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Abstract

Introduction: H. pylori has been detected in patients with hepatobiliary diseases. It is currently unclear whether the H. pylori detected in
hepatobiliary patients are genetically similar to those in gastro-duodenal patients. The aim of this study was to determine H. pylori vacA and
cagA genotypes in Thai patients with gastro-duodenal and hepatobiliary diseases.

Methodology: H. pylori DNA was extracted from samples from gastric biopsies of gastro-duodenal patients (n=100) and from bile samples of
hepatobiliary patients (n=80). The vacA and cagA genotypes were performed via polymerase chain reaction (PCR) followed by DNA
sequencing.

Results: The vacA m1 was found in Thai hepatobiliary patients (90%) at a higher rate compared with gastro-duodenal patients (50%).The
combined vacA sla+c/ml were mostly found in Thai gastro-duodenal and hepatobiliary patients. The cagA gene was detected in 94% of
patients with gastro-duodenal diseases compared with 28.8% in those with hepatobiliary diseases (p<0.05). On the other hand, the Western
type cagA was more prominent among hepatobiliary patients (100%) than gastro-duodenal patients (57.4%), and this type was grouped into
same cluster with Thai gastro-duodenal patients via phylogenetic analysis.

Conclusions: Based on vacA and cagA analysis, we conclude that infection with H. pylori in gastro-duodenal and hepatobiliary patients may
be caused by the different H. pylori strains.
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Introduction acceleration of biliary inflammation and proliferation

Helicobacter pylori (H. pylori) is a Gram-negative,
non-spore-forming and microaerophilic bacteria. This
bacterium is the primary agent in gastro-duodenal
diseases, including chronic gastritis and peptic ulcers,
which lead to gastric adenocarcinoma [1]. H. pylori was
recently proposed to be involved in the diseases of the
extra-gastroduodenal tract, particularly the
hepatobiliary tract [2]. Cholangiocarcinoma (CCA) is a
primary cancer of the biliary epithelium, and the
incidence of this cancer is endemic to Northeast
Thailand [3]. A report by Boonyanugomol et al.
revealed that H. pylori was detected in specimens of
hepatobiliary patients (especially in CCA patients) and
that this bacteria may be a factor in CCA due to its

[4].

Vacuolating cytotoxin A (vacA) and cytotoxin-
associated gene A (cagA) are the major virulence
factors of H. pylori contributing to disease severity [5].
VacA is produced in all strains of H. pylori, which
induces cytoplasmic vacuoles and increases membrane
permeability and apoptotic cell death and leads to
gastric epithelial cell damage [5]. Variations in H.
pylori vacA at signal (s) and middle (m) regions have
been studied. Allelic variations in the s-region and m-
region have been classified into the s1 (sla, slb, and
s1c) or s2 and m1 or m2 subtypes, respectively [6]. The
cagA gene is an important virulence factor of H. pylori
and is located at the end of the cag pathogenicity island
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(cagPAl) [7]. Infections with cagA-positive strains are
related to gastric ulcers, duodenal ulcers, and gastric
cancer. However, the prevalence of cagA-positive
strains depends on geographical distribution and the
associated human population [8]. The 3’ of the cagA
geneis a variable region encoding the EPIYA motifs
(Glu-Pro-lle-Tyr-Ala). Due to differences in these
motifs, the cagA gene can be classified into Western or
East Asian types [9]. Several studies revealed that
infections with East Asian cagA-positive strains are
associated with severe inflammation and gastric cancer
development compared with Western cagA-positive
strains [9-11]. Therefore, infection with different vacA
and cagA genotypes may lead to differing clinical
outcomes.

We have previously reported on the prevalence of
H. pylori vacA and cagA genotypes in hepatobiliary
patients [12]. However, data on the genetic association
between H. pylori colonized in hepatobiliary and
gastro-duodenal tracts remain lacking because those
genes have not been completely compared between the
two disease groups. The aims of this study were to
characterize the genotypes of the vacA and cagA genes
of H. pylori detected in Thai gastro-duodenal patients
and to compare these genotypes with Thai hepatobiliary
patients based on our previously published data [12].
The genotype patterns of vacA and cagA in these two
groups were analyzed. Elucidating the genetic
relationship between H. pylori genotypes detected in
gastro-duodenal and hepatobiliary patients may
contribute to a better understanding of the pathogenesis
of H. pylori in hepatobiliary diseases.

J Infect Dev Ctries 2017; 11(1):42-50.

Methodology
Specimens

Gastric biopsies were performed on dyspeptic
patients who underwent gastroendoscopy and
examination at the endoscopic unit, Srinagarind
Hospital, Faculty of Medicine, Khon Kaen University.
Dyspeptic patients were characterized as having non-
ulcer diseases (NUD), peptic ulcer diseases (PUD), or
gastric cancer (GC). In this study, a total of 100 gastric
samples were positive for the rapid urease test (RUT),
taken to indicate H. pylori infection.

Based on previously published data, bile samples
were taken from patients with different hepatobiliary
disorders (CCA and cholelithiasis) at the surgical unit
of the Srinagarind Hospital, Faculty of Medicine, Khon
Kaen University [12]. A total of 80 bile samples were
found to be positive for the H. pylori ureA gene via
polymerase chain reaction (PCR). Patients with history
of previous H. pylori treatment were excluded from this
study.

Approval for this study was obtained from the
human ethics committee of Khon Kaen University
(HE581271), and informed consent was obtained from
all patients.

DNA extraction

H. pylori genomic DNA was extracted from bile
and gastric tissue samples. DNA extractions from bile
samples were previously described by Boonyanugomol
et al. [4]. The DNA samples from biopsies positive for
RUT were extracted using a genomic DNA extraction

Table 1. Primer sequences and polymerase chain reaction (PCR) conditions for amplification of H. pylori virulence-associated genes.

Genes Primer sequences PCR condition PCR sizes Ref.
OF-GCTAATGGTAAATTAGTTCCTGG 94°C 30 sec, 62°C 30 sec, 72°C
ureA gene ORCTCCTTAATTGTTTTTACATAGTTG 30 sec (40 cycles) 411 13
(nested PCR) IF-AGTTCCTGGTGAGTTGTTCTTAA 94°C 30 sec, 59°C 30 sec, 72°C 350
IR-AACCACGCTCTTTAGCTCTGTC 30 sec (40 cycles)
vacAsl/s2 F-5-ATGGAAATACAACAAACACAC-3’ 94°C 1 min, 58°C 1 min, 72°C 1 259/286 14
R-5-CTGCTTGAATGCGCCAAAC-3’ min (35 cycles)
vacAsla F-5-GTCAGCATCACACCGCAAC-3’ 94°C 1 min, 60°C 1 min, 72°C; 190 14
R-5-CTGCTTGAATGCGCCAAAC-3’ 1 min (35 cycles)
vacAslb F-5-AGCGCCATACCGCAAGAG-3’ 94°C 1 min ; 60°C 1 min, 72°C; 187 14
R-5-CTGCTTGAATGCGCCAAAC-3’ 1 min (35 cycles)
vacAsic F-5-CTCTCGCTTTAGTGGGGYT-3' 94°C 1 min, 60°C 1 min, 72°C 1 213 15
R-5-CTGCTTGAATGCGCCAAAC-3' min (35 cycles)
F- 5-CAATCTGTCCAATCAAGCGAG-3’ 94°C 1 min, 55°C 1 min, 72°C 1
vacAm1/m2 R- 5 GCGTCAAAATAATTCCAAGG-3’  min (35 cycles) S67/642 14
OF-5-AGACAACTTGAGCGAGAAAG-3' 94°C 30 sec, 55°C 30 sec, 72°C 320
cagA gene OR-5'-TATTGGGATTCTTGGAGGGG-3' 1.5 min (35 cycles) 16
(nested PCR) OF-5-AGACAACTTGAGCGAGAAAG-3' 94°C 30 sec, 57°C 30 sec, 72°C 307
IR-5-GGAGGCGTTGGTGTATTTGA-3' 30 sec (35 cycles)
cagA sequencing F-5-GGAACCCTAGTCGGTAATG-3 94°C 30 sec, 57°C 1 min, 72°C 550-800 17

R-5~ATCTTTGAGCTTGTCTATCG-3'

30 sec (35 cycles)

43



Boonyanugomol et al. —H. pylori in stomach and liver diseases

and purification kit (Gentra System, Inc., Minneapolis,
USA), according to the manufacturer’s instructions.

PCR assay

PCR amplifications of H. pylori virulence genes
were based on previously published protocols with
slight modifications [13-17]. The PCR primer,
annealing condition, and PCR product sizes are shown
in Table 1.

The PCR was performed in a total volume of 50 L
containing 500 ng of genomic DNA from the sample,
1X PCR buffer (RBC, Bioscience, Taipei, Taiwan), 200
UM of dNTP (Gibco, Gaithersburg, USA), 0.2 uM of
each primer (with the exception of 0.5 uM for cagA
sequencing), and 1.5 U Tag polymerase (RBC,
Bioscience, Taipei, Taiwan). PCR amplification was
conducted using a GeneAmp PCR system 9600 (Perkin
Elmer, Waltham, USA). The amplification was
programmed for 35 cycles. Finally, PCR amplicons
were examined via agarose gel electrophoresis and
visualized under a UV illuminator after staining with
ethidium bromide.

DNA sequence analysis

To confirm the subtypes of the cagA gene,
amplicons were purified and sequenced using a
DYEnamic ET Dye Terminator Cycle Sequencing Kit
from the MegaBACE 1000 DNA Analysis System (GE
Healthcare, Life Sciences, Little Chalfont, UK). The
cagA types were investigated by translating the amino
acid sequence usingthe BMC Search Launcher program
(Baylor College of Medicine, Houston, Texas, USA).

Phylogenetic analysis of cagA
The genetic relationship was confirmed by
conducting a phylogenetic analysis of a partial

J Infect Dev Ctries 2017; 11(1):42-50.

sequence of the Western-type cagA detected in patients
with gastro-duodenaland hepatobiliary disease and
comparing this type with other cagA DNA sequences
of gastro-duodenal patients from various geographic
locations. To clarify the relationship between cagA
detected in gastro-duodenal and hepatobiliary patients
in Thailand, a phylogenetic analysis was performed.
The non-Thai cagA sequences of gastro-duodenal
patients from various regions were also taken from
GenBank. The accession numbers used in the tree
construction came from the following regions: Japan
(AB190943, AB190946, AB190954, AB190956, and
AB190949), Australia (AF202973, AF083352, and
AF282853), the United States (AB015416, DQ067454,
and ABO015414), and Europe (AY330639 and
AY330644). The partial sequences of cagA were
aligned using the CLUSTAL W program. The
phylogenetic tree was constructed using a maximum
parsimony protocol, and reliability was confirmed via
reconstruction with 1,000 replicates (MEGA software
version 4.0, Center for Evolutionary Medicine and
Informatics, Tempe, USA).

Statistical analysis

Data were subjected to analysis via Fisher’s exact
test (two-tailed test). A p value of less than 0.05 was
regarded as statistically significant.

Results

Patients with gastro-duodenal and hepatobiliary
diseases were evaluated for possible relationship to age,
gender, and clinical manifestations (Table 2). Males
and patients 41-60 years of age were found most
frequently in the two patient groups.

Table 2. Distribution of 180 patients with different clinical characteristics based on age and gender.

Hepatobiliary diseases

Gastro-duodenal diseases

n =280 n =100
CCA Cholelithiasis Total Gastric Non-ulcer Peptic ulcer Total
cancer disease diseases
n =58 (%) n =22 (%) n = 80 (%) n =12 (%) n = 46 (%) n =42 (%) n =100 (%)
Age (years)
15-40 0 (0) 3(13.7) 3(3.8) 1(8.0) 14 (30.4) 8 (19.0) 23 (23.0)
41-60 39 (67.2) 7 (31.8) 46 (57.4) 4 (34.0) 20 (43.5) 18 (42.9) 42 (42.0)
> 60 19 (32.8) 12 (54.5) 31 (38.8) 6 (50.0) 8 (17.4) 9 (21.4) 23 (23.0)
ND - - - 1(8.0) 4 (8.7) 7 (16.7) 12 (11.0)
Gender

Male 35 (60.3) 6 (27.3) 41 (51.3) 5 (41.7) 21 (45.7) 25 (59.5) 51 (51.0)
Female 23 (39.7) 16 (72.7) 39 (48.7) 7 (58.3) 22 (47.8) 11 (26.2) 40 (40.0)

ND - - - - 3(6.5) 6 (14.3) 9 (9.0

ND: no determination due to no information.
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Prevalence of H. pylori vacA genotypes in gastro-
duodenal and hepatobiliary diseases

The genotype of the signal region (s) in vacA genes
was type vacA sl (100%) in both gastro-duodenal and
hepatobiliary diseases. A detailed analysis of the vacA
s1 type showed that the vacA sla+c genotype was more
predominant in these two groups. However, the vacA
s2 and slb types were absent. The variation in the
middle region (m) of the vacA ml and m2 alleles
showed a nearly similar proportion of gastro-duodenal
diseases (50% and 45%, respectively). In contrast, the
vacA m1l allele (90%) was found more frequently than
the m2 allele (10%) in hepatobiliary diseases. When
comparing these two groups, the vacA ml was
significantly associated with hepatobiliary diseases, as
shown in Table 3 (p<0.05).

Additionally, the gene combination of the vacA
signal and the middle regions is shown in Table 4. The
distribution of vacA sla+tc/ml subtype was
predominantly found compared to other subtypes in
hepatobiliary diseases similar to gastro-duodenal
disease.

Prevalence of H. pylori cagA genotypes in gastro-
duodenal and hepatobiliary diseases

The cagA gene was found in 94% of gastro-
duodenal patients, but in only 28.8% of hepatobiliary
patients. Comparison among the two patient groups

J Infect Dev Ctries 2017; 11(1):42-50.

revealed that the cagA gene was significantly
predominant in the gastro-duodenal patients.

According to PCR and DNA sequencing analysis,
Western and East Asian cagA types were found in
patients with gastro-duodenal diseases. The Western
type (57.4%) was found significantly more frequently
than the East Asian type (33%) (p<0.05).

In hepatobiliary patients, all cagA-positive samples
were of the Western type (100%), especially in CCA
patients. Our results revealed that the Western-type
cagA gene was predominant in patients with
hepatobiliary diseases.

Phylogenetic analysis of H. pylori cagA Western type
detected in gastro-duodenal and hepatobiliary diseases

Due to the predominance of the cagA Western type
in hepatobiliary diseases, DNA sequencing of the
amplified product was performed. The DNA sequences
of the cagA Western type in hepatobiliary diseases were
studied for genetic relationships with random samples
of the cagA Western type in Thai gastro-duodenal
patients (n=20). In this study, the constructed tree
showed two general clusters, cluster A (Thai cluster)
and cluster B (mixed cluster) (Figure 1). Cluster A was
the Thai cluster, which contained cagA sequences in
Thai hepatobiliary and Thai gastro-duodenal patients.
The interesting findings in cluster A included a genetic
relationship between H. pylori detected in the gastro-

Table 3. Virulence-associated gene status of H. pylori with differing clinical outcomes in hepatobiliary and gastro-duodenal patients.

Hepatobiliary diseases

Gastro-duodenal diseases

n =380 n =100
Genes CCA Cholelithiasis Total Gastric Non-ulcer Peptic ulcer Total
cancer diseases disease
n =58 (%) n =22 (%) n =80 (%) n =12 (%) n =46 (%) n =42 (%) n =100 (%)
vacA s types

sl 58 (100) 22 (100) 80 (100) 11 (91.7) 46 (100) 41 (97.6) 98 (98.0)
sla 15 (25.9) 7 (31.8) 22 (27.5) 4 (36.4) 21 (45.7) 9 (22.0) 34 (34.7)
slc 10 (17.2) 3 (13.6) 13 (16.3) 4 (36.4) 6 (13.0) 9 (22.0) 19 (19.4)
sla+c 33 (56.9) 12 (54.5) 45 (56.2) 3(27.2) 19 (41.3) 23 (56.0) 45 (45.9)

s2 0(0) 0 (0) 0 (0) 0(0) 0 (0) 0 (0) 0 (0)

ND - - - 1(8.3) - 1(2.4) 2 (2.0)

vacA m types

ml 53 (91.4) 19 (86.4) 72 (90) * 7 (58.3) 22 (47.8) 21 (50.0) 50 (50.0)
m2 5 (8.6) 3(13.6) 8 (10) 4 (33.3) 22 (47.8) 19 (45.2) 45 (45.0)

ml+m2 0 (0) 0 (0) 0 (0) 1(8.4) 1(2.2) 1(2.4) 3(3.0)

m negative - - - - 1(2.2) 1(2.4) 2 (2.0)
cagA* types 21 (36.2) 2(9.1) 23 (28.8) 11 (91.7) 44 (95.7) 39 (92.9) 94 (94.0)%
Western 21 (100) 2 (100) 23 (100) 6 (54.5) 20 (45.5) 28 (71.8) 54 (57.4)
East Asian 0 (0) 0 (0) 0(0) 5 (45.5) 17 (38.6) 9(23.1) 31 (33.0)

Mixed 0(0) 0 (0) 0 (0) - 7(15.9) 2(5.1) 9 (9.6)

cagA 37 (63.8) 20 (90.9) 57 (71.2) 1(8.3) 2 (4.3) 3(7.1) 6 (6.0)

" There was a statistically significant association between vacA m1 and cagA Western type in hepatobiliary diseases compared with gastro-duodenal diseases
(p<0.05); # There was a statistically significant association between cagA* and gastro-duodenal diseases compared with hepatobiliary diseases (p<0.05); ND:

no determination due to no information.
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Table 4. Gene combination of H. pylori vacA s- and m-regions in hepatobiliary and gastro-duodenal patients.

Combination of vacA gene

Hepatobiliary diseases (%6)

Gastro-duodenal diseases (%)

vacAsla/ml 21 (26.3) 18 (18.0)
vacAslc/ml 11 (13.8) 9(9.0)
vacA sl a+c/ml 40 (50.0) 23 (23.0)
vacAsla/m2 13 (13.0)
vacAslc/m2 10 (10.0)
vacA sl a+c/ m2 22 (22.0)
vacAsla/ml+ m2 3(3.0)
UD, undetectable 2 (2.0)

duodenal and hepatobiliary tract with a unique genetic
presence in the Thai population. However, cluster B
was a mixed group that included
Asian/European/American/Australian sequences.
Findings in cluster B showed that some cagA sequences
of Thai patients (gastro-duodenal and hepatobiliary
diseases) had genetic similarity with cagA sequences
from Japan and the Western geographic region, which
diverged from the Thai cluster.

Discussion

Helicobacter pylori is widely known to be the
primary agent of gastro-duodenal diseases, including
gastric cancer. The gastro-intestinal tract connects with
the hepatobiliary tract via the common bile duct at the
duodenal papilla; thus, the bacterium in the stomach
could pass to the duodenum through the biliary system.
Helicobacter species can colonize diverse regions of
the digestive system, including the gallbladder,
intrahepatic bile duct, and liver [18,19]. This
knowledge led to investigations into a potential
relationship  between Helicobacter species and
hepatobiliary diseases. The relationship between H.
pylori and liver diseases has been assessed in humans,
and several reports have demonstrated the prevalence of
H. pylori in hepatobiliary diseases [20-22]. Previous
study reported that H. pylori or related similar H. pylori
could be detected in liver tissues from patients with
cholestatic liver diseases [21]. In agreement with our
previous report, we demonstrated that H. pylori was
found significantly in patients with CCA compared to a
cholelithiasis and control groups [4]. Additionally, our
previous study found that the presence of H. pylori in
CCA patients was associated with biliary cell
inflammation and proliferation, as determined via
inflammatory grading and Ki67-labelling
immunohistochemistry techniques, respectively [4].
Together, our previous results indicated that H. pylori
was strongly associated with CCA through the
acceleration of biliary cell inflammation and the
disturbance of biliary cell kinetics. We subsequently
reported on the genotypes of vacA and cagA genes in

hepatobiliary patients [12]. However, it remains unclear
whether the gastro-duodenal and hepatobiliary patients
suffering from H. pylori infection had the same strain.
In the present study, molecular characterization was
carried out to determine the genetic characteristics of H.
pylori detected in gastro-duodenal diseases and
compared with our previous data of hepatobiliary
diseases [12].

Figure 1. Phylogenetic analysis of partial cagA gene (Western
type) detected in hepatobiliary and gastro-duodenal (dyspeptic
patients) diseases in a Thai population. The cagA Western type
DNA sequences from different geographic locations were also
analyzed: Japan (AB190943, AB190946, AB190954,
AB190956, and AB190949), USA (AB015416, DQ067454, and
AB015414), Europe (AY330639 and AY330644), Australia
(AF202973, AF083352, and AF282853).
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CCA: Thai cholangiocarcinoma patients; GS: Thai cholelithiasis
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Thai duodenal ulcer patients; GC: Thai gastric cancer patients.
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VacA is the major protein toxin secreted by H.
pylori, and this toxin is present in all H. pylori strains
[5]. Multiple effects of VacA on infected cells have
been investigated, including the induction of cell
vacuolation, inflammatory responses, apoptosis, and
cell damage [8]. In the present study, we detected the
vacA sl type in both gastro-duodenal and hepatobiliary
patients; however, vacA s2 was not found. Within the
vacA sl subtype, the vacA sla+c subtype appeared to
be present at a high proportion in hepatobiliary and
gastro-duodenal patients (although with no significant
differences in gastro-duodenal patients). Previous
studies showed that vacA sla and slc, but not slb and
s2 strains, were found in a Southeast Asian population
[23]. Conversely, vacA slb and s2 appeared in East
Asian and African Arab populations [15,24,25].0ur
findings are in agreement with a previous report that
showed that mixed vacA sla+c was more frequently
found in patients with various gastric diseases in North
Thailand [26].We assumed that the prevalence of vacA
subtypes varies among different ethnic and geographic
populations. The presence of mixed H. pylori vacA sla
and slc (vacA sla+c) may result from genetic
recombination, leading to mutation inside a strain [27].
We suggested that mixed subtypes of vacA (vacA
sla+c) increase the chance of infection with more H.
pylori pathogenic strains [26].

The vacA m-region is involved in cell binding, and
vacA ml and m2 genotypes ultimately affect the
specificity to various cellular receptors [28]. The
glycoprotein receptor protein tyrosine phosphatase
(RPTPs) is a receptor for the VacA toxin [29]. Our
findings showed that H. pylori vacA ml strains were
more frequent in hepatobiliary diseases (p<0.05),
whereas vacA m1 and m2 strains were more frequent in
gastro-duodenal patients in the same proportion. The
difference in vacA m genotypes in hepatobiliary and
gastro-duodenal patients may depend on different
organs, specific binding to individual cell types, and
differing post-translational modifications of RPTPs in
each cell type [29]. However, gene combination of
vacA s- and m-region revealed that vacA sla+c/ml was
mostly found in both gastro-duodenal and hepatobiliary
diseases. The activity of vacA s1/ml causes more
severe inflammation and gastric cell damage than the
other subtypes, and an especially low and absent
activity has been observed in the s2/m2 subtype [6]. We
concluded that vacAsl/ml might be involved with
severity of hepatobiliary diseases, especially in CCA.

H. pylori cagA plays an important role in gastric
mucosal inflammation. The tyrosine phosphorylation of
CagA is widely known to occur at the EPI'Y A motif [7].

J Infect Dev Ctries 2017; 11(1):42-50.

The genetic variation of the EPIYA motif has been
investigated, and four distinct segments were
determined: EPIYA-A, EPIYA-B, EPIYA-C, and
EPIYA-D. The East Asian and Western CagA are
characterized by the presence of EPIYA-ABD and
EPIYA-ABC, respectively. The co-culture of AGS cells
with East Asian and Western CagA strains showed that
East Asian CagA strains induced significantly more IL-
8 production than Western CagA strains [9]. However,
H. pylori expressing the CagA Western type were also
related to the severity of inflammation and gastric
cancer development [9]. Most H. pylori samples in
gastro-duodenal patients of our study carried the cagA
gene (94%), whereas the cagA gene was found in
28.8% of hepatobiliary patients (p< 0.05). The
difference in cagA prevalence between the two patient
groups may be due to other virulence-associated genes
that are associated with the presence of the cagA gene.
One suggestion by a previous report stated that bacterial
binding to the fucosylated blood group antigen Lewis b
(LeP) is coded by the babA; gene and is associated with
the presence of the cagA gene [30]. Thus, differences
in the prevalence of cagA between the two patient
groups may depend on other factors such as the level of
LePexpression in biliary and gastric cells. In addition to
the cagA gene, another H. pylori virulence factor may
play a role in hepatobiliary diseases and should be
further studied, such as our previous report
investigating the effects of H. pylori v-
glutamyltranspeptidase (GGT) in biliary cells [31].
Thailand is located in Southeast Asia, an area that
is at the cultural crossroads of East and South Asia and
is host to the migration of several geographic
populations. The distribution of East Asian CagA
strains is predominant in East Asian countries including
Japan, China, and Korea. In contrast, Western CagA
strains are widely distributed among European, South
and Central Asian, North and South American, and
African populations [32]. In the present study, the
Western CagA type was more common than the East
Asian CagA type in Thai gastro-duodenal patients. We
showed that the Western CagA type was predominant
in hepatobiliary diseases and gastro-duodenal diseases.
One possible explanation of the Western cagA type
predominant in the Thai population might be dependent
on geography and ethnic groups. We found that gastro-
duodenal patients in the Isan ethnic group (who are
considered to live in Northeast Thailand) were
significantly associated with the Western CagA type
(data not shown), which was consistent with a previous
epidemiological report that revealed that the Isan ethnic
group in Northeast Thailand had a high percentage of
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CCA [33]. Additionally, relationships between host and
pathogen genetic variations and other environmental
factors play important roles in the variability of
infection outcomes [34]. Therefore, the host genetics of
local ethnic populations in Northeast Thailand may also
select for H. pylori Western cagA strain infection.

To clarify the genetic relationships between the H.
pylori in the two patient groups, Western cagA
sequences in hepatobiliary diseases were analyzed and
compared with randomized Western cagA sequences in
gastro-duodenal diseases (via phylogenetic analysis).
Our constructed phylogenetic tree included two groups.
Most of the Western cagA sequences (74%) in Thai
gastro-duodenal and Thai hepatobiliary patients were
grouped in same cluster, designated the Thai cluster,
which diverged from the mixed cluster, which
contained Asian/European/American/Australian
sequences. However, 26% of the Western cagA
sequences of Thai gastro-duodenal patients and Thai
hepatobiliary patients were classified as being in the
mixed cluster. Several geographic populations live
together in Southeast Asia; thus, migration from various
regions may be linked to diverse strains of H. pylori, as
previously described by Breurecet al. in 2011 [35].
These two patient groups were classified into the same
group (the Thai population cluster) because they both
exhibited the similarity of Western-type cagA
sequences. However, we suggest that other H. pylori
genes should be used in classifying these two patient
groups by phylogenetic analysis.

The high percentage of CCA in Northeast Thailand
has been clearly demonstrated to be associated with
liver fluke (Opisthorchis viverrini) infection. However,
other factors in bile duct carcinogenesis should not be
neglected, such as bacterial infection. Our previously
published data showed that cagPAl especially cagA of
H. pylori can induce inflammation and disturbance of
cell kinetic on hepatobiliary cell lines [31,36,37].
Therefore, we suggest that, in addition to O. viverrini
infection, H. pylori may be a co-factor of the O.
viverrini pathogenesis in Thai CCA patients as
previously described by our colleagues, showing the
significant relationship between O. viverrini and H.
pylori [38]. However, the association and role of H.
pylori in CCA should be further investigated.

Our findings showed that the cagA gene was
significantly more predominant in gastro-duodenal
patients (94%) than in hepatobiliary patients (28.8%)
(p<0.05). Moreover, high prevalence of vacA m1 (90%)
and Western-type cagA (100%) were detected in
hepatobiliary patients, and low prevalence was
detectedin gastro-duodenal patients. Therefore, these

J Infect Dev Ctries 2017; 11(1):42-50.

findings indicate that H. pylori infection in gastro-
duodenal and hepatobiliary patients may be caused by
the different H. pylori strains.

Conclusions

Our study is the first to show the genetic
characterization between H. pylori in diseases of the
gastro-duodenal and hepatobiliary tracts. Infection with
H. pylori in gastro-duodenal patients and hepatobiliary
patients may be caused by different H. pylori strains.
However, the pathogenesis of this bacteria in the
hepatobiliary tract should be further elucidated.

Acknowledgements

This study was supported by the Higher Education Research
Promotion and National Research University Project of
Thailand, Office of the Higher Education Commission,
through the Center of Excellence in Specific Health Problems
in Greater Mekong Sub-region cluster (SHeP-GMS),
KhonKaen University to Chariya Chomvarin et al. The
authors thank the Liver Fluke and Cholangiocarcinoma
Research Center for specimens. We are grateful to all medical
staff at the endoscopic and surgery units of the Srinagarind
Hospital for specimen collection.

References

1. Peek RM, Jr., Blaser MJ (2002) Helicobacter pylori and
gastrointestinal tract adenocarcinomas. Nat Rev Cancer 2: 28-
ar.

2. Huang Y, Fan XG, Wang ZM, Zhou JH, Tian XF, Li N (2004)
Identification of helicobacter species in human liver samples
from patients with primary hepatocellular carcinoma. J Clin
Pathol 57: 1273-1277.

3. SripaB, Pairojkul C (2008) Cholangiocarcinoma: lessons from
Thailand. CurrOpin Gastroenterol 24: 349-356.

4. Boonyanugomol W, Chomvarin C, Sripa B, Bhudhisawasdi V,
Khuntikeo N, Hahnvajanawong C, Chamsuwan A (2012)
Helicobacter pylori in Thai patients with cholangiocarcinoma
and its association with biliary inflammation and proliferation.
HPB (Oxford) 14: 177-184.

5. Palframan SL, Kwok T, Gabriel K (2012) Vacuolating
cytotoxin A (VacA), a key toxin for Helicobacter pylori
pathogenesis. Front Cell Infect Microbiol 2: 92.

6. Atherton JC, Cao P, Peek RM Jr., Tummuru MK, Blaser MJ,
Cover TL (1995) Mosaicism in vacuolating cytotoxin alleles of
Helicobacter pylori. Association of specific vacA types with
cytotoxin production and peptic ulceration. J Biol Chem 270:
17771-17777.

7. Higashi H, Tsutsumi R, Fujita A, Yamazaki S, Asaka M,
Azuma T, Hatakeyama M (2002) Biological activity of the
Helicobacter pylori virulence factor CagA is determined by
variation in the tyrosine phosphorylation sites. Proc Natl Acad
Sci U S A 99: 14428-14433.

8. Jones KR, Whitmire JM, Merrell DS (2010) A Tale of Two
Toxins: Helicobacter pylori CagA and VacA Modulate Host
Pathways that Impact Disease. Front Microbiol 1: 115.

9. Argent RH, Hale JL, ElI-Omar EM, Atherton JC (2008)
Differences in  Helicobacter pylori CagA tyrosine
phosphorylation motif patterns between western and East

48



Boonyanugomol et al. —H. pylori in stomach and liver diseases

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Asian strains, and influences on interleukin-8 secretion. J Med
Microbiol 57: 1062-1067.

Hatakeyama M (2004) Helicobacter pylori causes gastric
cancer by hijacking cell growth signaling. Discov Med 4: 476-
481.

Abe T, Kodama M, Murakami K, Matsunari O, Mizukami K,
Inoue K, Uchida M, Okimoto T, Fujioka T, Uchida T,
Moriyama M, Yamaoka Y (2011) Impact of Helicobacter
pylori CagA diversity on gastric mucosal damage: an
immunohistochemical study of East-Asian-type CagA. J
Gastroenterol Hepatol 26: 688-693.

Boonyanugomol W, Chomvarin C, Sripa B, Chau-In S,
Pugkhem A, Namwat W, Wongboot W, Khampoosa B (2012)
Molecular analysis of Helicobacter pylori virulent-associated
genes in hepatobiliary patients. HPB (Oxford) 14: 754-763.
Oliveira AG, das Gracas Pimenta Sanna M, Rocha GA, Rocha
AM, Santos A, Dani R, Marinho FP, Moreira LS, de Lourdes
Abreu Ferrari M, Moura SB, Castro LP, Queiroz DM (2004)
Helicobacter species in the intestinal mucosa of patients with
ulcerative colitis. J Clin Microbiol 42: 384-386.

Qiao W, Hu JL, Xiao B, Wu KC, Peng DR, Atherton JC, Xue
H (2003) cagA and vacA genotype of Helicobacter pylori
associated with gastric diseases in Xi'an area. World J
Gastroenterol 9: 1762-1766.

Yamazaki S, Yamakawa A, Okuda T, Ohtani M, Suto H, Ito Y,
Yamazaki Y, Keida Y, Higashi H, Hatakeyama M, Azuma T
(2005) Distinct diversity of vacA, cagA, and cagE genes of
Helicobacter pylori associated with peptic ulcer in Japan. J
Clin Microbiol 43: 3906-3916.

Ito Y, Azuma T, Ito S, Miyaji H, Hirai M, Yamazaki Y, Sato
F, Kato T, Kohli Y, Kuriyama M (1997) Analysis and typing
of the vacA gene from cagA-positive strains of Helicobacter
pylori isolated in Japan. J Clin Microbiol 35: 1710-1714.
Argent RH, Zhang Y, Atherton JC (2005) Simple method for
determination of the number of Helicobacter pylori CagA
variable-region EPIYA tyrosine phosphorylation motifs by
PCR. J Clin Microbiol 43: 791-795.

Fox JG, Dewhirst FE, Tully JG, Paster BJ, Yan L, Taylor NS,
Collins MJ Jr., Gorelick PL, Ward JM (1994) Helicobacter
hepaticus sp. nov., a microaerophilic bacterium isolated from
livers and intestinal mucosal scrapings from mice. J Clin
Microbiol 32: 1238-1245.

Fox JG, Yan LL, Dewhirst FE, Paster BJ, Shames B, Murphy
JC, Hayward A, Belcher JC, Mendes EN (1995) Helicobacter
bilis sp. nov., a novel Helicobacter species isolated from bile,
livers, and intestines of aged, inbred mice. J Clin Microbiol 33:
445-454,

LinTT, Yeh CT, Wu CS, Liaw YF (1995) Detection and partial
sequence analysis of Helicobacter pylori DNA in the bile
samples. Dig Dis Sci 40: 2214-2219.

Nilsson HO, Taneera J, Castedal M, Glatz E, Olsson R,
Wadstrom T (2000) Identification of Helicobacter pylori and
other Helicobacter species by PCR, hybridization, and partial
DNA sequencing in human liver samples from patients with
primary sclerosing cholangitis or primary biliary cirrhosis. J
Clin Microbiol 38: 1072-1076.

Kawaguchi M, Saito T, Ohno H, Midorikawa S, Sanji T, Handa
Y, Morita S, Yoshida H, Tsurui M, Misaka R, Hirota T, Saito
M, Minami K (1996) Bacteria closely resembling Helicobacter
pylori detected immunohistologically and genetically in
resected gallbladder mucosa. J Gastroenterol 31: 294-298.
Sahara S, Sugimoto M, Vilaichone RK, Mahachai V, Miyajima
H, Furuta T, Yamaoka Y (2012) Role of Helicobacter pylori

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

J Infect Dev Ctries 2017; 11(1):42-50.

cagA EPIYA motif and vacA genotypes for the development
of gastrointestinal diseases in Southeast Asian countries: a
meta-analysis. BMC Infect Dis 12: 223.

Aziz F, Chen X, Yang X, Yan Q (2014) Prevalence and
Correlation with Clinical Diseases of Helicobacter pylori cagA
and vacA Genotype among Gastric Patients from Northeast
China. Biomed Res Int 2014: 142980.

Al Qabandi A, Mustafa AS, Siddique I, Khajah AK, Madda JP,
Junaid TA (2005) Distribution of vacA and cagA genotypes of
Helicobacter pylori in Kuwait. Acta Trop 93: 283-288.
Linpisarn S, Suwan W, Lertprasertsuk N, Koosirirat C, Steger
HF, Prommuangyong K, Phornphutkul K (2007) Helicobacter
pylori cagA, vacA and iceA genotypes in northern Thai
patients with gastric disease. Southeast Asian J Trop Med
Public Health 38: 356-362.

Sedaghat H, Moniri R, Jamali R, Arj A, Razavi Zadeh M,
Moosavi SG, Rezaei M, Pourbabaee M (2014) Prevalence of
Helicobacter pylori vacA, cagA, cagE, iceA, babA2, and oipA
genotypes in patients with upper gastrointestinal diseases. Iran
J Microbiol 6: 14-21.

Ji X, Fernandez T, Burroni D, Pagliaccia C, Atherton JC,
Reyrat JM, Rappuoli R, Telford JL (2000) Cell specificity of
Helicobacter pylori cytotoxin is determined by a short region
in the polymorphic midregion. Infect Immun 68: 3754-3757.
De Guzman BB, Hisatsune J, Nakayama M, Yahiro K, Wada
A, Yamasaki E, Nishi Y, Yamazaki S, Azuma T, Ito Y, Ohtani
M, van der Wijk T, den Hertog J, Moss J, Hirayama T (2005)
Cytotoxicity and recognition of receptor-like protein tyrosine
phosphatases, RPTPalpha and RPTPbeta, by Helicobacter
pylori m2VacA. Cell Microbiol 7: 1285-1293.

Queiroz DM, Mendes EN, Carvalho AS, Rocha GA, Oliveira
AM, Soares TF, Santos A, Cabral MM, Nogueira AM (2000)
Factors associated with Helicobacter pylori infection by a
cagA-positive strain in children. J Infect Dis 181: 626-630.
Boonyanugomol W, Chomvarin C, Song JY, Kim KM, Kim
JM, Cho MJ, Lee WK, Kang HL, Rhee KH, Sripa B,
Hahnvajanawong C, Baik SC (2012) Effects of Helicobacter
pylori gamma-glutamyltranspeptidase on apoptosis and
inflammation in human biliary cells. Dig Dis Sci 57: 2615-
2624.

Yamaoka Y, Orito E, Mizokami M, Gutierrez O, Saitou N,
Kodama T, Osato MS, Kim JG, Ramirez FC, Mahachai V,
Graham DY (2002) Helicobacter pylori in North and South
America before Columbus. FEBS Lett 517: 180-184.

Sripa B, Pairojkul C (2008) Cholangiocarcinoma: lessons from
Thailand. Curr Opin Gastroenterol 24: 349-356.

Kodaman N, Pazos A, Schneider BG, Piazuelo MB, Mera R,
Sobota RS, Sicinschi LA, Shaffer CL, Romero-Gallo J, de
Sablet T, Harder RH, Bravo LE, Peek RM Jr., Wilson KT,
Cover TL, Williams SM, Correa P (2014) Human and
Helicobacter pylori coevolution shapes the risk of gastric
disease. Proc Natl Acad Sci U S A 111: 1455-1460.

Breurec S, Guillard B, Hem S, Brisse S, Dieye FB, Huerre M,
Oung C, Raymond J, Tan TS, Thiberge JM, Vong S, Monchy
D, Linz B (2011) Evolutionary history of Helicobacter pylori
sequences reflect past human migrations in Southeast Asia.
PLo0S One 6: €22058.

Boonyanugomol W, Chomvarin C, Baik SC, Song JY,
Hahnvajanawong C, Kim KM, Cho MJ, Lee WK, Kang HL,
Rhee KH, Sripa B (2011) Role of cagA-positive Helicobacter
pylori on cell proliferation, apoptosis, and inflammation in
biliary cells. Dig Dis Sci 56: 1682-1692.

49



Boonyanugomol et al. —H. pylori in stomach and liver diseases

37.

38.

Boonyanugomol W, Chomvarin C, Hahnvajanawong C, Sripa
B, Kaparakis-Liaskos M, Ferrero RL (2013) Helicobacter
pylori cag pathogenicity island (cagPAl) involved in bacterial
internalization and IL-8 induced responses via NOD1- and
MyD88-dependent mechanisms in human biliary epithelial
cells. PLoS One 8: e77358.

Deenonpoe R, Chomvarin C, Pairojkul C, Chamgramol Y,
Loukas A, Brindley PJ, Sripa B (2015) The carcinogenic liver
fluke Opisthorchis viverrini is a reservoir for species of
Helicobacter. Asian Pac J Cancer Prev 16: 1751-1758.

J Infect Dev Ctries 2017; 11(1):42-50.

Corresponding author

Chariya Chomvarin

Department of Microbiology, Faculty of Medicine, KhonKaen
University, Mitraparb Rd., 40002, KhonKaen, Thailand.
Phone: 66-43-363808;

Fax: 66-43-348385

Email: chariya@kku.ac.th

Conflict of interests: No conflict of interests is declared.

50



	Introduction
	Methodology
	Specimens
	DNA extraction
	PCR assay
	DNA sequence analysis
	Phylogenetic analysis of cagA
	Statistical analysis

	Results
	Prevalence of H. pylori vacA genotypes in gastro-duodenal and hepatobiliary diseases
	Prevalence of H. pylori cagA genotypes in gastro-duodenal and hepatobiliary diseases
	Phylogenetic analysis of H. pylori cagA Western type detected in gastro-duodenal and hepatobiliary diseases

	Discussion
	Conclusions
	Acknowledgements
	References
	Corresponding author


