp. Med. 187:135-140.
Montecucco, C., and M. de Bernard. 2003. Molecular and cellular
mechanisms of action of the vacuolating cytotoxin (VacA) and
neutrophil-activating protein (HP-NAP) virulence factors of Helkwbacter
pylori. Microbes Infect. 5:715-721.

Morales-Espinosa, R., G. Castillo-Rojas, G. Gonzales-Valencia, S.
Ponce de Leon, A. Cravioto, J. C. Atherton, and Y. Lopez-Vidal.
1999. Colonization f Mexican patients by multiple Hefowbacter pylori strains
with different vacA and cagA genotypes. J. Clin. Microbiol. 37:3001-3004.
Munemitsu S, Albert I, Souza B, Rubinfeld B, Polakis P. 1995.
Regulation of intracellular-catenin levels by the adenomatous polyposis

88



172.

173.

174.
175.

176.

171.

178.

179.

colt (APC) tumor-suppressor protein. Proc Natl Acad Sa USA. 92:3046—
50.

Nakatsuru, S., Yanagisawa, A., Ichii, S., Tahara, E., Kato, Y,
Nakamura, Y. et al. 1992. Somatic mutation of the 4PC gene in gastric
cancer: frequent mutations in very well differentiated adenocarcinoma
and signet-ring cell carcinoma. Hum Mol Genet.1:559-63.

Namavar, F., M. Sparrius, E. C. 1. Veerman, B. ]J. Appelmelk,
andC. M. J. E. Vandenbroucke-Grauls. 1998. Neutrophil-activating
protein mediates adheston of Hefwbacter pylori to sulfated carbohydrates
on highmolecular- weight salivary mucin. Infect. Immun. 66:444-447.
National Cancer Institute, U. S National Institutes of Health. 2008.
NIH Consensus Conference. 1994. Hedwbacter pylori in peptic ulcer
disease. NIH Consensus Development Panel on Heliwbacer pylori in
peptic ulcer disease. [AM.A 272: 65-69.

Ninomiya, I., Yonemura, Y., Matsumoto, H., Sugiyama, K,
Kamata, T., Miwa, K. et al. 1991. Expression of c-myc gene product in
gastric carcinoma. Onwlgy. 48:149-53.

O’Toole, P. W., M. C. Lane, and S. Porwollik. 2000. Hekcobacter pylori
motility. Mzcrobes Infect. 2:1207-1214.

Odenbreit, S., B. Gebert, J. Puls, W. Fischer, and R. Haas. 2001.
Interaction of Helwbacter pylori with professional phagocytes: role of the
cag pathogenicity island and translocation, phosphorylaton and
processing of CagA. Cell Microbiol. 3:21-31.

Odenbreit, S., J. Puls, B. Sedlmaier, E. Gerland, W. Fischer, and R.
Haas. 2000. Translocation of Hebwbacter pylori CagA into gastric
epithelial cells by type IV secretion. Sdence 287:1497—1500.

Odenbreit, S., M. Till, D. Hofreuter, G. Faller, and R. Haas. 1999.
Genetic and functional charactetization of the alpAB gene locus essential

89



181.

182,

187.

188.

for the adhesion of Helwbacter pylori to human gastric tissue. Mol
Microbiol 31:1537-1548.

Ogura, K., S. Maeda, M. Nakao, T. Watanabe, M. Tada, T.
Kyutoku, H. Yoshida, Y. Shiratori, and M. Omata. 2000. Virulence
factors of Helicobacter pylori responsible for gastric diseases in Mongolian
getbil. J. Exp. Med. 192:1601-1610.

Ohuchi, N., Hand, P. H_, Merlo, G., Fujita, J., Mariani-Costantini,
R., Thot, A. et al. 1987. Enhanced expression of c-Ha-ras p21 in human
stomach adenocarcinomas defined by immunoassays using monoclonal
antibodies and in situ hybridization. Cancer Res. 47:1413-20.

Omni Medical Search. Com. 2007.

Ota, H., J. Nakayama, M. Momose, M. Hayama, T. Akamatsu, T.
Katsuyama, D. Y. Graham, and R. M. Genta. 1998. Heliwbacter pylori
infection produces reversible glycosylation changes to gastric mucias.
Virchows Arch. 433:419-426.

Pagliaccia, C., X. M. Wang, F. Tardy, ]J. 1. TeHord, J. M.
Ruysschaert, and V. Cabiaox. 2000. Structure and interaction of VacA
of Helicobacter pylori.

Pai, R., T. L. Cover, and A. S. Tarnawski. 1999. Helcobacter pylori
vacuolating cytotoxin disotganizes the cytoskeletal architecture of gastric
epithelial cells. Biochers. Biophys. Res. Commaun. 262:245-250.

Park, W. S., Oh, R. R, Park, J. Y., Lee, S. H., Shin, M. §, Kim, Y. S,
et al. 1999. Frequent somatic mutations of the beta-catenin gene in
intestinal- type gastric cancer. Cancer Res. 59:4257-60.

Park, W.S., Oh, R. R, Kim, Y. S, Park, J. Y., Shin, M. 5., Lee, H. K.
et al. 2000. Absence of mutations in the kinase domain of the Met gene
and frequent expression of Met and HGF/SF protein in primary gastric
carcinomas. APMIS. 108:195-200.

90



——

190.

191

193.

194.

195.

196.

197.

198.

199.

Parsonnet, J. 1995. The incidence of Heliwbacter pylori infection. Aliment
Pharmacol. Ther. 98sppl. 2)45-51with 2 lipid membsane. Eur: J. Biochen.
267:104-109.

Patrick, R. Murray. Ken., S., Rosenthal, Micheal. A. Paller, M. D.
Mosby. 1998. Medical Microbiology (34 edition).

Peek, R. M., G. G. Miller, K. T. Tham, G. I. Pe'rez-Perez, X. M.
Zhao, J. C. 1995. Heightened inflammatory response and cytokine
expression in viw to cagA+ Helicobacter pylori strains. Lab. Investig. 75:736—
740.

Peck, R. M., et al. 1995. Heightened inflammatory respomse and
cytokine expression to cagA+ Helicobacter pylori strains. Iab. Invest. 73:760—
770.

Peek, R. M., Jr., and Crabtree, J.E. 2006. Hebwbacter infection and
gastric neoplasia. J. Patbol 208:233--248.

Peifer, M. 1999. Signal transduction. Netther straight nor narrow.
Nature. 400:213-5.

Perez-Perez, G. 1., A. Z. Olivares, F. Y. Foo, S. Foo, A. J. Neusy, C.
Ng, R. S. Holzman, M. Marmor, and M. ]J. Blaser. 2005.
Seroprevalence of Hekwbacter pylori in New York City populations
orginating in East Asia.

Perez-Perez, G. 1., D. Rothenbacher, and H. Brenner. 2004.
Epidemiology of Helicobacter pylori infection. Helicobacter 9(Suppl. 1):1—6.
Perez-Perez, G.L, et al. 2003. Transient and persistent Helicobacter pylori
colonization in Native American children. J. Clin. Microbiol. 41:2401-2407.
Ponzetto, C., Giordano, 8., Peverali, F., Della, Valle, G., Abate, M.
L, Vaula, G. et al. 1991. c-met ts amplified but not mutated in a cell line
with an activated met tyrosine kinase. Oncggene. 6:553-9.

Pounder, R. E., and D. Ng. 1995. The prevalencc of Hekwbacter pylori
infection in different countries. A4ment. Pharmacol Ther. 9:33-39.

91




202.
203.

Pride, D.T. Meinersimann, R.J., and Blaser, M.J. 200t. Allelic
vatiation within Helicobacter pylori babA and babB. Infect. Immun. 69:1160—
1171.

Queralt, N., R. Bartolome, and R. Araujo. 2005. Detection of
Hekcobacter pylori DNA in human faeces and water with different levels of
faecal pollution in the north-cast of Spain. J. Appl Microbiol. 98:889-895.
R. Bowen. Gross and Microscopic Anatomy of the Stomach. 2002.

Rad, R., M. Gerhard, R. Lang, M. Schoniger, T. Rosch, W. Schepp,
I. Becker, H. Wagner, and C. Prinz. 2002. The Helicobacter pylori blood
group antigen-binding adhesin facilitates bacterial colonization and
augments a nonspecific immune response. J. Immunol. 168:3033-3041.
Raghavan, S., M. Fredriksson, A. M. Svennerholm, J. Holmgren,
and E. Suri-Payer. 2003. Absence of CD4+, CD25+ regulatory T cells
is associated with a loss of regulation leading to increased pathology in
Helicobacter pylori-infected mice. Chin. Exp. Immunol. 132:393-400.

Rajevic, U., Juvan, R., Gazvoda, B., Repse, S., Komel, R. 2001.
Assessment of differental expression of oncogenes in gastric
adenocarcinoma by fluorescent multiplex RT-PCR assay. Pflugers Arch.
442 (6 Suppl 1):R150-2.

Ramarao, N., and T. F. Meyer. 2001. Heliobacter pylori resists
phagocytosis by macrophages: quantitative assessment by confocal
microscopy and fluotescence- activated cell sosting. Infect Immun.
69:2604-2611.

Ramarao, N., S. D. Gray-Owen, S. Backert, and T. F. Meyer. 2000.
Heliwobacter  pylori inhibit phagocytosis by professional phagocytes
involving type IV secretion components. Mol Microbiol. 37:1389—1404.)
Ranzani, G. N., Luinettd, O., Padovan, L. S., Calistri, D., Renault,
B., Burrel, M. et al. 1995. p53 gene mutations and protein nuclear



[P .

—_—— e

210.

211

214,

accumulation are early events in intestinal type gastric cancer but late
events in diffuse type. Cancer Epiderniol Biomarkers Prev. 4:223-31.
Raymond, J., J. M. Thiberg, C. Chevalier, N. Kalach, M. Bergeret,
A. Labigne, and C. Dauga. 2004. Genetic and transmission analysis of
Helicobacter pylori steains within a family. Emrerg. Infect. Dis. 10:1816-1821.
Rehnberg-Laiho, L. H. Rautelin, P. Koskela, S. Sarna, E. Pukkala,
A. Aromaa, P. Knekt, and T. U. Kosunen. 2001. Decreasing
prevalence of Hekwbader antibodies in Finland, with reference to the
decreasing incidence of gastric cancer. Epidemiol. Infect. 126:37-42.

Rhen, M., Eriksson, S., Clements, M., Betrgstrom, S. & Nonmnark, S.
2003. The basis of persistent bacterial infections. Trends. Microbiol. 11:80-
86.

Roche, N., J. Angstrom, M. Hurtig, T. Larsson, T. Boren, and S.
Teneberg. 2004. Heliwbacer pylori and complex gangliosides. Infect.
Immun. 72:1519— 1529.

Roosendaal, R., E. J. Kuipers, ]J. Buitenwerf, C. van Uffelen, S. G.
Meuwissen, G. J. van Kamp, and C. M. Vandenbroucke-Grauls.
1997. Helicobacter pyleri and the birth cohort effect: evidence of a
continuous dectrease of infection rates in childhood. Am. J. Gastroenterol.
92:1480-1482.

Ross, J. S., McKenna, B. J. 2001. The HER-2/neu oncogene in tumors
of the gastrointestinal tract. Cancer Invest. 19:554—68.

Rowland, M., L. Daly, M. Vaughan, A. Higgins, B. Bourke, and B.
Drumm. 2006. Age-specific incidence of Heliwbacter pylori. Gastroenterology
130: 65-72.

Rudi, J., C. Kolb, M. Maiwald, D. Kuck, A. Sieg, P. R. Galle, and
W. Sttemmel. 1998. Diversity of Helobacter pylori vacA4 and cagA genes
and relationship to VacA and CagA protein expression, cytotoxin
production, and associated diseases. J. Chin. Merobiol. 36:944-948.

93



217.

218.

219.

Sachs, G., D. Scott, D. Wecks, and K. Melchers. 2002. The
compartment buffered by the urease of Hebwbacter pylori: cytoplasm ot
periplasm? Trends Microbiol 10:217-218.

Sadakane, Y., K. Kusaba, Z. Nagasawa, I. Tanabe, S. Kuroki, and J.
Tadano. 1999. Prevalence and genetic diversity of cagD, CagE, and
vacA in Helicobacter pylori strains isolates from Japanese patients. Saend, J.
Gastroenterol. 34:981-986.

Sakamoto, S., T. Watanabe, T. Tokumaru, H. Takagi, H.
Nakazato, and K. O. Lioyd. 1989. Expression of Lewis a, Lewis b,
Lewis x, Lewis y,sialyl-Lewis a, and sialyl-Lewis x blood group antigens in
human gastric carcinoma and in normal gastric tissue. Camcer Res. 49:745—
152.

Santos, A., D. M. Queiroz, A. Menard, A. Marais, G. A. Rocha, C.
A. Oliveira, A. M. Nogueira, M. Uzeda, and F. Megraud. 2003. New
pathogenicity marker found in the plasticity region of the Hekobacter pylori
genome. J. Clin. Microbiol 41:1651-1655.

Saribasak, H., Barik A. Salih, Y. Yamaoka, E. Sander. 2004.
Analysis of Helawbacer pylori genotypes and correlation with Clinical
outcome in Turkey. Department of Medicine, Veterans Affairs Medical
Center and Baylor College of Medicine, Houston, Texas 77030 p. 1648-
1651.

Saunders, N. J., Peden, J. F., Hood, D. W. & Moxon, R. E. 1998.
Simple sequence repeats in the Hedwbacter pylori genome. Mol Microbiol.
27:1091-1098.

Schade, C., G. Flemstrom, and L. Holm. 1994. Hydrogen ion
concentration in the mucus layer on top of acid-stimulated and -inhibited
rat gastric mucosa. Gastroenterology 107:180-188.



227.

231

232,

Schmitt, W., and R. Haas. 1994. Genetic analysis of the Hebwbacter
pylori vacuolating cytotoxin: structural similarities with the IgA protease
type of exported protein. Mol Microbiol 12:307-319.

Segal, E. D,, J. Cha, J. Lo, S. Falkow, and L. S. Tompkins. 1999.
Altered states: involvement of phosphorylated CagA in the induction of
host cellular growth changes by Hefiwbacter pylori. Proc. Natl. Acad. Sei.
US A 96:14559-14564.

Sherwood, Lauralee. 1997. Human physiology: from cells to systems.
Belmont.

Sheu, B. 8., Sheu, S. M., Yang, H. B., Huang, A. H. & Wy, J. J.
2003. Host gastric Lewis expression determines the bacteral density of
Helicobacter pylori in babA2 genopositive infection. Guz 52: 927-932.
Shimoyama, T., T. Yoshimura, T. Mikami, S. Fukuda, J. Crabtree,
and A. Munakata. 1998. Evaluation of Hebwbacter pylori vacA. genotype
in Japanese patients with gastrocancer. J. Clin. Patbol. 51:299-301.

Smeets, L. C,, J. J. Bijlsma, E. J. Kuipers, C. M. Vanden-broucke-
Grauls, and J. G. Kusters. 2000. The 4prA gene is required for natural
transformation of Helicobacter pylori. FEMS Lmmunol. Med. Microbiol. 2T:99-
102.

Smoot, D. T., H. L. Mobley, G. R. Chippendale, J. F. Lewison, and
J. H. Resau. 1990. Helicobacter pylori urease activity is toxic to human
gastric epithelial cells. Infect. Immun. 58:1992-1994.

Solnick, J. V., and D. B. Schauer. 2001. Emergence of diverse
Helicobacter species in the pathogenesis of gastric and enterohepatic
diseases. Clhin.Microbiol Rev. 14:59-97.

Solnick, J. V., Hansen, L. M., Salama, N. R., Boonjukauakul, J. K.
& Syvanen, M. 2004. Modification of Helicobacter pylori outer membrane
protein expression during experimental infection of rhesus macaques.
Proc. Natl. Acad. Sd. USA 101, 2106-2111.

95



235.

237.

241.

242,

Stingl, K., K. Altendorf, and E. P. Bakker. 2002. Acd survival of
Helicobacterpylori: how does urease activity trigger cytoplasmic pH
homeostasis? Trends Microbiol. 10:70-74.

Stromberg, E., A. Lundgren, A. Edebo, S. Lundin, A. M.
Svennerholm, and C. Lindholm. 2003. Increased frequency of
activated T-cells in the Hebcobacter pylori-infected antrum and duodenum.
FEMS Immunol. Med. Microbiol 36:159-168.

Su, B, P. J. Ceponis, S. Lebel, H. Huynh, and P. M. Sherman.
2003. Helwbadter pybori activates Toll-like receptor 4 expression in
gastrointestinal epithelial cells. Infect. Inmmun. 71:3496-3502.

Suerthaum, S., and M. Achtman. 1999. Evolution of Hekcobacter pylori:
the role of recombination. Trends Microbiol. 7:182-184.

Suerbaum, S., and M. Achwman. 2004 Hekobader pylori
recombination, population structure and human migrations. Int J. Med
Microbiol 294: 133-139.

Suerbaum, S., J. M. Smith, K. Bapumia, G. Morelli, N. H. Smith, E.
Kunstmann, I. Dyrek, and M. Achtman. 1998. Free recombination
within Helicobacter pylori. Proc. Natl. Acad. Sci. US.A 95:12619-12624.
Suerbaum, S., J. M. Smith, K. Bapumia, G. Morelli, N. H. Smith, E.
Kunstmann, I. Dyrek, and M. Achtman. 1998. Free recombination
within Hebcobacter pylori. Proc. Natl Acad. Sd. USA 95:12639-12644.
Suetbaum, S., J. M. Smith, K. Bapumia, G. Morelli, N. H. Smith, E.
Kunstmann, L. Dyrek, and M. Achtman. 1998. Free recombination
within Helicobacter pylosi. Proc. Nati. Acad. Sei. USA 95:12619-12624.
Tahara, E. 1995. Genetic alterations in human gastrointestinal cancers.
Cancer: 75:1410-7.

Taneike, I., Y. Tamura, T. Shimizu, Y. Yamashiro, and T.
Yamamoto. 2001. Heliwbacter pylori intrafamilial infections: change in




257.

258.

259.

261.

262.

van Doom, L. J., C. Figueiredo, R. Sanna, S. Pena, P. Midolo, E. K.
Ng, J. C. Atherton, M. ]. Bilaser, and W. G. Quint. 1998. Expanding
allelic diversity of HelZeobacter pylori vacA. J. Clin. Microbiol. 36:2497-2503.
van Doom, L. ]., Y. Henskens, N. Nouhan, A. Verschuuren, R.
Vreede, P. Herbink, G. Ponjee, K. van Krimpen, R. Blankenburg, J.
Scherpenisse, and W. Quint. 2000. The efficacy of laboratory diagnosis
of Helicobacter pylori infections in gastric biopsy specimens is related to
bacterial density and vacA, cagA, and iceA genotypes. J. Clin. Microbiol,
38:13-17.

van Kooyk, Y., A. Engering, A. N. Lekkerkerker, 1. S. Ludwig, and
T. B. Geijtenbeek. 2004. Pathogens use carbohydrates to escape
immunity induced by dendsitic cells. Curr. Opén. Immunol 16:488—493.

van Vliet, A. H. M., E. ]. Kuipers, B. Waidner, B. J. Davies, N. de
Viies, C. W. Penn, C. M. Vandenbroucke-Grauls, M. Kist, S.
Bereswill, and J. G. Kusters. 2001. Nickel-responsive induction of
urease expression in Heliwbacter pylori is mediated at the transcriptional
level. Infect. Immun. 69: 4891-4897.

Vethoef, C., R. G. Pot, R. A. de Man, P. E. Zondetvan, E. J.
Kuipers, J. N. Fzermans, and J. G. Kusters. 2003. Detection of
identical Helwobacter DNA in the stomach and in the non-cirthotic liver of
patients with hepatocellular carcinoma. Exr. J. Gastroenterol Hepatol,
15:1171-1174.

Viala, J., C. Chaput, I. G. Boneca, A. Cardona, S. E. Girardin, A. P.
Moran, R. Athman, S. Memet, M. R. Huerre, A. J. Coyle, P. S.
DiStefano, P. J. Sansonetti, A. Labigne, J. Bertin, D. J. Philpott,
and R. L. Ferrero. 2004. Nod1 responds to peptidoglycan delivered by
the Helicobacter pylori cag pathogenicity island. Nav. Immunol. 5:1166-1174.



267.

269.

270.

272.

Wada, A., E. Yamasaki, and T. Hirayama. 2004. Helicobacter pylori
vacuolating cytotoxin, VacA, is responsible for gastric ulceration. [
Biochem. (Toky) 136:741-746.

Wang, J. Y., Lin, S. R., Hsieh, ]. S., Hsu, C. H., Huang, Y. S,,
Huang, T. J. 2001. Mutations of p53 gene in gastric carcinoma in
Taiwan. Amticancer Res. 21:513-20.

Wang, G., M. Z. Humayun, and D. E. Taylor. 1999. Mutation as an
otigin of genetic variability in Hefeobacter pylori. Trends Microbiol. 7:488-493.
Wang, J., et al. 2001. Negative selection of T cells by Hekobacter pylori as
a model for bacterial strain selection by immune evasion. [, Immunol.
167:926-934.

Wang, Y., K. P. Roos, and D. E. Taylor. 1993. Transformation of
Helicobacter pylori by chromosomal met omdazole resistance and by 2
plasmid with a selectable chloramphenicol resistance marker. J. Gen.
Microbiol. 139:2485-2493.

Wang. L., J. S. Zhu., M. Q. Song., G. Q. Chen., and J. L. Chen.
2006. Comparison of gene expression profiles between primaty tumor
and metastatic lesions in gastic cancer patients using laser
microdissection and c¢cDNA microarray. World | Gastroenterol 12(43):
6949-6954.

Wang., T. T., X. P. Qian., and B. R. Liu. 2007. Survivin: Potential role
in diagnosis, prognosis and targeted therapy of gastric cancer. World |
Gastroenterol. 13(20): 2784-2790.

Wardlaw, Kessel. (2002). Perspectives in Nutrition, 5th edition. Boston:
McGraw-Hill.

Warren, J. R., and B. J. Marshall. 1983. Unidentified curved bacilli on
gastric epithelium in active chronic gastritis. Lancet 4> 1273-1275.

Weel, J. F.L., R. W. M. van der Hulst, Y. Gerrits, P. Roorde, M.
Feller, J. Dankert, G. N. J. Tytgat, and A. van der Ende. 1996. The

100



274.

275.

276.

277.

278.

interrelationship between cytotoxin-associated gene A, vacuolating
cytotoxin, and Helcobacter pylori-related diseases. [. Infed. Dis. 173:1171-
1175.

Weel, J. F., R. W. van der Hulst, Y. Gerrits, P. Roorda, M Feller, J.
Dankert, G. N. Tytgat, and A. van der Ende. 1996. The
interrelationship  between  cyotoxin-associated  gene,  vacuolating
cytotoxin, and Helowbacter pylori related diseases. |. Infect. Dis. 17:1187-
1195.

Wemer, M., Becker, K. F., Keller, G., Hofler, H. 2001. Gastric
adenocarcinoma: pathomorphology and molecular pathology. | Cancer Res
Céin Oneol. 127:207-16.

Whitney, E. N., and Rolfes, S. R. Understanding Nutrition, 9th
edition. Belmont, CA: Wadsworth.

Willhite, D. C., and S. R. Blanke. 2004. Heliwbacter pylori vacuolating
cytotoxin enters cells, localizes to the mitochondna, and induces
mitochondrial membrane permeability changes correlated to toxin
channel activity. Cell Microbiol 6:143—154.

Xiang, Z., M. Bugnoli, A. Ponzetto, A. Morgando, N. Figura, A
Covacci, R. Petracca, C. Pennatini, S. Censini, D. Armellini, and R.
Rappuoli. 1993. Detection in an enzyme immunoassay of an immune
response to a recombinant fragment of the 128-kilodalton protein (CagA)
of Helicobacier pylori. Eur. |. Clin. Microbiol. Infect. Dis. 12:739-745.

Xiang, Z., S. Censini, P. F. Bayelli, ]. L. Telford, N. Figura, R.
Rappuoli, and A. Covacci. 1995. Analysis of expression of CagA and
VacA virdlence factors in 43 strains of Heliobacter pylori reveals that
clinical isolates can be divided into two major types and that CagA is not
necessary for expression of the vacuolating cytotoxin. Imfect. Lmmun.
63:94-98.

101



279.

282,

Yamada, Y., Yoshida, T., Hayashi, K, Sekiya, T., Yokota, J.,
Hirohashi, S. et al 1991. p53 gene mutations in gastric cancer
metastases and in gastdc cancer cell lines derived from metastases. Cancer
Res. 51:5800-5.

Yamamoto, T., Hattori, T., Tahara, E. 1988. Interaction between
transforming growth factor alpha and c-Ha-ras p21 in progression of
human gastric carcinoma. Patbo/ Res Pract.183:663-9.

Yamaoka, Y., D. H. Kwon, and D. Y. Graham. 2000. A M(x) 34,000
protaflammatory ou.te:r membrane protein (oipA) of Hebwbacter pylor:.
Proc. Natl Acad. Sa. USA 97:7533-7538.

Yamaoka, Y., M. Kita, T. Kodama, S. Imamura, T. Ohno, N.
Sawai, A. Ishimaru, J. Imanishi, and D. Y. Graham. 2002. Helcobacter
pyleri infection in mice: role of outer membrane proteins in colonization
and inflammation. Gastroenterology 123:1992-2004.

Yamaoka, Y., S. Kikuchi, H. M. el-Zimaity, O. Gutierrez, M. S.
Osato, and D. Y. Graham. 2002. Importance of Heliwbacter pylori oipA
in clinical presentation, gastric inflammation, and mucosal intedeukin 8
production. Gastroenterology 123:414-424.

Yamaoka, Y., Souchek, J., Odenbreit, S., Haas, R., Amgqvist, A.,
Borén, T., Kodama, T., Osato, M. S., Gutierrez, O., Kim, J., et al
2002. Discrimination between Cases of Duodenal Ulcer and Gastritis on
the Basis of Putative Visulence Factors of Helicobacter pylori. J. Ciin.
Microbiol 4(: 2244-2246.

Yamaoka, Y., T. kodama, K. Kashima, and D. Y. Graham. 1999.
Antibody against Hekcobacter pylori CagA and VacA and the risk for gastric
cancet. J. Chn. Pathol 52:215-218.

Yamazaki, S., A. Yamakawa., T. Okuda., M. Ohtani., H. Suto., Y.
Ito., Y. Yamazaki., Y. Keida., H. Higashi., M. Hatakeyarna., and T.
Azuma. 2005. Distinct Diversity of Vacd, CagA, and CagE genes of

102



