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Summary

Helicobacter pylori is a microorganism able to colonize gastric mucosa in humans where it can produce chro-
nic gastritis and other type of complications. H. pylori is present approximately 20-50% in the industrialized
countries but in developing countries its prevalence is the highest because approximately 80% of people are
infected with the bacteria. In general this bacteria is variable in its genome but the greatest genetic plasticity
is located at 40kb DNA segment, knowing as a pathogenicity island (PAI), inside of this DNA segment there
are cagA gen which coding for CagA protein and genes that coding for type IV secretion system that is ne-
cessary for export CagA protein into target cell. cagA gen is important because it is a marker of PAI presence
and because the presence of cagA has permitted classified H. pylori strains in cagA+ and cagA-, which is of
great importance due cagA+ strains are more virulent than cagA- strains, although the principal importance
of cagA + strains is its special association with gastric cancer. The aim of this review is study the functions of

pathogenicity island genes and its association with gastro duodenal pathologies developing.
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INTRODUCTION

Helicobacter pylori (H. pylori) are gram negative bacteria
that colonize the body and the antrum of the human sto-
mach causing gastritis and complications such as gastric
and duodenal ulcers, MALT lymphoma and gastric adeno-
carcinoma (1-3). The outcome of the disease depends on
environmental factors, the host and the bacterium (1-3).
Among the characteristics attributed to the organism are
several virulence factors which allow it to colonize the gas-
tric mucosa, survive in the acidic environment of the sto-
mach and evade the immune response (1, 2).

Unlike other enteric pathogens such as Salmonella and
Yersinia that have evolved mechanisms to invade the M
cells of the intestinal epithelium, H. pylori remains prima-
rily in the gastric mucus outside of the gastric epithelial
cells. However, thanks to several virulence factors, it is
capable of triggering signals in host cells that interfere with
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basic cellular processes and which ultimately culminate in
the onset of disease (1, 4). One of the most studied viru-
lence factors encoded within the pathogenicity island is the
cag A gene the protein it codes for, Cag A (2-4). H. pylori
strains capable of coding for this protein are called Cag A
positive strains. The gene has been found in approximately
90% of all patients infected with the microorganism whose
presence has been associated statistically with duodenal
ulcer, gastric mucosa atrophy and gastric cancer (5).

The objective of this review is to broaden the outlook on
the importance of the pathogenicity island to cagA in H.
pylori and to analyze how some of the genes in this island
contribute to the development of gastroduodenal diseases.

PAI GENERAL CHARACTERISTICS

Bacterial evolution is not a continuous process. It can result
from horizontal transfer by acquiring DNA segments of
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unknown origin which are integrated into the bacterial
chromosome by homologous recombination (4). This new
portion of the integrated DNA is known as an island. Its
DNA can code for multiple proteins involved in iron sto-
rage systems, metabolic enzymes, secretion systems, cell
surface proteins, adherence factors, toxins and so on (4,
6). The pathogenicity islands (PAls) are characterized by
the following: they have a guanine-cytosine content (GC)
different from the rest of the genome, they have a constant
codon which adapts to the bacterial chromosome, they are
surrounded by direct repeats (DR); they are associated
with gene transfer RNA (tRNA); and they have genes that
code for mobile factors such as integrase, transposase and
insertion sequence elements (IS) (6). The importance of
the DR regions of tRNA genes and IS elements is that they
act as deletion sites for PAIs causing them to be unstable
(6). However, these regions can also act as DNA binding
sites. In H. pylori, one of the sequences which serves as a
binding site is the glr gene encoding glutamate racemase
(6). Thanks to the presence of these regions after the initial
acquisition of foreign DNA, PAIs can be optimized accor-
ding to the needs of the recipient cell (4).

Pathogenicity islands are regulated by genes which
code for regulatory factors located within the same island,
although these regulatory genes may also be involved in
regulating genes outside the PAI. However, a PAI may also
be regulated by genes located outside of it which at the
same time regulate housekeeping genes (6).

H. PYLORI PATHOGENICITY ISLAND

The concept of PAIs was initially developed by to describe
the acquisition of DNA segments by pathogenic E. coli
strains which were absent in nonpathogenic strains (7). In
1996 Censini et. al. found the presence of PAI in H. pylori,
these findings have since been confirmed and extended by
subsequent studies. The H. pylori PAI was initially called
cag (cytotoxin associated gene) because it was thought
to be associated with the expression of VacA (vacuolating
cytotoxin). However, it was subsequently observed that
VacA and PAI are independent (4, 8).

According to analyses of H. pylori’s genome, its PAI is
considered to be the most important zone of variability in
its entire genome (9). It consists of an open reading frame
(ORF) of 40 kb surrounded by 31pb of direct repeats.
These contain recombination sites corresponding to the
last nucleotides of the glr gene coding for glutamate race-
mase (4). The cag PAI lies between a glr gene and an ORF,
the function of which has not yet been described. It is
known as ORFS and was designated HP0519 by Tomb et.
al. in 1997 (10). Both at the left and to the extreme right
end the PAT has insertion sequences called IS60S elements.

They vary in number depending on the strain. Strains with
many insertion elements have been designated as type II
strains, which are less virulent than type I strains contai-
ning a PAI (11). In additional two of the IS60S elements
are responsible for splitting the PAI into two regions which
are designated cag I and cag II (4, 7), Figure 1A.

H. pylori cag PAI can be found as a single unbroken unit,
divided into two regions by an insertion sequence, or as
a partially deleted DNA fragment. C. Audibert et. al. (5)
assessed the structure of H. pylori cag PAI strains and found
some that had no cag PAI disruption, some with cag PAI
split in two, and others without cag PAI They also reported
the finding strains that had only middle region (IS605) and
cag II, as well as strains with only the middle region and
cag I, and other strains with only cag I, only cag I or only
IS 605 (5).

Some genes on the island encode proteins similar to those
involved in DNA transfer (Vir and Tra) and in the export of
toxins (PTL). However, these genes do not have conserved
operons of Vir, Tar and PTL proteins as in other micro-
organisms. This suggests that PAI is not derived directly
from those systems. The type IV secretion system is found
within the proteins involved in transfer (12). Sequencing
of strains NCTC 26695 and 11638 has found 30 proteins
encoded by the PAI genes have a signal sequence. Its size
is approximately 25 amino acids, suggesting that PAI has
a Gram-negative origin (4). It also codes for eight internal
membrane proteins with at least two membrane domains.
The percentage of nucleotide identity among PAI strains is
approximately 97% which means that among these strains
the remaining 3% may represent significant differences in
important biological functions (12).

cag IT and cag. Censini et. al. (7) designated a segment
of DNA from cagA + strains which is present in PAI as cag
I1, and the segment that contains the cagA gene as cag L.
However a study by Akopyants NS, et. al. (10) found that
portions of the cag II segment hybridizes with segments of
cagA- strains indicating that on both sides of this segment
there are sequences which are common to all strains of H.
pylori. (10)

Studies by Akopyants NS, et. al. (10) show that cag II
is a 19kb segment that consists of 15 open reading frames
unique to cagA + strains. 64% of their content is A+T,
while 65% of cag I's content is A+T and 61% of the content
throughout the entire chromosome of the microorganism
consists of A+T. Four ORFs found in cag II (Table 1) have
genes which encode proteins homologous to A. tume-
faciens and B. pertussis, required for the release of toxins
and for transfer of DNA. In addition, to the right of cag II
ORF 21 and ORF 22 encode transposases of IS elements
homologous to those in other bacteria and corresponding
to repeated sequences (“RS2”), known as IS 605 (10).
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Figure 1a. Represents the pathogenicity island of H. pylori. This region is found between the glr gene and an ORF HP0519, the function
of which is not known. The PAT is surrounded by direct repeat sequences (DR). It is divided into cagl and caglI by IS60S elements, the
quantity of which may vary among different strains. Within the cagl and cagll regions there are genes involved in coding for T4SS. The

cagA gene is found within cagl, but not cagll.

Table 1. H. pylori ORFs, the genes of which encode proteins homologous
to A. tumefaciens and B. pertussis.

ORFinH. pylori  Homologous genes in A. Homologous
tumefaciens genes in B.
pertussis
ORF 11 vir B 11 ptl/H
ORF 13. 14 vir B 10 ptl/ G
ORG 15 virB 9 ptl/ F
ORF 10 virlD 4

Type IV Secretion System Encoded by PAI

Micro-organisms have developed systems of communica-
tion between themselves and their habitat as taxis systems,
quorum sensing systems and secretion systems (4). In
Gram-negative pathogenic bacteria four different secretion
systems have been described (which does not rule out the
possibility of more). Through these systems they excrete
proteins, enzymes, DNA or virulence factors (4). However,
among these four secretion systems, only two have been
described as capable of carrying virulence factors, the type
I1I secretion system present in some enterobacteria and the
type IV secretion system (T4SS) (4). Although these two
systems are both capable of carrying virulence factors, their
evolutionary origins are different. The former is related to
the flagellar system, while the second probably has its ori-
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gins in the bacterial conjugation apparatus. This explains
why it allows transfer of DNA. H. pylori allows not only
horizontal gene transfer, but also importation of peptido-
glycan and CagA protein into the epithelial cell (4).

The components, role and position of the type IV secre-
tion system of H. pylori are homologous to components of
A. tumefaciens (identified as vir B) (13). About 18 genes
identified within the PAI are responsible for encoding for
the type IV secretion system in H. pylori. Thanks to electron
microscope studies T4SS has been identified as a filamen-
tous organelle located at one pole of the bacterial surface
and induced by contact (13, 14). The model of organization
for the type IV secretion system suggests that its proteins
are grouped into cytoplasmic proteins (inner membrane
proteins), proteins which form the central or core complex
located in the periplasm, and proteins that are part of the
pili or surface structure which project beyond the outer
membrane (14).

Once auxiliary adhesions put the organism in contact
with an epithelial cell, T4SS assembly begins. Initially,
the proteins which are part of the inner membrane, such
as CagE/HPOS44 (VirB4) and HPOS2S (VirB11), are
assembled (15). They possess AT Pase activity which allows
translocation of the substrate. An additional protein, VirD4
which is homologous to HPOS24, is responsible for delive-
ring the substrate to the T4SS secretion machinery (15).

Next, assembly of proteins which will make up the cen-
tral complex of the T4SS begins. Among these proteins is

Update



CagT/12 (HPOS32). Located at the base of the organelle,
it allows assembly of the rest of the organelle. Other pro-
teins which are assembled into the core complex include
CagV/10, CagX/8 (HPOS28) and CagY/7 (HPOS27)
which are homologous to VirB7, VirB8, VirB9, and VirB10,
respectively (14 and16). Although these proteins have
been described as part of the central complex, a protein-
protein interaction study done by Valerie J. Busler et. al.
(14) in 2006 revealed that three of these proteins, CagY / 7
CagX / 8 CagT/12 are associated with the pili formed bet-
ween H. pylori and epithelial cell. They also propose that
other proteins such as CagM/16 Cag, Cagl/19, CagG/21
and CagF/22 may represent species specific core com-
plex components of H. pylori (14). Because the proteins
that form the core must cross the peptidoglycan, additio-
nal proteins have been identified such as HPO523 which
is homologous to VirB1. It may act as a transglycosylase,
smoothing the murein layer of the bacterial cell wall and
facilitating T4SS assembly through the bacterial wall. This
is also necessary for maturation of CagY/7 CagT' /12 and
for maturation of HPOS539 which is a possible chaperone
of these proteins (16).

Finally proteins that form the pili are assembled. The
main component is cagC which is homologous to VirB2.
It is wholly or partially coated by CagY and CagL, the latter
serving as an adhesin allowing connection between T4SS
and the target cell (15), Figure 1b.

Once assembled the T4SS allows transfer of CagA to the
epithelial cell. This requires that the secretion system inte-
ract with a specific receptor on the host cells. This is why
it has been proposed that host cell integrins might interact
with CagL protein. Integrins are transmembrane cell- cell
adhesion molecules and cell-extracellular matrix motifs that
bind Arg-Gly-Asp (RGD). CagL contains these motifs, so
it is possible that interaction of integrin aSP1 and pili takes
place after they inject the CagA protein. (15)

After assembly of the T4SS and adherence of the type IV
secretion system to the epithelial cell, CagA protein is trans-
terred. This requires CagF protein to act as a chaperone. It
binds to the C-terminal portion of the signal sequence of
CagA protein until it is translocated to the epithelial cell.

(15).
cag A

cag A is a cytotoxin-associated gene which encodes the
CagA protein (2). Within the cag PAI region there are 31
open reading frames (ORF). One of these ORFs enco-
des the immunodominant antigen CagA which is located
towards the 3’ end of the pathogenicity island. CagA pro-
tein was first identified in PAI and is the most important of
H. pylori’s virulence factors. Its presence (cagA +) is a direct

marker for PAIL The protein was discovered in the early
1990s independently by Cover et. al. (15) Jean Crabtree
et. al. (15) and Covacci et. al. (15). Since then several stu-
dies have highlighted its importance in the pathogenesis of
the organism (17). The molecular size of cagA varies from
120kDa to 145 kDa and depends on the number of repe-
titive sequences located in the 3 ‘region of the gene. In the
absence of repetitions, CagA has a molecular weight of 128
kDa. Each iteration increases its molecular weight 4kDa,
up to a maximum of 4 repeats (4). In western strains two
types of repeats have been found: a 57 bp repeat followed
by a repeat of 102 bp. In Asian strains the same initial S7bp
repetition has been found, but it is followed by a 162pb
repetition (18). Protein is translocated (“shot”) through
the type IV secretion system into the host cell and subse-
quently phosphorylated at specific sites known as EPIYA.
It thus interacts with various signaling pathways, triggering
changesin the cytoskeleton, the morphology and the mobi-
lity of the host cell (15.19). Once CagA is translocated into
the host cell it is tyrosine phosphorylated by host kinases.
Phosphorylation occurs at Glu-Pro-lle-Tyr-Ala sites (also
called EPIYA motifs) which can be repeated up to five
times in the middle of CagA terminal carbon. Repetitions
of these motifs are surrounded by repetitive DNA sequen-
ces involved in recombination. Based on these sequences,
four EPIYA sites have been termed A, B, C and D (15.20).
The presence of these repeats surrounding EPIYA motifs
is of great importance since they could explain both the
variability in the number of motifs in CagA and differences
in the pathogenicity of H. pylori strains. One of these diffe-
rences is that between Western strains and Asian strains.
Western strains are characterized by CagA protein which
consists of EPIYA sites A and B followed by one to three
repetitions of 34 amino acids that contain EPIYA-C. Asian
H. pylori strains are generally characterized by expressing
CagA with sites of EPIYA-D which replaces EPIYA-C (3,
15, 20). Different types of EPIYA determine Cag A pro-
teins. Anthropologically they could identify the origin of
the ancestors of a given population (18). The number of
repetitions, especially in secondary protein motifs, are of
particular importance in gastric cancer, the incidence of
which is significantly higher in patients infected with H.
pylori strains presenting multiple repetitions. However, the
poor survival rate of these strains in acid pH limits their
ability to contribute to the development of gastric cancer.
For this reason it has been suggested that they develop
after patients develop atrophy and hypochloridia (3, 15).
Nevertheless, this suggestion remains in the realm of theory
as it is not known how interactions might be carried out
with the microorganism that would lead to the conditions
of mucosal atrophy which allow the organism to develop
alternatives that worsen the condition (21). One possibi-
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Gastric epithelial
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Figure 1b represents the T45S of H. pylori.

Corresponds to protein CagA protein.
Corresponds to CagF proteinwhichchaperones
Cagh

Correspond to proteins suchas CagE/HPO544
which provide energy.
Correspond to core proteins: CagTM2 (HPO532),
CagVM0,CagX/8 (HPO528)y CagY /T (HPO52T)

Corresponds to HPO523, a homologue of VirB1
whichcanactas a transglycosylase andwhich
smooths the mureine layer of the bacterial wall.
Corresponds to the largest protein formed from
CagC pili.

Corresponds to CagL, the protein which
recoversCagcC.

Represents integrin which joins with CagL.

s L 00N

Figure 1b. Secretion system of Type IV H. pylori (T4SS). The figure shows the organization of proteins which form the T4SS of the
microorganism. Proteins which function as ATPases organize are located in the internal bacterial membrane. Other proteins form
the central complex and are available in the bacteria’s periplasmic space. Finally, the proteins which form the pili, and which allow
communication with the cell’s through the integrin required for later injection of CagA, cross part of the peptidoglycan and the external

membrane.

lity would be co-infection with H. pylori strains with diffe-
rent CagA occurring at the start, or during the course, of
the disease.

In normal cells, phosphorylation is mediated by kinases
of the Src family known as SFKs. Their function is to con-
trol processes in the cytoskeleton, cell proliferation and cell
differentiation, however they have also been found in pro-
cesses of carcinogenesis. Other kinases that phosphorylate
CagA, such as c-Abl and Arg, belong to the Abl family (15).
Srcisactivated during the initial stages of H. pyloriinfection,
0.5 hours to 2 hours, whereas Abl is continuously activated
by the organism (15). Once CagA is tyrosine phosphoryla-
ted by these kinases, it specifically binds to and activates
tyrosine phosphatase SHP-2, an oncoprotein, the muta-
tions of which are associated with human malignancies.
CagA deregulates SHP-2, disrupting the Erk MAP kinase
and the dephosphorylated FAK (focal adhesion kinase)
inducing changes in cellular morphology which adopts
a phenotype known as a hummingbird shaped cell (15).
Cag A also impairs cell-cell interactions independently of
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phosphorylation. Cag A destroys tight junctions and cau-
ses loss of polarity in epithelial cells. It also destabilizes
complex E-cadherin / B-catenin (3,22). There is a possibi-
lity that the interaction of CagA with cellular derangement
may include key steps in the development of gastric cancer,
although this is still being studied (22). This mechanism
implies that H. pylori may not only have an indirect onco-
genic effect through causing persistent inflammation and
hyperproliferation with the risk of free radicals that injure
the DNA of cells with rapid growth, but may also have a
direct oncogenic effect on gastric epithelial cells through
the oncoprotein Cag A, (22).

Naomi Ohnishi, et. al. (22) demonstrated in vivo that
CagA is a bacterial oncoprotein whose expression is suffi-
cient to cause tumors. For this important research they
used transgenic mice capable of expressing the Cag A pro-
tein, which may or may not phosphorylate. The formation
of tumors in these mice was associated with the CagA tyro-
sine phosphorylation essential for CagA interaction with
deregulated SHP-2 oncoprotein. This allowed abnormal
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proliferation of gastric epithelial cells and altered the leu-
kogenesis supporting the association of H. pylori infection
and the development of B cell lymphomas (22).
Nevertheless, translocation of CagA, its subsequent
phosphorylation, and subsequent effects these cause in sig-
naling pathways and cellular morphology may be influen-
ced by factors in addition to kinases. Ho Chin Lai, et al.
(23) demonstrated that cholesterol is an important factor
in the action of Cag A and that when there is a decrease in
cellular cholesterol the translocation of CagA by TSS4 and
phosphorylation reduces, and there is a blockade of cellular
responses induced by the protein, including the form of a
hummingbird phenotype and induction of IL-8 (23).

cagA PAl in patients infected with H. pylori

H. pylori colonize the gastric mucosa in approximately 70%
to 90% of individuals in underdeveloped countries. They
acquire the organism at early ages, but the majority (80%)
remain asymptomatic. This which may be due in part to
the strain that they have been infected with, however in
susceptible individual’s gastric mucosal damage ranging
from gastritis and ulcers to gastric carcinomas and MALT
lymphomas may develop (24).

Using the cagA gene as a marker to study the presence
of the PAI several studies from different parts of the world
have found associations between the presence of this viru-
lence factor and the severity of patients’ diseases (11, 17,
24). Hasan Umit, et. al. (24) found an association between
the presence of cagA and the degree of inflammation in
the body and antrum of the stomach, and they found that
antral glandular atrophy is associated more with cagA +
strains than with cag A- strains. Aime T. Franco and other
authors (25) have shown that cagA + strains are required
for induction of dysplasia and adenocarcinoma in the
gastric mucosa of Mongolian gerbils. They also found the
presence of other virulence factors including OipA, which
has also been found in precancerous lesions in humans
(25). Nilsson, et. al. (26) reported that cag PAI without
deletions has been associated with an increased risk of the
development of severe diseases, while strains with internal
deletions are less virulent. A. Mohaboob et. al. (11) had
results consistent with the findings of Nilsson, finding that
there are associations between the histological damage
caused by H. pylori strains with complete cagPAI and that
partial deletions correlate with disease status. They found
cagPAI partial deletions in patients with duodenal ulcer
and functional dyspepsia, while in patients with gastric
ulcers and gastric cancer complete cagPAI strains predomi-
nated. They also found that strains with complete cag PAI
dominated in this population (11). Other researchers have
found no differences between complete and partially dele-

ted cag PAI in relation to the severity of inflammation and
neutrophil activity in a study of infected Korean children.
That study used the presence of cagA, cagE and cagT to
assess the structure of cagPAI (27).

Besides the relationship mentioned above, it has been
postulated that cag A positive strains have the ability to
induce production of interleukin 8 (IL-8) through its abi-
lity to activate MAP kinases, which regulate differentiation,
proliferation, apoptosis, stress and inflammatory responses
(5 and 28). However, recent studies have reconsidered
the possibility of encountering a correlation between the
structure of cag PAI and induction of IL-8. These studies
found that deletions of various genes of the cag PAI- with
the exception of cagA — did not generally diminish induc-
tion of production of interleukin. For this reason they pos-
tulate that different genes within cagPAI may be involved
in the induction of IL-8, for example proteins external to
the membrane such as OipA (S, 30, 31). OipA is an outer
membrane inflammatory protein, its expression is regula-
ted by a repair mechanism based on the number of cyto-
sine-thymine (CT) repetitions in the S’ end region of the
gene oipA. Depending on “on” or “off “ status of the gene it
may affect the virulence characteristics of the organism. Its
expression has been associated with duodenal ulcers, gas-
tric cancer, high densities of H. pylori, the presence of cagA
+ strains, severe infiltration of neutrophils, and induction
of IL-8 (21, 29-31). A study by Yamaoka et. al. (30) exa-
mined the ability of four genes encoding outer membrane
proteins (HPO638 (oipA), HPO796, HP1501 and babA2)
to produce IL-8. They found that mutant strains HPO796,
HP1501 babA2 and even CagE have no significant effect
on the production of IL-8. This differs from oipA mutant
strains of which 81% were cagA + and in which they found
a 50% reduction in the production of IL — 8. Additionally
they found that cagA- with the active oipA gene produces
three times more IL-8 than cagA- with oipA inactive. (30)
However, the mechanisms IL-8 induction in H. pylori infec-
tions are still not fully understood.

CONCLUSIONS

Since Helicobacter pylori has the ability to induce chronic
gastritis, gastric MALT and adenocarcinoma, it has been
classified as a type I carcinogen. Although the factors deter-
mining the development of infection are not understood,
it has been suggested that several of its virulence factors
may be involved in the outcome of the disease. It has been
posited that CagA is a marker for cag PAI, and if cag PAT is
present the organism has the ability to encode for the entire
machinery involved in horizontal transfer and export of
proteins. In addition the presence of cag PAI gives a pano-
rama of extensive genetic diversity to the microorganism.
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It possesses recombination and deletion points for foreign
DNA which confer advantages on the bacteria, enabling
them to acquire virulence factors such as dissemination of
antibiotic resistance.

Although several studies have posited a possible rela-
tionship between cagA + strains and the outcomes of
diseases, this is still a matter for further research because
the outcome does not depend solely on the organism, but
also upon several additional factors. These include the
environment and the immune, genetic, social and cultural
characteristics of the host. It is also important to note that
when considering the microorganism alone there are other
factors in addition to determination of the type of cagA in
a given population that must be considered. The features
present in the motifs of the protein as well as the charac-
teristics of cagPAI must be identified for the specific study
population. In addition, the presence of other virulence
factors of the microorganism independent of cagPAI that
might be influence the pathogenesis of the bacterium must
be verified or discarded. In other words, H. pylori, with all
its virulence factors, is a necessary but not sufficient cause
for the majority of gastric adenocarcinomas in genetically
predisposed individuals.
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