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ABSTRACT:	 Helicobacter pylori is human gastric pathogen that causes chronic and 
progressive gastric mucosal inflammation and is responsible for the gastric inflammation-
associated diseases, gastric cancer and peptic ulcer disease. Specific outcomes reflect 
the interplay between host-, environmental- and bacterial-specific factors. Progress in 
understanding putative virulence factors in disease pathogenesis has been limited and 
many false leads have consumed scarce resources. Few in vitro–in vivo correlations or 
translational applications have proved clinically relevant. Reported virulence factor-related 
outcomes reflect differences in relative risk of disease rather than specificity for any specific 
outcome. Studies of individual virulence factor associations have provided conflicting 
results. Since virulence factors are linked, studies of groups of putative virulence factors are 
needed to provide clinically useful information. Here, the authors discuss the progress made 
in understanding the role of H. pylori virulence factors CagA, vacuolating cytotoxin, OipA 
and DupA in disease pathogenesis and provide suggestions for future studies.
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Helicobacter pylori causes gastric inflammation and is etiologically related to gastric adenocarci-
noma and primary B-cell lymphoma of mucosa-associated lymphoid tissue. Gastric cancer is a 
model for inflammation-induced cancer [1,2]. The infection is typically life-long and is associated 
with a decades-long acute and chronic inflammatory response that results in progressive mucosal 
damage. This has resulted in the highly regulated acid secretory and digestive enzyme producing 
mucosa being transformed through a series of different types of metaplastic and dysplastic epithelia 
to eventually result in gastric adenocarcinoma [2]. There is also a strong environmental component 
involved in the eventual outcome of an H. pylori infection. The powerful effect of the environment 
is reflected in rapid changes in population risk as seen in western countries in the late 19th and 
early 20th centuries where gastric cancer incidence fell and duodenal ulcers became the prevalent 
manifestation of the infection. Later, the incidence of both gastric cancer and duodenal ulcer fall-
ing was the result of the rapid decline in the prevalence of H. pylori. Another example is in Japan 
where the incidence of gastric cancer fell by approximately 60% between 1965 and 1995 despite 
no change in virulence or prevalence of the most common infecting strains [3,4].

The result of the interactions between host, environment and bacterial factors is reflected in the 
most common clinical outcome in a specific population (e.g., atrophic gastritis and gastric carci-
noma vs duodenal ulcer disease) [5]. Host factors are reflected in polymorphisms in host genes that 
govern the intensity of the inflammatory response that also influence the risk of a specific clinical 
outcome [6].
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Overall, the clinical presentation of H. pylori 
infections reflects the pattern and severity of gas-
tritis. For example, H. pylori-infected individuals 
living in areas where diets are seasonal with long 
periods without fresh fruits and vegetables and 
where food preservation is largely dependent on 
the use of salt and smoking, have a strong ten-
dency to develop progressive atrophy, which is 
linked to gastric ulcers and gastric cancer [4]. By 
contrast, in environments such as Africa, south 
India or south Asia where fresh fruits and veg-
etable are available all year round, the mucosal 
damage tends to remain nonatrophic, the inci-
dence of gastric cancer is low and duodenal 
ulcer and its complications are the predominant 
clinical manifestations [7].

However, even in low cancer incidence areas, 
the presence of polymorphisms in host proin-
flammatory genes can result in early develop-
ment of atrophic gastritis and an increased risk 
of gastric cancer especially if the infected strain 
also contains virulence factors associated with 
an enhanced inflammatory response. Therefore 
while H. pylori–host interactions play an impor-
tant role in disease pathogenesis, bacterial viru-
lence factors are often key factors determining 
the outcome. In this review, we discuss the role 
of direct H. pylori–host interactions in disease 
pathogenesis with particular attention to the 
role of bacterial virulence factors. Between 5 
and 10% of H. pylori’s 1600 genes are thought 
to be H. pylori-specific, including the putative 
virulence factors CagA, vacuolating cytotoxin 
(VacA), OipA and DupA. There are many other 
putative virulence factors possibly related to 
clinical outcomes such NapA, HepA and outer 
membrane proteins including BabA, SabA, 
HopQ and HomB [8–12]. Their role in pathogen-
esis remains unlcear and others proved to be false 
leads (e.g., IceA). For example, IceA turned out 
to be a restriction enzyme and proof that it was a 
false lead took years and consumed tremendous 
resources.

Here, the authors focus on CagA, VacA, OipA 
and DupA. These were chosen as there is con-
siderable evidence regarding their role in disease 
pathogenesis, as well as each has a biologic basis 
for a potential role in disease causation.

CagA
CagA, is a highly immunogenic protein encoded 
at one end of the cag pathogenicity island (PAI). 
The cag PAI is an approximately 40-kbp inser-
tion sequence thought to have been incorporated 

into H. pylori by horizontal transfer. The cag PAI 
encodes a type IV secretion system (T4SS; i.e., a 
molecular syringe), which injects CagA and 
other proteins into host cells [13]. The H. pylori 
CagL protein is thought to be a specialized 
adhesin targeted to the pilus surface, which 
binds to and activates the integrin α5β1 recep-
tor on gastric epithelial cells. This interaction 
triggers CagA delivery into target cells [14–16]. 
Following entry CagA interacts with host cell 
molecules including the cytoplasmic SHP-2, 
which has oncogenic activity [17]. It is consen-
sus that in vivo CagA-expressing H. pylori are 
associated with an enhanced host inflamma-
tory response and with an increased risk of a 
clinical outcome, such as peptic ulcer or gastric 
cancer. However, these same clinical diseases are 
also caused by infections with CagA-negative 
H. pylori, consistent with the hypothesis that any 
host or bacterial factor that increases the inflam-
matory reaction to the infection should also be 
expected to increase the risk of an important 
clinical outcome.

CagA has been the subject of innumerable 
in vitro studies and has also been used in animal 
studies of H. pylori-related disease pathogenesis. 
The many discrepancies in the in vivo and in 
vitro data are as yet unexplained. For example, 
it has been reported that Mongolian gerbils 
developed gastric cancer with wild-type CagA-
expressing H. pylori and not with isogenic cagA 
mutants [18,19]. However, although gastric can-
cer is reported to develop rapidly in this model, 
the majority of laboratories have been unsuc-
cessful or have at great difficulty in producing 
gastric cancer with H. pylori in Mongolian ger-
bils irrespective of the strain used [20,21]. CagA-
containing transgenic mice have developed gas-
tric cancer and other neoplasms suggesting that 
CagA can be an oncoprotein when expressed 
widely [22]. Whether studies with transgenic 
animals or when cagA is transfected into cells 
actually reflects what occurs naturally when it 
is injected by bacteria attached to the surface of 
intact and highly polarized gastric cells remains 
unclear. Studies are needed to identify how 
much of the extensive in vitro data are relevant 
to the host–bacterial interactions in life.

The prevalence of CagA among H. pylori in 
different regions varies greatly (e.g., from almost 
100% in east Asia to 50% or less in some western 
countries) [23]. Considerable resources have been 
expended investigation whether the difference in 
disease incidence (e.g., gastric cancer) between 



1489

Figure 1. Structural polymorphism in CagA. Western-type CagA contain the EPIYA-A, EPIYA-B 
and EPIYA-C segments, whereas east Asian-type CagA contain the EPIYA-A, EPIYA-B and EPIYA-D 
segments. EPIYA-motif in each segment represent the tyrosine phosphorylation sites of CagA. The 
asterix means that the nucleotide sequences are the same between western-type CagA and east 
Asian-type CagA. 
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east Asian and western countries is related to 
CagA, CagA structure or some other factors. As 
noted above, in first part of the 20th century and, 
currently in the mountainous regions of central 
and south America, gastric cancer is extremely 
common; however, the CagA structure is west-
ern and not east Asian type. Even in Japan where 
the east Asian type of CagA is the rule, the inci-
dence of gastric cancer in Japan has fallen rapidly 
without a change in H. pylori, which is consistent 
with environmental–host–bacteria factors play-
ing a key role in outcome. Nonetheless, differ-
ences in CagA structure have proven useful for 
population epidemiology and for exploring the 
effects of the infection on changes in signaling 
pathways in host cells.

cagA-positive strains can be divided into east 
Asian and western types based on differences 
in the sequences in the 3′ region of cagA [24], 
which contain a different number of copies of 
the EPIYA tyrosine phosphorylation site motif 
(Glu–Pro–Ile–Tyr–Ala). The first-repeat region 
consists of EPIYA-A/EPIYA-B segments. The 
segments in the second-repeat region in west-
ern and east Asian strains are named EPIYA-C 
and EPIYA-D, respectively (Figure 1) [17]. CagA 
sequences are typed based on the order of EPIYA 
segments, such as type ABC, ABCC, ABCCC 
and so on for western-type CagA or for east 
Asian-type CagA as ABD, among others).

EPIYA-D CagA segments exhibits greater 
in  vitro binding ability for SHP-2 than do 
EPIYA-C segments [17]. There are data suggest-
ing that within the same geographic area infec-
tion with east Asian-type cagA strains is associ-
ated with a higher risk of peptic ulcer or gastric 
cancer than infection with western-type cagA 
strains [25–27]. For example, data from Okinawa 
suggested that the pattern of gastritis in those 

with east Asian type CagA was that of a rapid 
progression to atrophic gastritis compared with 
infections with western types of CagA [28]. 
However, the individuals with these different 
types of CagA may also differ in terms of other 
factors unrelated to CagA type, such as when 
they or their families migrated to Okinawa and 
diet among others. These host-associated factors 
are probably important. For example, prior stud-
ies have shown that those migrating from an area 
with a high incidence of gastric cancer generally 
retain their original risk after migration, whereas 
their descendents risk tends to become similar to 
those of the resident population.

The prevalence of second-repeat regions is 
also higher among patients with gastric cancer 
in regions where gastric cancer is common. For 
example, in Columbia, a high cancer incident 
country, the age-standardized incidence rates 
per 100,000 population is 17.4 and 57% of iso-
lates examined had 2% EPIYA-C, which con-
trasted to only 4% of isolates from the low gas-
tric cancer incidence in the USA [23]. However, 
it is thought that the number of repeats may 
be an acquired trait. For example, strains with 
more than one second repeat are rare among 
children, but become increasingly common in 
patients with atrophic gastritis [29]. As H. pylori 
infections progress, the intragastric conditions 
change requiring continued evolution of the 
infecting H. pylori strain, which experience 
innumerable generations over the lifespan of the 
host. Strains with multiple second repeats are 
less able to survive in acidic environments and, 
thus, their appearance is likely suppressed until 
hypochlorhydria occurs [30]. The fact that they 
then appear and become dominant suggests that 
the presence of multiple second repeats is associ-
ated with a survival advantage in stomachs with 



Future Oncol. (2014) 10(8)1490

Review  Yamaoka & Graham

future science group

hypochlorhydria. Hypochlorhydria is also asso-
ciated with increased growth of non-H. pylori 
bacteria in the stomach and thus increased com-
petition for resources. While, the nature of any 
survival advantage is as yet unknown, one pos-
sibility is to produce a more robust inflammatory 
response thus allowing for increased availability 
of nutrients to the organism.

There are in vitro data showing that Csk, an 
important molecule involved in intracellular 
signaling, prefers to bind EPIYA-A and EPIYA-B 
motifs [31] and that c-Src only phosphorylates 
EPIYA-C and -D motifs whereas c-Abl phos-
phorylates EPIYA-A, -B, -C and -D motifs [32]. 
Studies are needed that compare H. pylori that 
are thought to differ in virulence in terms of 
growth rates under different conditions, their 
ability to stimulate inflammation, to survive 
intracellularly, to increase intracellular signal-
ing or activate additional signaling pathways, 
and so on, Studies are also needed regarding the 
effect of an increase in second repeat number on 
bacteria–host interactions in vivo.

The type of CagA has been studied in rela-
tion to gastric cancer incidence. Although both 
the Vietnam and South Korean strain typically 
possess the east Asian type CagA, the incidence 
of gastric cancer in Vietnam is half of that in 
South Korea [33]. Most Vietnam and South 
Korea strains have one EPIYA-A, EPIYA-B, and 
EPIYA-D segment (i.e., ABD) [34]. Vietnamese 
strains also have a unique 18-bp deletion located 
upstream of the EPIYA-A segment. The availa-
bility of a wide range of CagA subtypes provides 
a wealth of reagents to examine if and how they 
may be involved in the pathogenesis of gastric 
cancer.

Despite the innumerable in vitro studies 
attempting to identify a precise role for CagA in 
the pathogenesis of gastric cancer, its role in vivo 
remains unknown. Most, but not all, in vitro 
studies have used nonpolarized gastric cancer 
cells or polarized nongastric cells [35,36]. In one 
interesting study, polarized cells were grown as 
monolayers, thus mirroring the in vivo condi-
tion in that H. pylori were able only to contact 
the apical surface [37]. In this simulated natural 
condition, changes in cell shape and mobility 
were not possible due to their being in a polar-
ized monolayer and the H. pylori–cell interaction 
only resulted in alterations of the apical surface, 
which become a site especially suitable for bacte-
rial replication. In addition, when nutrients were 
removed from the fluids overlying the cells, only 

CagA-positive organisms were able to obtain all 
their necessary nutrients and iron directly from 
the cells and survive. By contrast, CagA-negative 
strains were not able to survive. In vivo, both 
can survive on the cell surface and both tend to 
attach at the intracellular junctions, a site where 
nutrients can potentially transit from the host to 
the external environment.

Paracellular permeability to small molecules 
such as sucrose is increased in H. pylori infec-
tion [38]. This increase correlates best to the 
presence of the inf lammatory infiltrate and 
is seen in both H. pylori and in non-H. pylori 
lymphocytic gastritis. Both polymorphonuclear 
cells and intraepithelial lymphocytes can transit 
through the intracellular tight junctions with-
out damaging them. During transit, intracel-
lular permeability is transiently increased and 
the transmembrane potential difference slightly 
reduced but overall is maintained. H. pylori 
can also be found beneath the tight junctions 
suggesting that the trafficking may be bidirec-
tional. Although there are a number of studies 
showing that H. pylori can affect tight junctions 
in vitro, there are little in vivo data to support 
these observations [39]. Interestingly, recent stud-
ies using semimonolayer gastric cells, MKN28 
cells showed that barrier dysfunction requires 
functional urease activity and was independent 
of the cag pathogenicity island (including CagA) 
or VacA [36]. Clearly, more in vivo and relevant 
in vitro experiments are needed to clarify the 
role of CagA and the number of EPIYA motifs.

VacA
Almost all H. pylori contain the vacA gene that 
encodes a vacuolating cytotoxin. It remains 
unclear what role VacA plays in disease patho-
genesis as most observation are based on in vitro 
experiments of unclear clinical relevance. VacA 
was recognized because of vacuolation follow-
ing in vitro exposure of cell lines. In vitro stud-
ies have documented multiple activities, such as 
membrane channel formation, cytochrome C 
release from mitochondria leading to apoptosis, 
binding to cell membrane receptors resulting 
the initiation of a proinflammatory response 
and inhibition of T-cell activation and prolif-
eration [23]. It remains unclear which, if any, of 
these vitro observations have in vivo counter-
parts. Early studies showed H. pylori antigens 
in the submucosa and more detailed analysis 
showed that H. pylori were also present within 
the mucosal cells [40]. More recent studies have 
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even been able to culture H. pylori from perigas-
tric lymph nodes removed at surgery [40]. Clearly, 
a small proportion of H. pylori are able to invade 
and live within the mucosa. The question about 
how has been possibly answered by studies sug-
gesting that VacA has a major and possibly pri-
mary role related to autophagy where it assists in 
producing the vacuole where H. pylori can sur-
vive intracellularly [41]. It is possible that this is 
its most important role in disease pathogenesis.

Like CagA, a number of association stud-
ies have been carried out, relating differences 
in vacA gene structure and clinical outcomes. 
Differences have been described in the signal (s) 
region (s1 and s2) and the middle (m) regions 
(m1 and m2) that contribute to variations in the 
in vitro vacuolating activity [42]. s1/m1 strains 
appear to be the most cytotoxic in vitro and 
s2/m2 strains have no in vitro cytotoxic activity; 
s1/m2 strains have reduced activity compared 
with s1/m1. It has been suggested that. com-
pared with those with s2 or m2 strains, patients 
infected with vacA s1 or m1 strains may be at 
increased risk for developing peptic ulcers and/
or gastric cancer [42–44]. However, the risk of 
peptic ulcer or gastric cancer is best correlated 
with the extent and severity of inflammation and 
few studies have controlled for the presence of 
CagA or other variables known to be associated 
with severity of inflammation. The majority of 
H. pylori strains in east Asia are vacA s1 geno-
type and in east Asia s region genotypes have 
proven to be independent of clinical outcomes, 
thus not confirming the reported significance of 
the VacA genotype correlations reported from 
western countries [23].

The m1 genotype is common in northern 
Asian countries where gastric cancer is fre-
quent whereas m2 genotype is predominant 
in southeast Asia (e.g., Taiwan and Vietnam) 
[23]. Generally, the incidence of gastric cancer 
is higher in northern regions than in the south-
ern regions of east Asia and this north–south 
difference is also evident in Vietnam where 
the m1 genotype and gastric cancer also show 
a north–south gradient [33]. Even in east Asia, 
in areas where non-s1/m1 strains are common, 
vacA m genotypes correlate roughly with risk of 
different H pylori-related diseases.

vacA s1 and m1 genotype have also be subdi-
vided into subtypes (i.e., s1a, s1b and s1c [42], and 
m1a, m1b and m1c, respectively) [45]. vacA geno-
types vary geographically, for example, vacA s1c 
and m1b are common in east Asia, s1a and m1c 

are common in south Asia [45,46], the predomi-
nant genotype in central Asia is vacA m1c [46], 
m1a is common in Africa and ethnic Europeans 
[46], s1a and s1b genotypes are common in ethnic 
Europeans whereas s1b genotypes are more prev-
alent in the Iberian Peninsula, Latin America 
[47] and Africa [47]. However, it remains unclear 
whether subtypes of s1 and m1 genotypes relate 
to clinical outcomes or to other factors governing 
differences in the extent, severity or distribution 
of gastritis.

The region of vacA between the s region and 
the m region (the intermediate or i region) has 
been separated into i1, i2 and i3 subtypes [48]. 
Attempts have also been make to link i subtypes 
to pathogenicity and risk of disease. When i sub-
types were first reported, it was hypothesized 
that the vacA i genotype would be more helpful 
in assessing risk of gastric cancer than was typ-
ing using the s and m regions. This was followed 
by studies linking the vacA i genotype to peptic 
ulcer [49,50] and polymorphisms at amino acid 
position 196 of vacA (in the i region) and severe 
outcomes in South Korea [25]. Hopes for a pre-
dictive value of vacA i genotyping were dashed 
when no associations were found between the i 
region and clinical outcomes east and southeast 
Asia [51] and a long-term follow-up study from 
Portugal reported that vacA i genotyping did not 
improve the prediction of progression in relation 
to other vacA loci [52]. Like the phoenix, vacA i 
genotyping continues to rise from the dead, with 
the description of another, putatively disease-
related region, between the i region and the m 
region called the deletion or d region [53]. The d 
region consisted of two groups (i.e., those with 
no deletion, d1 and d2 genotype with a 69–81-
bp deletion). The d1 genotype was associated 
with mucosal atrophy in western strains, but 
in east Asia, d genotyping proved useless as all 
strains were classified as s1/i1/d1. Follow-up 
studies are needed. For example, a study from 
Italy looked at vacA genotypes over 15 years 
(from January–June 1989 to January–June 
2005) [54]. They reported that although while 
the prevalence of s1m1 (thought to be more viru-
lent genotype) increased, there was a reduction 
of peptic ulcer disease in the same area.

In summary, despite innumerable papers 
attempting to relate vacA genotypes to outcome 
or disease pathogenesis, no truly consistent 
associations or demonstrable biologic basis for 
the putative associations as appeared. In vivo, 
the only consistent association with risk of a 
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clinically important outcome has been the extent 
and severity of inflammation. One would expect 
that important observations would be univer-
sally applicable or the reason why not would be 
clearly explained. It is possible that differences 
in the prevalence of vacA genotypes primarily 
represents differences related to human migra-
tion and that putative disease associations are 
likely to have occurred by chance rather than as 
a cause and effect relationship. In addition, the 
available studies have tended not to combine the 
possible effects of other putative virulence fac-
tors. Finally, it would be interesting to examine 
the effects of genotyping on autophagy or other 
possible important biologic functions. Much has 
been done with genotyping, but little useful has 
been accomplished to date.

OipA
OipA, an outer membrane protein is an adhesin 
[55]. OipA’s functional status is regulated by 
slipped-strand mispairing based on the num-
ber of CT dinucleotide repeats in the 5́  region 
of the genes that can be either switched ‘on’ 
(functional) or switched ‘off ’ (nonfunctional) 
[55]. OipA was originally identified as it is also 
a proinflammatory response-inducing protein 
involved in the induction of IL-8 from gastric 
epithelial cells [55]. Transcription of IL-8 genes 
is both OipA- and cag PAI-dependent through 
interactions with different binding sites are 
involved, such as transcription factors within the 
IL-8 promoter for NFκB, AP-1 and ISRE-like 
element [56–58]. Other in vitro studies have identi-
fied a role for OipA in inflammation and actin 
dynamics through the phosphorylation of signal-
ing pathways that interact with cag PAI (CagA)-
related pathways (Figure 2) [56,59–63]. OipA and cag 
PAI and/or CagA interactions are postulated to 
be involved in β-catenin signaling that affects 
cell–cell junctions and proliferation (Figure 2) [19].

Both OipA and cag PAI/CagA-related path-
ways and OipA-specific pathways have been 
described. For example, although both OipA 
and the cag PAI activate the IL-8 promoter, 
the pathways diverge upstream of IRF-1 with 
only OipA being involved in the STAT-1→IRF-
1→ISRE-like pathway (Figure 2) [56]. AP-1 activ-
ity is stimulated by a complex network of signal-
ing pathways that involve MAPKs (JNK, ERK 
and p38) which activate various transcription 
factors resulting in the induction of transcrip-
tion of fos and jun, thus increasing the number 
of AP-1 complexes available to activate AP-1 

target genes, such as IL-8. Activated expression 
of c-Fos and c-Jun proteins, as well as c-fos and 
c-jun mRNA, are OipA- and cag PAI-dependent 
[57–58,60–61]. Overall, the data are consistent with 
the notion that both OipA and the cag PAI are 
involved in JNK and ERK phosphorylation 
[60,64] with only OipA being involved in p38 
phosphorylation [61,64–65].

OipA is also involved in phosphorylation of 
FAK tyrosine 397, 576, 577, 861 and 925, stress 
fiber formation and cell morphology (Figure 2) 
[62], as well as in phosphorylation of AKT serine 
473, paxillin phosphorylation at tyrosine 31 and 
118 and actin stress fiber formation [66], With 
regard to stress fiber formation and changes in 
cell morphology, cag PAI involvement appears 
limited to phosphorylation of AKT threonine 
308 and phosphorylation of tyrosine 118 of 
paxillin (Figure 2) [63].

FoxO1 and FoxO3a are nuclear substrates of 
H. pylori-induced PI3K/Akt cell survival signal-
ing involved in IL-8 production [67]. OipA regu-
lates IL-8 release through PI3K/Akt, which, in 
turn, requires FoxO1/3a inactivation (Figure 2). 
By contrast, cag PAI-mediated IL-8 produc-
tion is FoxO1/3a-independent, such that both 
OipA and cag PAI (CagA) regulate intracellular 
signaling pathways together.

Wild-type H. pylori 7.13 infects gerbils and 
has been associated with gastric cancer in gerbils; 
gerbils infected with its isogenic oipA mutant 
failed to developed gastric cancer [19], suggest-
ing a possible role for OipA in the development 
of gastric cancer, at least in Mongolian gerbils.

There is other support for OipA being involved 
in disease pathogenesis. For example, challenge 
of human volunteers with an oipA ‘on’/whole cag 
PAI-negative clinical isolate (Baylor strain 100 
or ATCC BAA-945) caused severe inflamma-
tion consistent with its role as a proinflammatory 
molecule [68]. Examination of presence of multi-
ple putative virulence factors (e.g., the cag PAI, 
vacA, iceA, oipA and babA) in relation to clini-
cal outcomes using multiple logistic regression 
analysis showed that only the oipA ‘on’ status 
was an independent determinant predictor of 
duodenal ulcer (adjusted odds ratio [aOR]: 5.0; 
95% CI: 2.1–11.9) [69]. This observation was 
confirmed in another study using immunoblot 
analysis for 4 adhesins: OipA, BabA, BabB and 
SabA [70]. Multiple logistic regression analysis 
showed that only the OipA-positive status was 
an independent determinant predictor of gas-
tric cancer versus gastritis (aOR: 4.8; 95% CI: 
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Figure 2. Pathogenesis of OipA-related signaling. OipA is reported to regulate various epithelial cell signaling pathways. The dashed 
lines show that the pathways are still unclear. 
EGFR: EGF receptor; S: Serine; T: Threonine.
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1.4–16.8) and duodenal ulcer versus gastritis 
(aOR: 4.0; 95% CI: 1.6–10.2).

It is important to acknowledge the association 
between the cag PAI and OipA as clinical cag 
PAI-positive isolates are typically also have oipA 

‘on’ status [69–73]. In addition, oipA status is also 
linked to the vacA s region type, which in turn is 
closely linked to the presence of the babA gene, 
with encodes a blood group binding adhesin [74]. 
Such data support the notion, compared with 
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studies of isolated factors or studies searching for 
a ‘most virulent’ factor, putative virulence factors 
probably interact synergistically. We believe that 
studies of groups of putative virulence factors 
are needed to provide clinically useful infor-
mation [23]. It is also important to reconfirm 
that the presence of CagA, VacA and OipA are 
linked such that typically H. pylori either pro-
duce all of these proteins or none of them and 
that clinical outcomes, such as peptic ulcer and 
gastric cancer, are associated with strains with 
and without these virulence factors. However, 
strains with recognized virulence factors tend 
to produce more severe inflammation and are 
associated with higher risk of these important 
clinical outcomes.

DupA
DupA (encoded by the duodenal ulcer promot-
ing gene A) was identified based on its posi-
tive relationship to duodenal ulcer and inverse 
relationship to gastric cancer [75]. The presence 
of DupA was also associated with elevated 
IL-8 production in the antrum, (i.e., antrum-
predominant gastritis – a feature of duodenal 
ulcer disease) and has been reported to induce 
IL-12 production from monocytes [76]. The ini-
tial study described dupA in 42% of patients 
with duodenal ulcer versus only 9% in patients 
with gastric cancer, irrespective of national-
ity [75]. Subsequent studies [23,77], and a meta-
analysis, have confirmed that dupA-positive 
H. pylori increased the duodenal ulcer risk by 
approximately 40% (aOR: 1.41; 95% CI: 1.12–
1.76), but only in Asian countries (aOR: 1.57; 
95% CI: 1.19–2.06) [78]. These differences in 
results are partially explained; however, recent 
studies showing that many strains have frame 
shift mutations in dupA and are unable to pro-
duce intact DupA proteins. Thus, studies based 
on finding the gene tend to overestimate its 
prevalence and emphasizing the importance of 
confirming the presence of the protein.

dupA has also been divided into dupA1 with 
a 1884-bp allele and dupA2 a truncated version 
with mutations [76]. Full-sequenced data of H. 
pylori showed that the length of dupA is strain 
dependent with strains Shi470 and G27 having 
an approximately 600-bp longer open reading 
frame (approximately 2500 bp) than strain J99 
due an additional N-terminal region of dupA. 
These data suggest dupA genotypes can also 
be defined as long type and short types in rela-
tion to location of the signal sequence of the 

N-terminal region. In Okinawa, only the long-
type dupA was significantly associated with 
severe gastroduodenal diseases [79]. It remains 
unclear whether the short-type dupA produces 
a functional protein, or even whether long-type 
dupA without frame shift mutations are func-
tional. Most studies have not shown a relation-
ship between the presence of dupA and CagA, 
VacA or OipA [78].

Overall, studies with DupA have been very 
instructive and emphasize the importance of 
multinational studies to confirm the universal-
ity of putative associations, as well as the need 
to confirm studies based only on molecular tools 
with those confirming expression of the proteins 
less we continue to be misled.

DupA as a type IV secretion system
Putative virulence factors should be linked to a 
biologic mechanism responsible for the observed 
actions. DupA has been suggested to form a T4SS 
with vir genes that make up the dupA gene clus-
ter. Three gene clusters that code for T4SS have 
been recognized: a protein translocation system 
encoded by the cag PAI, a DNA-uptake system 
encoded by the ComB cluster and an unknown 
cluster in the plasticity zone [80]. virB4, one of 
the constituents of T4SS, is highly homologous 
to dupA and dupA and the adjacent six vir gene 
homologs (virB8, B9, B10, B11, virD4 and D2) 
in the plasticity zone have been suggested to be 
the basis for a third T4SS named dupA cluster or 
tfs3a (Figure 3) [23]. A putative T4SS having virB4 
sequence, but without dupA has been named tfs3b 
[81]. Many strains, such as strain G27, contain 
complete dupA cluster, but are unlikely to pro-
duce a functional T4SS because dupA has a frame 
shift mutation. Another example is strain J99, 
which has a mutation in dupA and contains only 
part of complete dupA cluster. Only strains with 
a functional dupA and a complete dupA cluster 
would be expected to possess fully functional 
T4SS. One study compared the prevalence of 
dupA and vir gene homologs and the associations 
between the status of dupA clusters and clinical 
outcomes reported that a complete dupA cluster 
was associated with an increased risk of duodenal 
ulcer disease compared strains predicted to not 
produce a T4SS and results were independent of 
cag PAI status (aOR: 2.13; 95% CI: 1.13–4.03) 
[80]. Further progress will require the availabil-
ity of reliable immunologic reagents for DupA. 
However, the genes in the plasticity zone remain 
an attractive area for future investigations.
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Figure 3. Type IV secretion system in plasticity zone. Gene arrangement in plasticity region 
of strain Shi470, which has complete dupA cluster with functional dupA gene sequence, and 
comparison with corresponding regions in other genome sequences are presented. Genes encoding 
type IV secretion system components are indicated as green arrows, and frameshift mutations are 
indicated by asterisks. Genes encoding proteins with 90–95% sequence similarity to the Shi470 
proteins are shown in green color, genes encoding proteins with 50–75% sequence similarity are 
shown in orange color.
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Sequencing to detect putative virulence 
factors: the future
Sequencing technology provides rapid methods 
of identifying novel putative virulence factors [82–
84] by comparing the genome sequences of isolates 
from patient with or without a specific disease 
either in one region or across geographic areas 
[83,85] and by comparing the genome sequences 
of isolates from one patient during the progres-
sion of the disease to identify genes gained or lost 
[86]. This approach should assist greatly in under-
standing the biology of the organism–host inter-
action over time. At the present time it seems 
unlikely that cancer-specific genes will be found. 
Clinically, duodenal ulcer and gastric cancer are 
at different ends of the spectrum of disease; 
however, in retrospect, that observation is based 
on temporal associations and differences in the 
patterns of gastritis associated with the different 
diseases. Duodenal ulcer can only occur during 
the phase when acid secretion is maintained as 
progressive inflammation will eventually lead to 
a fall in acid secretion below the point where the 
ulcer disease can be maintained and it will burn 
out [87]. Thus, in regions where atrophic gastritis 
is common, there may be only a short window 

when duodenal ulcers can occur and is consist-
ent with the finding of duodenal ulcer scars in a 
proportion of patients presenting with atrophic 
gastritis and gastric cancer. Thus, comparisons 
between strains from duodenal ulcer and gastric 
cancer or between gastric ulcer and gastric cancer 
are unlikely to identify ‘cancer’ genes, especially 
with gastric ulcer, which is linked to corpus 
gastritis and risk for gastric cancer. It is more 
likely that comparison of gastric cancer patients 
across geographic regions would be a better strat-
egy. However, data obtained with the massively 
parallel sequencing technology should provide 
considerable data useful to understanding the 
interactions between the host and the bacteria 
during different phases of the disease and differ-
ent gastric histologies, but at the risk of provided 
many false leads.

Conclusion
Eradication of H. pylori before the development 
of significant and irreversible gastric damage 
can prevent cancer. This should not be surpris-
ing given that gastric cancer is known to be an 
inflammation-associated malignancy. However, 
the fact that H. pylori eradiation in patients with 
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severe atrophy and irreversible changes reduced 
development of metachronous cancers was wel-
come but somewhat surprising [88]. This result 
suggested the presence of direct H. pylori–host 
interactions resulting in genetic instability of the 
host genome.

Future perspective
H. pylori contains approximately 1600 genes 
and, to date, it is likely that only a fraction of 
the potential virulence genes have been identi-
fied. These techniques and sequential sampling 
of stomach during the course of the infection 
provide an opportunity to link changes in the 
bacteria with environmental factors, such as diet 
(e.g., salt intake), which are critical determi-
nants of outcome. We expect that epidemiologic 
studies associating the virulence factor with a 

clinical outcome will continue to be published, 
but hopefully they will include representative 
populations from different regions and conti-
nents. Associations from small convenience sam-
ples, without a postulated biologic mechanism, 
and without considering the presence of other 
virulence and environmental factors have to 
date resulted in many false leads and wasting of 
resources. Future studies should examine puta-
tive virulence factors as groups or as part of a 
virulence complex rather than individually. This 
approach is likely to provide a more complete 
and richer understanding of the mechanisms 
underlying how H. pylori induces gastric inflam-
mation and leads to severe gastroduodenal dis-
eases by combining bacterial factors with other 
factors, such as environmental factors and host 
factors.

EXECUTIVE SUMMARY
Background

●● 	Helicobacter pylori causes gastric inflammation and is etiologically responsible for gastric adenocarcinoma and primary 
B-cell lymphoma of mucosa-associated lymphoid tissue as well as gastric and duodenal ulcer disease.

●● 	As with other chronic infectious diseases associated with a long latent period (e.g., syphilis and tuberculosis), only 
a proportion of infected individuals develop a clinically important outcome and the specific outcomes reflect the 
interplay between host-, environmental- and bacterial-specific factors.

●● 	While it is important to recognized that H. pylori provides an outstanding model of bacterial-induced chronic mucosal 
inflammation and inflammation-associated malignancy, all H. pylori-associated diseases have been associated with 
strains possessing few if any of the currently recognized putative virulence factors.

CagA & VacA genotyping

●● 	Despite innumerable in vitro studies attempting to identify a precise role for CagA and vacA genotyping in relation 
to clinical outcome or disease pathogenesis, no truly consistent associations or demonstrable biologic basis has yet 
appeared.

CagA, VacA & OipA

●● 	The presence of CagA, VacA and OipA are typically linked such that H. pylori either produce all of these proteins or 
none of them. Importantly, clinical outcomes, such as peptic ulcer and gastric cancer, are associated with strains 
with and without these virulence factors. However, strains these virulence factors tend to produce more severe 
inflammation and are associated with a higher risk of important clinical outcomes.

DupA as a type IV secretion system

●● 	Studies with DupA have emphasized the importance of multinational studies to confirm the universality of putative 
associations found in one region, as well as the requirement to confirm protein expression as results based only on 
genotypic analyses have provided misleading conclusion. Further progress will require the availability of reliable 
immunologic reagents for DupA. However, the genes in the plasticity zone including DupA remain an attractive area 
for future investigations.

Sequencing to detect putative virulence factors

●● 	Data obtained with the massively parallel sequencing technology should provide considerable data useful to 
understanding the interactions between the host and the bacteria during different phases of the disease and different 
gastric histologies, but at the risk of provided many false leads.
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Gastric cancer is an inflammation-induced 
genetic disease. There are at least five known 
pathways where direct H. pylori–host cell inter-
actions result in host cell genetic instability 
(AID, double-stranded breaks, methylation and 
mismatch repair) and aberrant miRNA expres-
sion [1,89–93]. Each of these are also reduced or 
eliminated following H. pylori eradication. The 
role of H. pylori infection in inducing genetic 
instability appears to be a fruitful as well as what 
role putative virulence factors might play.
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