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Abstract

Background: Helicobacter pylori (H.P.) is a very common bacteria that affect half of the population. It has been incriminated in cancer

stomach and gastric lymphoma.

Objective: This work aims to discuss the relation and mechanism of H.P. in causing gastric carcinoma.

Review of Literature: H.P. has different methods of transmission like oral-oral, fecal-oral, gastro-oral and gastro gastric. The
microbiological features of H.P. support its growth and protect it from oxidative damage that enhancing its survival rate. H.P. is now
determined as one of the most critical carcinogenic infectious agents because it's a high risk of developing stomach cancer. Gastric
cancer is the third type of cancer leading to death and it is due to different causes and risk factors. There are many factors affect the
outcome of patients who had infected with H.P. and increase the risk of developing cancer. These are environmental, host-related and
virulence factors. All of these factors participate in the development of gastric cancer by two mechanisms, direct inflammatory effects
and indirect through mutations in the cell-cycle regulating genes.

Conclusion: H.P. infection has an important carcinogenic role in the development of cancer stomach. Eradication of H.P. will decrease

the risk of developing stomach cancer.
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Introduction

Helicobacter pylori (H.P) is one of the most widespread bacte-
rial pathogens in the world. Over half of the world population is
colonized with this bacterium [1]. In Saudi Arabia found that 49%
of Saudi children have an infection in a study made of 303 children
[2]. This bacterium can be determined as a microaerophilic bac-
terium, gram-negative bacillus bacteria that found usually in the
stomach. The prevalence rate of infection by this bacterium varies
from nation to other [3]. In developing countries with poor socio-
economic conditions and genetic predisposition, the percentage is
much higher than that in developed countries [4]. People infected
with this bacteria have a major risk factor in developing different
gastrointestinal diseases that vary and arranged from chronic gas-
tritis, peptic ulcer and in some cases it can lead to stomach cancer
and gastric mucosa-associated with lymphoid tissue lymphoma
(MALT) [1]. These diseases are the outcome of the complex inter-
action of the bacterium and the host [2]. Age is considered as a

major risk factor in influence the pathogen, it found that the infec-

tion is usually acquired in early childhood [4]. Eighty-five percent
of people infected with Helicobacter pylori has no symptoms or
complication until it reaches a high level of development [5]. About
15% of those infected with H.P, will get sick and have symptoms or
die due to the infection [5].

H.P. is one of the most critical carcinogenic infectious agents
worldwide [6]. Approximately 60 - 70% of stomach cancer cases
are associated with H.P. [1,7]. Out of 14 million new cancer cases in
2012, 770,000 cases were due to the carcinogenic effect of H.P, [6].
Gastric cancer is the third cause of cancer mortality and the fifth of
the most common cancer worldwide [8]. Its fatality risk rate is 75%
[8]. According to global, 2012, there were about (952000) new cas-
es in the world accounting for 6.8% of all cancer cases and 8.8% of
the total deaths from cancer in both sexes Almost 723,000 death
was due to gastric cancer [8]. According to world health organiza-
tion in 2015, 8.8 million death was due to cancer and the stomach
cancer was the 4™ most common cancer-causing death 754000 [8].
In kingdom Saudi Arabia according to the Saudi Cancer Registry in
2010, a total of 291 cases of stomach cancer were diagnosed and
was ranked the eleventh type of cancer in both male and female

[9]. There is gradually increasing in the incidence because of ag-
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ing, growth of the world population and increase of cancer-cause

behavior like bad lifestyle and smoking [8,9].

Objectives of the Study
This review aims to give a brief description of H.P. and gastric
cancer also it will focus on the relation between them different fac-

tor and how the Helicobacter pylori will lead to stomach cancer.

History and epidemiology of H.P. and gastric cancer

German scientists found bacteria in 1875 lining the human
stomach with spiral-shaped but they couldn’t culture them, and
they didn’t find a result. However, after that, the H.P. is discovered
in a patient stomach that had gastritis and ulcer in Australia, 1982
[10].

H.P. is one of the most universal infection and has strong varia-
tion across the world [11]. Many different factors cause this varia-
tion like age of transmission, method of transmission, race, socio-
economic status and Geographic area [4,12]. These factors affect
the association between H.P. and the rate of developing stomach
cancer in different areas [13]. In Africa, the prevalence of people
infected with H.P. is very high, 91% of the population, but on the
other hand, there is a low prevalence of developing stomach can-
cer [8,13].

H.P. transmission

According to different sources, humans are the only well estab-
lished “reservoir” of H. pylori, while the role of other mammalians
(cat, pig, primates), as sources of infection, is still controversial
[14]. There are many ways and methods in the transmission of
H.P, which vary and have different rates of risk [12,15]. The most
popular mode of transmission is from person to person by differ-
ent methods oral to oral through sharing the saliva or other rote
like fecal to oral when drinking water contamination with fecal,
gastro-oral and gastro-gastric that might be transmitted by an en-
doscopic procedure [12,15]. The leading of this concept is when
they found H.P. DNA in saliva, feces, and within the plaque of the
teeth [12]. One of the major sources of infection is the waterborne
transmission that can be found mostly in poor socioeconomic ar-
eas that using untreated water is common [12]. Poor hygiene has
also a positive effect on increasing the risk of transmission of H.P.
[12]. Within the family, if one of the members had the H.P, there
is a high suggestion that other members have H.P. especially from
the mother to her children [12,16]. Knowledge about the method
of transmission of H. pylori is important to prevent the spreading

of infection.

H.P. microbiology

H. pylori is a Gram-negative, unipolar, multi-flagellate, consid-
ered a spiral organism found especially in human gastric mucosa.
Also, it has a helix-formed shape around 3 um long with a breadth
of around 0.5 pm. It is microaerophilic that means it requires oxy-
gen [1,17]. The H.P, has two divisions according to its lineage, the
gastric Helicobacter species and the enterohepatic (non-gastric)

Helicobacter species [1]. H.P. contains Catalase that protects and
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helps in growth and survives bacteria from oxidative damage by
reactive oxygen species (ROS) [18]. It additionally contains ure-
ases, which is a protein that catalyzes the hydrolysis of urea into
ammonia and carbon dioxide, that consider as a base that tends
to increase the PH and cause neutralization of the stomach acidity,
what’s more, The increase in the rate of ammonia will affect inter-
cellular tight junction enhancing the permeability and upsetting
the gastric mucous film of the stomach mucin change from gel to
sol, so the H.P. will swim openly through the mucosa and join to
epithelial cell [19].

Factors affecting the outcome of H.P. infection and increase the
risk of gastric cancer
Environmental factors

The diet and type of food have been strongly investigated and
it found that a food with a high level of salt will act and work with
H.P. [13]. Salty food harm the gastric mucosa leading to H.P. and
steadiness that increase the susceptibility to tumorigenesis [13].
Also, eating a high amount of pickled food had been established in
increasing the risk of H.P. associated Stomach cancer [13,20]. It is
dubious whether red meat is a risk factor or not. It was found that
red meat appeared to expand the danger of stomach cancer with-
out H.P. through harem iron catalyzing the endogenous formation
of carcinogenic N-nitroso compounds [13]. Ikeda F, et al. 2009, re-
ported that hyperglycemia or diabetes is a factor that increases the
risk of stomach cancer in subjects with high (> 6.0%) HbA1c levels
[21].

Host factors

There are normally occurring genetics changes that may not
show themselves in a clinical disorder or pathology yet incre-
ment the danger of H.P-related stomach cancer [22]. An example
of genetic alterations is genetics polymorphism or single nucleated
polymorphism (SNPs) that alter expression in cytokines involved
in inflammation that increase a person’s risk of stomach cancer as-
sociated with H.P. such as IL-1beta, IL-10, and TNF-alpha that con-
trol inflammation and decrease acid secretion [23]. The Prevalence
of SNPs varies according to ethnicity and this might be an expla-
nation of why there are differences in host reaction according to
people’s ethnicity [23].

Virulence factors

H.P, has two main virulence factors, cytotoxin-associated gene A
(cagA) and vacuolating cytotoxin A (vacA) [24]. Prevalence of cagA
and VacA seropositivity, respectively was 82.6% and 73.91% in GC
patients [25]. In Ohau, Blaser, et al. 1995, reported that infection
with a cagA-positive H. pylori strain in comparison with a cagA-
negative strain somewhat increases the risk for the development of
gastric cancer [26]. Sequencing of cagA found that it’s a part of cag
pathogenicity island and cagA can travel and deliver to the host cell
from the bacteria through type 4 secretion system (T4SS) [27]. In
host epithelial cell cagA act as signaling for the cell by stimulating
cell proliferation and inhibiting apoptosis [28,29]. Also, cagA alters
the cell polarity to help the H.P. to adhered and turn the apical cell
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surface into a replicative niche [28,30]. Also, it alters the cellular

junction and increases pro-inflammation signals [28,31].

H.P, adheres to the epithelium and grows on it. CagA helps H.P
live by altering an epithelial cell that allows it to obtain nutrition
across the epithelial barrier [28]. Another effect of cagA that it in-
creases iron uptake by the epithelium that allows H.P. to grow in

low iron conditions [28].

One of the most important mechanisms of H.P. that it blocks
anti-microbial peptide secretion from the microphages of epithe-
lial cells by releasing catalase [32]. In another hand, H.P. can also
induce macrophage apoptosis by induces NO synthase (iNOS) in
macrophages and release of NO that derived from it and this will
lead to activating macrophages apoptosis [27,33]. In the end, all
these mechanisms will lead to impaired in both adaptive and in-
nate immune responses allowing H.P. to survive [28,33,34]. The
other virulence factor vacA also exerts different effects on the tar-
get cells, including disruption of mitochondrial functions, stimula-

tion of apoptosis and blockade of T-cell proliferation [35].

Causes and risk factor of stomach cancer

H.P. is a primary carcinogen because long term carrying of H.P.
has been found to increase the risk of developing gastric adenocar-
cinoma approximately 1 to 3 times [36]. In Japan, with a mean fol-
low up 7.8 years report that gastric cancer developed in 36 (2.9%)
inpatient who had H.P, in a prospective study made on 1526 Japa-
nese, 1246 had the Helicobacter pylori and 280 didn’t [37]. also
found that there is an increase in the risk of who had gastric ulcer
to develop gastric cancer about 5 (2.2%) of 297 patients with gas-
tric ulcer and none of the 275 with duodenal ulcers [37]. Other
risk factors include gender its more common in male than female,
age it occurs often in age over 40 years old, geographic factor for
example Asian individual and south American have a high risk of
gastric cancer, Smoking, salt intake, drinking alcohol and its risk
effect can be only due high consumptions, Red meat, high fat, Obe-
sity, radiation and family history [38].

Prognosis of stomach cancer

Prognosis of stomach cancer can be different from patient to
another according to different factor and this factor will determine
either cancer can be treated or not. The site of the tumor if it’s in
the lower part of the stomach it can be treated more than in the
upper part of the stomach. Another factor is the distance that the
tumor invades the stomach wall and if the lymph node is involved
or not [39]. If the tumor spread and reach the different area out-
side the stomach its cant be treated, and the possible treatment is

to decrease the symptoms of cancer [39].

Eradication of H.P. decreasing the risk of stomach cancer

In a study made by, Ma,, et al. 2012, with a mean follow up 15
years reported that during nearly 15 years period of treatment by
amoxicillin and omeprazole there is a significant decrease in stom-
ach cancer incidence by (39%) [40]. Also, a mixture of vitamin C,

vitamin E and selenium was significantly causing a reduction in
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mortality rate from stomach cancer [40]. A meta-analysis made by,
Fuccio., et al. 2009, to see the effect of H.P. eradication treatment on
reducing the risk of stomach cancer, found that eradication treat-
ment of H.P. will reduce the incidence of stomach cancer by (44%)
[13,41]. On the other hand, the massive use of eradication treat-
ment may lead to the initiation of antibiotic-resistant strains of H.
pylori in the overall public, and additionally an over-utilization of

medicinal assets [42].

Role of diet in decreasing the risk of H.P.

People who eat food with high fiber have shown a significant
decrease in H.P. infection [13]. Not only high fiber but the diet in-
clude lots of vitamin especially antioxidant vitamins like vitamin c,
vitamin e, b-carotene, and a-carotene can be protective of the dam-
age of infection [43]. In a study made by Li,, et al. 2014, found that
treating of H.P. by antibiotic lead to treat or decrease the risk of

stomach cancer [44].

Mechanism of gastric cancer production by H.P.
H.P. can lead to the development of gastric cancer by 2 mecha-

nisms-indirect and direct.

Indirect mechanism

It occurs as H.P. induce an inflammation process that will lead
to replacing the old cell with a new one through mitosis. After a
time, there will be an accumulation of mitotic error this process
was explained by Correa’s hypothesis (Figure 1) [45]. The presence
of the inflammation will lead to atrophic gastritis that will increase
the pH and cause the environment to be alkaline [46]. The alkaline
environment will help the H.P. to colonize and start proliferation
[46]. Also, gastritis in the antrum cause hyperchlorhydria that will
lead to a duodenal ulcer which considers as a risk for developing
gastric cancer [46]. The gastritis is caused predominantly by cd4

th1l-cell response also neutrophil and macrophages are present

Figure 1: Correa’s hypothesis - the histopathologic stages from

normal gastric mucosa to gastric carcinoma [13].

which produce reactive oxygen and reactive nitrogen species (ROS/
RNS) [37]. These all combine with hydroxyl ion will lead to oxida-
tive stress then DNA damage [37].

Direct mechanism
The H.P. influences the gastric epithelial cells by the toxic action
of its virulence factors and this will lead to mutations in the cell-

cycle regulating genes, inadequacies DNA repair, loss of the adhe-
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in-associated gene A (cagA) and vacuolating cytotoxin A (vacA)
that shown through extensive research to be associated with gas-
tric lesion and its progression to be malignant [48]. CagA positive
found to cause by producing an inflammatory reaction a progres-
sion from gastritis to atrophy of the glandular mucosal cells and
a higher risk of GC [49]. Then cagA enters the epithelial cell with
peptidoglycan through a bacterial type IV secretion system and it’s
encoded by the campaign [49]. CagA will induce different cellular
signals such as mitogen-activated protein kinase (MAPK [49]. Pep-
tidoglycan will induce NF-kB expression and phosphoinositide-3
kinase (PI3K-AKT) signaling pathways [49]. Also, cagPAl+ will
enhance the expression of an enzyme called Activation Induced
Deaminase (AID) in the gastric mucosa that will lead to mutation
in the DNA [50]. VacA participates in enhancing the longevity of
the H.P. by disrupting the epithelial cell barrier and suppressing
the T-cell response. Also, it disrupts the proliferation of apoptosis
balance by the activation of proinflammatory signal pathways that
targets the mitochondria and causes programmed cell death [51].
A combination of all these factors affect will lead to gastric cancer
[46].

Conclusion

H.P. infection has an important carcinogenic role in the develop-
ment of cancer stomach. Eradication of H.P. will decrease the risk
of developing stomach cancer. Gastric cancer is a major leader of
death with a high fatality rate and there is a gradual increase in the
incidence due to some factors. There is a strong relation between
H.P. and Gastric cancer that can be due to different factors includ-
ing environmental, host and virulence factors. On the other hand,
you can't just say that the only cause of gastric cancer is the H.P
pylori because there are other causes and risk factors. But H.P. is
considered now as one of the major causes that should be focused
on when we want to treat cancer because eradication of H.P has a

strong effect on stomach cancer.
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