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Abstract

Helicobacter pylori are gram-negative bacteria that colonize the gastric epithelia of approximately 50% of
the world’s population. This infection is considered to be the leading known cause of chronic gastritis, peptic
ulcers, gastric MALT and gastric cancer. In addition, there is evidence linking the bacteria to several extra-
gastric diseases. The association of extra-gastric diseases with colon cancer and other colonic neoplasms has
been the subject of much debate since it was first suggested. Although some studies have cast doubt on this
association, others have sustained it. These include a recent meta-analysis and cross-sectional study of more
than 150,000 patients which is the largest on this subject so far. In addition, there are numerous articles that
support the biological plausibility of this association. In this article we review the available evidence regarding
this association and the mechanisms of causality that have been proposed.
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INTRODUCTION

Helicobacter pylori (H. pylori) is a spiral gram-negative
bacillus that infects human gastric epithelia (1). It was
first cultivated by Warren and Marshall in 1983 (2). It
infects approximately 50% of the world’s population (3,
4), although its prevalence varies significantly among geo-
graphical areas, social classes, ages and races (5-7). Fifteen
years ago this bacteria was classified as a Type 1 human car-
cinogen, by the World Health Organization’s International
Agency for Research on Cancer (IARC) (8). H. pylori,
hepatitis B, hepatitis C and human papillomavirus are the
four infectious agents that cause more than 90% of cancers
associated with infections (9). These bacteria have causal
relationships with a series of gastric diseases including
chronic gastritis, gastric cancer, peptic ulcers and MALT

lymphoma (10-12). However, the percentage of infected
people who develop clinically significant disease is low
(20%) and development of clinically significant disease
requires coexistence with the bacteria for decades, indi-
vidual genetic susceptibility and depends on bacterial viru-
lence factors (13, 14). In addition to the gastric diseases
mentioned, it has been suggested that H. pylori can also
be associated with extraintestinal entities such as coronary
disease, neurodegenerative diseases and hematological dis-
eases. Certainty is greatest for hematological diseases (14-
23). Although published data are contradictory polyps and
adenocarcinoma of the colon have recently been associ-
ated with H. pylori infections (24-27). This review aims to
bring together and discuss the currently available evidence
concerning the relationship between H. pylori and colon
cancer and the mechanisms proposed for this association.
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METHODOLOGY

The following search strategy was used in the PubMed data-
base: (((Colonic Neoplasms OR Colonic Neoplasm OR
Neoplasm, Colonic OR Neoplasms, Colonic OR Colon
Neoplasms OR Colon Neoplasm OR Neoplasm, Colon OR
Neoplasms, Colon OR Cancer of Colon OR Colon Cancers
OR Cancer of the Colon OR Colonic Cancer OR Cancer,
Colonic OR Cancers, Colonic OR Colonic Cancers OR
Colon Cancer OR Cancer, Colon OR Cancers, Colon)))
AND ((Helicobacter pylori OR campylobacter pylori)).
The search was limited to the last 5 years. Titles and abstracts
of articles were reviewed, and those that were going to be
fully reviewed were selected. Later, articles referred to in the
selected articles were also reviewed.

ASSOCIATION BETWEEN H. PYLORI AND COLON
CANCER

Some prospective studies have not found any associa-
tions between H. pylori and colorectal cancer (CRC) (25,
28-30). For example, in one recent prospective case-con-
trol study, blood samples from 93 fasting people who had
been diagnosed with CRC were assessed for levels of gas-
trin antibodies, antibodies against H. pylori and expression
of the CagA protein by H. pylori. They were then compared
with 20 age-matched controls (31). This study found no
significant differences between the two groups for any of
the three variables assessed.

In contrast a 2006 meta-analysis of 11 papers that stud-
ied this association found that those infected with H. pylori
have an odds ratio of 1.4 for CRC (32). The possibility
exists that this result could have been influenced by bias.
Another meta-analysis of case and control studies up to
2007 again found a statistically significant association
between H. pylori infection or the presence of anti-H.
Pylori IgG antibodies and CRC risk with odds ratios of
1.49 and 1.56 respectively (33). More recently Sonnenberg
and Genta conducted the largest case-control study to date
that has analyzed the possibility of this association (34).
Their study reviewed the results of gastric and colon biop-
sies of more than 156 000 patients. Biopsies had been per-
formed on the same day that patients had undergone colo-
noscopies and upper endoscopies. The presence of gastritis
due to H. pylori was defined as evidence of active chronic
inflammation in the gastric mucosa and presence of the
bacteria. This was evaluated using immunohistochemistry
which is the most reliable method for detecting H. pylori
in gastric biopsies (35, 36). Patients with H. pylori gastritis
were more likely than patients without H.Pylori to have

all of the following conditions in the colon: hyperplastic

polyps (OR = 1.24), adenomatous polyps (OR = 1.52),

advanced adenomas (OR = 1.80), villous adenomas with

high grade dysplasia (OR = 1.97) and adenocarcinoma

(OR =2.35). As this evidence shows, the strength of the

association increased with increasing severity of the neo-

plasia. Despite the methodological rigor of the study, some
authors believe that the results of this important study
should be interpreted with caution (37). They point to the

following limitations of its design (7, 38):

1. The group studied consists only of individuals with
indications for endoscopy, so it is not necessarily repre-
sentative of the general population.

2. Since it is a cross-sectional study, it can demonstrate
association but not causation.

3. Mostofthe ORsreported in the study were not adjusted
for possible confounding factors such as age and sex.
This is of great importance given that the prevalence of
H. pylori varies with age, and its prevalence decreases
progressively in successive generational cohorts of
those born in developed countries.

Finally, some studies have shown a positive association
between CRC and CagA positive strains of H. pylori (39,
40). For example, the case-control study of Shmuely and
colleagues found an increased risk for this disease in the
infection by CagA + strains with an OR = 10.6 by com-
paring those infected with H. pylori CagA + with those
infected with H. pylori cagA- in a group of 67 patients
diagnosed with CRC (40).

PROPOSED MECHANISMS FOR COLON CANCER RISKS
IN PATIENTS WITH H. PYLORI INFECTIONS

It is considered that the increased risk of colonic neopla-
sia in individuals infected with H. pylori is associated with
the rise of production of gastrin triggered by this bacte-
ria (34, 41). This is the best supported proposal for this
mechanism. For many years, it has been known that H.
pylori infections lead to a rise in gastric gastrin production
primarily in response to food intake. This can be reversed
by removing the bacteria (42-44). H. pylori, especially
CagA positive strains, induce inflammatory responses in
the colonized gastric mucosa that causes D cell deficien-
cies in the gastric antrum. It also leads to chronic atrophic
gastritis with consequent reduction in the production of
acid. Both situations cause hypergastrinemia (31, 45, 46).
In addition, H. Pylori exerts stimulates gastrin production
by G cells due to excessive production of proinflammatory
cytokines, ammonia and growth factors such as TGF-a and
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EGF (33,47, 48). Gastrin causes trophic activity in certain
gastric cells with production of gastric polyps and neuro-
endocrine tumors (49, 50). This is the mechanism that has
been invoked for the development of benign and malignant
neoplasias in the colon (41, 51, 52). High levels of serum
gastrin could act as a hormone which directly promotes
proliferation of cells in the mucosa of the colon leading to
an increase in the risk of carcinogenesis (53-56). Another
mechanism that may play a role in this proliferation could
be early expression and activation of gastrin receptors in
colonic polyps and more advanced neoplasias (57, 58).
This would condition its accelerated progression in the
presence of hypergastrinemia secondary to the H. pylori
infection. It has also been shown that gastrin is related to
high levels of inflammatory mediators such as COX-2 and
IL-8 which might contribute to the development of colon
cancer (39, 59). In addition, increased expression of the
inducible enzyme COX-2 secondary to H. pylori infection
is considered to be involved in the risk of developing CRC,
since (48), an association between the expression and tis-
sue activity of COX-2 and development and progression of
colon cancer and other neoplasias has been shown to exist
(60, 61). For these reasons, the use of enzyme inhibitors
such as NSAIDs have an important effect that reduces the
risks of CRC and mortality due to CRC (62-64). H. pylori
may increase the expression of COX-2 by increasing proin-
flammatory cytokines and by increasing gastrin levels (48).
The ultimate effect of this would be increased angiogenesis
in the proliferation and mutagenesis of the mucosal cells of
the colon while decreasing their rate of apoptosis both of
which are related to carcinogenesis (61, 65).

On the other hand, there is the possibility that H. pylori
acts directly on the mucosa of the colon to promote the
development of neoplastic changes (66, 67). Nevertheless,
the statistically significant association that exists does not
imply causation. A recent experimental in vitro study dem-
onstrated that the lipopolysaccharides (LPS) of H. pylori,
the major constituent of its outer membrane, may interfere
with the DNA repair system of the cells of the colon. This
may cause genotoxicity and influence the development of
colon cancer (68). The same study has shown that cellular
production of nitric oxide (NO) increases in response to
the LPS of H. pylori has a central role in this genotoxic-
ity process. Nitric oxide causes chronic inflammation thus
mediating carcinogenesis (69, 70). The carcinogenic effect
of NO in colon cells could occur through inhibition of
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DNA repair enzymes and through pro-apoptotic effector
proteins as the result of nitrosylation of their cysteine and
tyrosine residues, as has been shown to occur in other cells
of the gastrointestinal system (71, 72). The mechanisms
involved in the genesis of CRC in patients infected with H.
pylori are shown in Figure 1.

Finally, some authors have suggested that alterations in
intestinal microbial flora secondary to decreased secretion of
acid in atrophic gastritis caused by H. pylori infections may
be another factor leading to progression of CRC (31, 73).

Increased production of gastrin and COX-2 in colon
cells and increased production of lipopolysaccharides on
the cell walls of H. pylori lead to the development of pol-
yps and progression of CRC in individuals infected with
H. pylori.

CONCLUSIONS

There are statistically significant associations between H.

pylori and CRC in published metaanalyses and in large case-

control studies (32, 33, 34). Nevertheless, the possibility of
bias cannot be discarded in metaanalyses, and confound-
ing variables may not have been controlled for in the work
of Sonnenberg and Genta (34). Therefore, causality cannot
definitively be established even though there is avery strong
association together with biological plausibility.

The pathophysiological model contains three mechanisms:

1. Inflammation caused by H. pylorileads to increased tis-
sue activity of COX-2 which could promote the devel-
opment of colonic neoplasias. This mechanism that has
sufficient evidence (48, 61, 65).

2. Detection of H. pylori in colonic neoplasias (66, 67)
and the recent discovery of the carcinogenic activity of
the components of its membrane on colonic cells allow
us to talk of a direct effect by the bacteria (68).

3. The main mechanism, supported by multiple investiga-
tions, has to do with hypergastrinemia secondary to H.
pylori infections which would be the trigger for neo-
plastic colonic alterations (34, 41-44, 53-56).

In conclusion, although so far no one can say with certainty
that the association between H. pylori and colon cancer is
causal, current evidence and biological plausibility support
this possibility. These bacteria may well be one of the fac-
tors in the complex multifactorial process that leads to the
development of CRC.

Review articles



Figure 1. Main mechanisms involved for colon cancer development by H. pylori infection. Image produced using individual images obtained from
Servier Medical Art under its conditions of use.
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