Downloaded from jcp.bmj.com on February 10, 2012 - Published by group.bmj.com

287

ORIGINAL ARTICLE

Helicobacter pylori babA2, cagA, and s1 vacA genes
work synergistically in causing intestinal metaplasia
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Aims: To determine any associations between the Helicobacter pylori genes babA2, oipA, cagA and
the s and m alleles of vacA. In addition, to verify whether these genes work synergistically or independ-
ently in causing gastritis, peptic ulcer, and intestinal metaplasia.

Methods: One hundred and sixty seven H pylori positive patients were studied (52 antral gastritis, 41
diffuse gastritis, 41 peptic ulcer, and 33 duodenitis). Helicobacter pylori virulence genes were ampli-
fied by means of the polymerase chain reaction.

Results: Significant associations were found between babA2 and the other H pylori genes studied.
When considered singly, all the genes were associated with disease diagnosis, inflammation, and
intestinal metaplasia. Four H pylori groups were defined. Group A: cagA-, s2m2, babA2-; group B:
cagA+, sm1, babA2+; group C: cagA+, s1m2, babA2+; group D: cagA+, s1m2, babA2-. Group
A infecting strains were associated with less severe endoscopic and inflammatory conditions, whereas
group B strains were associated with the worst endoscopic and inflammatory findings. Intestinal meta-
plasia was a rare finding in group A infected patients (< 10%), whereas it was frequent in those
infected with group B strains (48%).

Conclusions: The H pylori genes cagA, oipA “on”, s1 and m1 vacA, and babA?2 are associated with
each other, possibly as a result of shared selective pressure. When coexpressed by the same H pylori
strain, cagA, s1 and m1 vacA, and babA2 work synergistically in worsening inflammation. Infections
caused by strains coexpressing cagA, s1m1 vacA, and babA2 are those at higher risk for intestinal

metaplasia.

than 1000 genes that encode functional proteins and

strain specific genes, which may encode adaptation to
genetically diverse hosts.! The data indicate that: (1)
quasi-species coexist within the H pylori population infecting
one individual; (2) H pylori can lose and acquire exogenous
DNA, thus achieving a model of continuous microevolution,
which is characterised by a very high recombination rate dur-
ing mixed colonisation by unrelated strains; (3) there is a very
high mutational frequency." Therefore, an effort must now be
made to clarify the clinical relevance of the main H pylori viru-
lence factors, to understand more fully the exact role of each
in determining the outcome of an infection known to be
responsible for a spectrum of diseases ranging from gastritis,
to peptic ulcer, to gastric adenocarcinoma and mucosal associ-
ated lymphoid tissue lymphoma.”"

Two steps can be identified in the pathogenesis of H pylori
gastric mucosa colonisation: (1) adhesion to the epithelial cell
layer and (2) the induction of proinflammatory cytokine
release."*"

Adhesion to gastric epithelial cells is mediated by H pylori
adhesins, among which BabA binds the Lewis b epitope of the
host, and this molecule has been suggested to play a crucial
role in the development of gastric adenocarcinoma, peptic
ulcer, and severe gastritis.””” BabA is encoded by a polymor-
phic gene named babA2.*" The release of proinflammatory
cytokines from the gastric mucosa—including interleukin 13
(IL-1PB), IL-6, and IL-8—is mainly induced by genes, like cagA,
located in the pathogenicity island (PAI)." ' *?* It was
recently demonstrated in vitro that some H pylori genes
located outside the PAI—oipA in particular—can also induce
the mucosal release of IL-8.%

Helicobacter pylori strains that posses the PAI in their genome
usually also contain the s1 and m1 alleles of the vacA gene and
can produce an active vacuolating cytotoxin.” ® > ' *7!

The H pylori genome consists of a conserved core of more

“The release of proinflammatory cytokines from the gas-
tric mucosa is mainly induced by genes, like cagA,
located in the pathogenicity island”

The aims of our present study were: (1) to define a polymerase
chain reaction (PCR) method for the identification of babA2
possessing strains, comparing it with methods previously
described in the literature; (2) to determine any associations
between the H pylori virulence genes babA2, oipA, and cagA
and the s and m alleles of vacA; and (3) to verify whether the
different H pylori virulence genes cooperate or act singly in
causing gastritis, peptic ulcer, and intestinal metaplasia.

METHODS
Patients
The series consisted of 167 H pylori positive patients (78 men,
89 women; age range, 17 to 94 years) who consecutively
underwent upper gastrointestinal endoscopy. Diagnoses,
made on the basis of endoscopic findings, were: antral gastri-
tis only (52), diffuse gastritis (41), duodenal ulcer (33), gastric
ulcer (eight), and duodenitis (33). All patients with duodenal
ulcer, gastric ulcer, or duodenitis also had antral gastritis.

At endoscopy, three antral and two body biopsies were
obtained from each patient for the histological evaluation. Two
antral biopsies were also obtained for H pylori culture.

Histological evaluation
The following histological parameters were semiquantitatively
scored, as described previously’ **: (1) bacterial peak density

Abbreviations: IL, interleukin; NS, not significant; PAI, pathogenicity
island; PCR, polymerase chain reaction
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Figure 1 Agarose gel electrophoresis of babA2 PCR products

obtained from the clinical isolates of four patients using the primer
pairs BABA2F/BABA2R607 (lanes 2-5, 607 bp amplicons) and
BABA2F/BABA2R (lanes 8-11, 832 bp amplicons). Lanes 1 and
12, negative controls of BABA2F/BABA2R407 and
BABA2F/BABA2R PCR, respectively. Lane 6, 50 bp molecular
weight marker; lane 7, 500 bp molecular weight marker.

grade (0, absent; 1 to 3, from few and isolated bacteria to colo-
nies); (2) polymorphonuclear cell infiltrate (activity) (O,
absent; 1 to 3, from mild to severe); (3) mononuclear cell infil-
trate (chronic inflammation) (0, absent; 1 to 6, from mild
superficial to severe glandular); (4) intestinal metaplasia (0,
absent; 1 to 3, type I to type III).

Helicobacter pylori culture and babA2, ureA, cagA, and
vacA amplification

Helicobacter pylori culture and DNA extraction from positive
colonies were carried out as described previously.”

The babA2 gene was PCR amplified under the conditions
described by Gerhard et al.'” The sense (BABA2F) and
antisense (BABA2R) primers were: AAT CCA AAA AGG AGA
AAA AGT ATG AAA and TGT TAG TGA TTT CGG TGT AGG
ACA, respectively. A second protocol for babA2 amplification
(designed by us) used the forward primer described by
Gerhard ef al (BABA2F) and the reverse primer BABA2R607
(CTT TGA GCG CGG GTA AGC). A 3 pl aliquot of extracted
DNA was used for babA2 amplification in a 25 pl reaction vol-
ume containing: 1x Taq polymerase buffer and 1.5 U Taq
polymerase (Promega, Madison, Wisconsin, USA), 1.5mM
MgCl,, 200uM each dNTE and 500nM each primer.

The cycling conditions were: (1) 95°C for two minutes; (2)
five cycles at 95°C for 30 seconds, 61°C for 30 seconds, 72°C for
one minute; (3) 40 cycles at 95°C for 30 seconds, 55°C for 30
seconds, and 72°C for one minute; and (4) 72°C for seven
minutes.

PCR products (832 bp after BABA2R and BABA2F; 607 bp
after BABA2F and BABA2R607 amplification) were separated
by electrophoresis on a 1.3% agarose gel and stained with
ethidium bromide. Four 607 bp positive samples were
subjected to sequence analysis under the following conditions:
the purified PCR products (Millipore, Billerida, Massachu-
setts, USA) were subjected to fluorescence dye terminator
cycle sequencing (Applied Biosystems, Foster City, California,
USA).

The ureA, vacA, and cagA genes were PCR amplified as
described previously.” * * »

oipA gene sequence analysis
Helicobacter pylori oipA (HP0638) signal sequences were PCR
amplified and sequenced in 60 clinical isolates.”

Statistical analysis
The data were analysed by means of the X’ test and the Mann
Whitney U test.
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Figure 2 UreaseA (323 bp), cagA (194 bp), and the s (s1,

259 bp; 52, 286 bp) and m (m1, 290 bp; m2, 352 bp) vacA alleles
after agarose gel electrophoresis. UreaseA, cagA, and the s1 and
s2 vacA dlleles were coamplified in the first PCR round (lines 1 and
2); m1 and m2 vacA alleles were coamplified in the second PCR
round (lines 4 and 5). Two clinical isolates are shown: lines 1 and 4,
Helicobacter pylori first clinical isolate (cagA+, s1m1 vacA); lines 2
and 5, H pylori second clinical isolate (cagA-, s2m2 vacA); line 3,
50 bp molecular weight marker. Primers and amplification
conditions were those previously described by us.*

Table 1 Number and percentage of positive babA2
Helicobacter pylori clinical isolates affer polymerase
chain reaction (PCR) amplification

BABA2F/BABA2R

Positive (%) Negative (%)

BABA2F/BABA2R607
Positive 40 (24%) 20 (12%)
Negative 0 107 (64%)

PCR used the primer pair BABA2F/BABA2R® or the primer pair
BABA2F/BABA2R607 (designed by us). In total, 167 isolates were
studied.

RESULTS

Figure 1 shows agarose gel electrophoresis of babA2 amplifi-
cation products obtained using the primer pairs BABA2F/
BABA2R and BABA2F/BABA2R607. Using these two primer
pairs, 832 bp and 607 bp products were obtained, respectively.
The figure shows negative controls and isolates from four
patients. Two isolates, negative after amplification with the
primer pair BABA2F/BABA2R, were positive after amplifica-
tion with the primer pair BABA2F/BABA2R607. All the four
positive isolates were sequenced and were found to corres-
pond exactly to the babA2 gene sequence (Gene Bank
accession number, AF033654).

Figure 2 shows cagA positive and negative strains, in addi-
tion to s and m vacA alleles obtained from different clinical
isolates after agarose gel electrophoresis.

Table 1 shows the number (and relative percentages) of
babA2 positive H pylori isolates obtained after PCR amplifica-
tion using the primer pairs BABA2F/BABA2R and BABA2F/
BABA2R607. The subsequent analysis of data was carried out
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Table 2  Associations between babA2 and oipA,
cagA, and the s and m alleles of vacA
babA2
Positive Negative
oipA
On 17 19
Off 3 21
x?=7.81; p<0.01
cagA
Positive 57 48
Negative 3 59
x?=42.39; p<0.001
s vacA
sl 57 48
s2 3 59
x?=42.39; p<0.001
m vacA
ml 30 34
m2 29 74
X2=5.99; p<0.05
The number of Helicobacter pylori isolates belonging to each
category is reported. The data were analysed by means of the x? test.

taking into account the results obtained with the primer pair
BABA2F/BABA2R607.

The presence of the babA2 gene was significantly associated
with all the other H pylori virulence genes studied (cagA, vacA,
and oipA) (table 2).

The presence of cagA was significantly associated not only
with babA2, but also with oipA (x* = 38.57; p < 0.001), and
the sl (x*=139.4; p <0.001) and ml alleles of vacA
(X* = 57.2; p < 0.001). Helicobacter pylori cagA negative isolates
were also babA2 negative (95.2%), oipA “off” (100%), and had
the s2 (100%) and m2 (98.4%) vacA alleles, whereas H pylori
cagA positive isolates were babA2 positive (52.8%), oipA “on”
(85.7%), and had the s1 (100%) and m1 (61.5%) vacA alleles.

babA2, cagA, and sl vacA were significantly more frequent
in patients with diffuse gastritis, peptic ulcer, or duodenitis
than in patients with antral gastritis only (table 3).

The antral H pylori colonisation grade was significantly
associated with cagA (X’ = 9.83; p < 0.05) and the m1 vacA
allele (x> = 13.55; p < 0.01), but not with the sI vacA allele
(X’ =6.34, p =not significant (NS)), babA2 (x’=2.17;
p = NS), or 0ipA “on” (X* = 4.30; p = NS).
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Figure 3 Percentage of patients with antral gastritis (AG; n = 52),
diffuse gastritis (DG; n = 41), peptic ulcer (PU; n = 41), or duodenitis
(DU; n = 33), after dividing the infecting Helicobacter pylori strains
info group A (cagA-, s2, m2, babA2-), group B (cagA+, sTmT,
babA2+), group C (cagA+, s1m2, babA2+), and group D (cagA+,
s1m2, babA2-).

Antral inflammation and activity were significantly associ-
ated with cagA (X° = 17.84;p < 0.01 and xX* = 10.10; p < 0.05,
respectively) and the s1 (X° = 14.38; p < 0.05 and X’ = 9.06;
p < 0.05, respectively) vacA allele, but not with the other
H pylori virulence genes.

Intestinal metaplasia was significantly associated with
babA2 (x> = 4.45; p < 0.05), oipA “on” (X> = 6.47; p < 0.05),
cagA (X’ =25.21; p<0.001), and the sl (x’=21.11;
p < 0.001) and m1 (x* = 15.63; p < 0.001) vacA alleles.

We subdivided patients into four groups on the basis of their
genotype for the virulence factors babA2, cagA, and vacA alle-
les:

(1) Group A (negative for all virulence genes): cagA—, s2m2,
babA2-.
(2) Group B (positive for all virulence genes): cagA+, slml,
babA +.
(3) Group C (positive for three virulence genes): cagA+, s1m2,
babA2+.
(4) Group D (positive for two virulence genes): cagA+, slm2,
babA2-.
oipA was excluded from the analysis because it was strictly

linked to cagA and it was determined in a subgroup of 60
H pylori strains. The remaining possible combinations between

Table 3 Association between Helicobacter pylori genes and endoscopic findings
Antral gastritis Diffuse gastritis  Peptic ulcer Duodenitis
babA2
Positive 9 17 20 14
Negative 43 24 21 19
x=11.8; p<0.05
oipA
Positive 5 10 14 7
Negative 7 9 5 3
X2=4.0; NS
cagA
Positive 20 26 32 27
Negative 32 15 9 6
X?=22.4; p<0.001
s vacA
sl 20 26 32 27
s2 32 15 9 6
X?=22.4; p<0.01
m vacA
ml 12 20 17 14
m2 40 21 24 19
x2=6.6; NS
The number of patients belonging to each category is reported. The data were analysed by means of the X2
test, comparing each virulence gene in the 8 reported groups.
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Table 4 Results of antral Helicobacter pylori density grade, body H pylori density grade, antral inflammation, body
inflammation, antral activity, and body activity

H pylori infecting AHPDG* I* & BHPDG* BI* BA***

groups Median (range) Median (range) Median (range) Median (range) Median (range) Median (range)
Group A 2.00 (0-3) 2.00 (1-¢) 2.00 (0-3) 2.00 (0-3) 2.00 (0-5) 1.00 (0-3)
Group B 2.0 (2-3) 2.0 (1-5) 2.00 (1-3) 2.00 (2-3) 2.00 (1-7) 0 (0-1)

Group C 2.00 (1-3) 2.00 (1-5) 2.00 (1-3) 2.00 (1-5) 2.00 (0-5) 2.00 (0-2)
Group D 2.00 (0-2) 3.5 (2-5) 2.00 (0-3) 2.00 (0-2) 1.5 (0-5) 0.50 (0-2)

Patients had been subdivided on the basis of H pylori infecting groups A to D. Group A: cagA-, s2, m2, babA2-; group B: cagA+, s1, m1, babA2+;
group C: cagA+, s1, m2, babA2+; group D: cagA+, s1, m2, babA2-.
*p<0.05, group A v group B; **p<0.05, group A v group C; Mann-Whitney test.

AA, antral activity, AHPDG, antral H pylori density grade; Al, antral inflammation; BA, body activity; BHPDG, body H pylori density grade; Bl, body

inflammation.

70 — sequence that lies in a highly variable babA2 region

=1 Group A (nucleotides 612 to 1046).* Therefore, to reduce false negative

O . Group B results caused by target sequence variability, we adopted
B Group C . o

2 50l B3 Group D an‘other p.rotoco.l for babA2 amphﬁcat.lon. the same forwz.ird

3 primer paired with a reverse one targeting a sequence flanking

° 40— the 5' end of the variable region (BABA2R607). The sequence

:é of the amplicons corresponded exactly to babA2, thus indicat-

8 30— ing that our protocol was specific for the babA2 gene. Our

5 method, without reducing specificity, increased the sensitivity

5 20— for babA2 from 24% to 36%.

We found significant associations between babA2 and the

10~ other H pylori virulence genes. These findings are in agreement

o with those reported by other authors, as are the significant

IM absent IM present associations between cagA and the sl and m1 alleles of vacA

Figure 4 Percentage of patients infected with Helicobacter pylori
strains belonging to groups A to D after they had been subdivided
on the basis of the presence (n = 34) or absence (n = 133) of
infestinal mefaplasia (IM). Group A (cagA-, s2, m2, babA2-),
group B (cagA+, sTm1, babA2+), group C (cagA+, s1m2,
babA2+), and group D (cagA+, sTm2, babA2-).

Table 5 Risk estimates (odds ratios) for intestinal
metaplasia when comparing Helicobacter pylori
infected patients belonging to groups B to D with those
belonging to group A

H pylori infecting strain ~ Odds ratio  95% confidence interval

Patients were subdivided on the basis of H pylori infecting groups A
to D. Group A: cagA-, s2, m2, babA2-; group B: cagA+, s1, m1,

babA2+; group C: cagA+, s1, m2, babA2+; group D: cagA+, s1,

m2, babA2-.

babA2, cagA, and the vacA alleles were not considered because
of their very low prevalence.

Figure 3 shows the proportion of H pylori infected patients
with antral or diffuse gastritis, with peptic ulcer, or with duo-
denitis belonging to groups A to D (X* = 30.0; p < 0.001).

Antral and body inflammation and H pylori density grade
were more pronounced in patients infected with H pylori
strains possessing all the virulence genes than in those with
none of the virulence genes (table 4).

The risk estimates for intestinal metaplasia increased as the
number of virulence genes in the H pylori infecting strain
increased (fig 4; table 5).

DISCUSSION

Using the method described by Gerhard ef al,"” babA2 was
positive in 24% of the H pylori strains, which is slightly lower
than that reported in the literature.” ** ** * * This might relate
to the fact that the reverse primer recognises a target DNA

www.clinpath.com

and oipA “on”.® 21720222 27293536 Interestingly, H pylori cagA
negative strains were almost all babA2 negative, oipA “off”,
and had the s2 and m2 vacA alleles, suggesting that the
absence of the pathogenicity island correlates with the
absence of a series of other virulence genes located outside the
PAL It is possible that there is a shared selective pressure for
H pylori strains possessing different virulence genes and PAI
genes. In line with this hypothesis, cagA positive strains were
carriers of the other virulence genes studied, although in dif-
ferent percentages: almost all had the s1 allele of vacA and
were oipA “on”, but only 61.5% and 52.8% had the m1 allele of
vacA or the babA2 gene. Negative babA2 or positive m2 vacA
findings correlated with an endoscopic diagnosis of antral
gastritis (82.7% and 76.9% of cases, respectively). In agree-

Group B 23.3 4.6t 117.9 ment with other authors," ' #2°** ¥ * cagA, 0ipA “on”, and sl
g:gﬂg g Hg ?; :Z gg; vacA were found more frequently in patients with peptic ulcer

or duodenitis than in patients with antral gastritis only,
confirming that these virulence genes play a role in modifying
gastroduodenal physiology, leading to mucosal erosions and
ulcer.

cagA and sl vacA played a leading role in determining
antral inflammation because higher grades of inflammation
and activity were associated with the above virulence genes,
but not with m1 vacA or babA2. Unlike inflammation, intesti-
nal metaplasia was significantly associated with all the
H pylori virulence genes studied, suggesting that each had a
potential pathogenic role in the onset of this precancerous
lesion.

“Infection with a more virulent H pylori strain was asso-
ciated with a higher degree of antral and body colonisa-
tion grade, inflammation, and activity”

We divided H pylori into four groups on the basis of positive
or negative findings for the virulence genes babA2, cagA, and
vacA. Most patients (80%) with antral gastritis only were
infected with group A (cagA-, s2m2 vacA, babA2-) H pylori
strains. The spread of gastritis to the gastric body was associ-
ated with a reduced frequency of group A infecting strains
(48.4%) and an increased proportion of H pylori expressing
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Take home messages

e The Helicobacter pylori genes cagA, oipA “on”, s1 and m1
vacA, and babA2 are associated with each other, possibly
as a result of shared selective pressure

® When coexpressed by the same H pylori strain, cagA, sl
and m1 vacA, and babA2 work synergistically in worsen-
ing inflammation

* The worst degrees of inflammation and intestinal metapla-
sia were seen in those patients infected by H pylori strains
coexpressing cagA, s1 vacA, babA2, and m1 vacA

two or more virulence genes. However, we found no specific
virulence gene pattern associated with the diagnosis of
diseases. With respect to the histology results, gastric mucosal
damage was more severe in group B (cagA+, slml vacA,
babA2+) than in group A H pylori infected subjects. This
means that infection with a more virulent H pylori strain was
associated with a higher degree of antral and body colonisa-
tion grade, inflammation, and activity. The presence of the two
virulence genes, cagA and the s1 allele of vacA, was associated
with a higher grade of inflammation, but not with H pylori
colonisation grade or activity. babA2 associated with cagA and
s1 vacA was related to a higher degree of activity, both in the
antrum and the body. We suggest that the H pylori induced
gastric inflammatory reaction does not depend on a single
factor, but probably results from the synergistic effect of mul-
tiple virulence factors, which work together in a complex way,
causing damage to the host. This was more clearly demon-
strated when intestinal metaplasia was analysed. This precan-
cerous lesion was almost completely absent (96.5%) in the
H pylori infected group A patients, whereas it was often seen
(36.8%) in patients infected with strains possessing at least
one of the virulence genes studied. The risk of developing
intestinal metaplasia was progressively higher as the number
of virulence genes possessed by the infecting strain increased,
suggesting separate roles for each of them in causing this his-
tological abnormality. In conclusion, the worst degrees of
inflammation and intestinal metaplasia were seen in those
patients infected by H pylori strains coexpressing cagA, sl
vacA, babA2, and m1 vacA.
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