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Examination of Geographical, Clinical and Intrahost Variations in the
3" Repeat Region of CagA Gene in Helicobacter pylori

The size variation of the cytoxin-associated protein (cagA), which is dependent on
the 3’ repeat region (3'RR) of the cagA gene, is known to play a crucial role in the
pathogenesis of Helicobacter pylori infection. The present study evaluated the rela-
tionship between the 3'RR variation and the geographic distribution, clinical mani-
festations, and locations of colonization in the stomach. We evaluated the 3'RR of
H. pylori isolates from 78 patients with gastric cancer, peptic ulcer, and non-ulcer
dyspepsia from Japan, Hong Kong, India, and the United States and assessed the
variations of 3'RR according to the geographical and clinical characteristics. Sixty
eight (87.2%) patients had the same 650 bp band without geographical differences.
The frequency of polymorphisms in the 3'RR did not differ when compared to the
clinical manifestations (P=0.868). The length of 3'RR did not differ by location of
colonization. In conclusion, the 3'RR variation of cagA gene is not associated with
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INTRODUCTION

Helicobacter pylori, commonly colonizes the human stomach,
and plays a crucial role in the pathogenesis of peptic ulcer
disease, gastric cancer and gastric mucosa-associated lym-
phoid tissue (MALT) lymphoma (1-7). Although many stud-
ies have been performed on H. pylori, the pathogenesis of H.
pylori infection has not been determined. However, several
factors such as the vacuolating cytotoxin (vacA) and the cyto-
toxin-associated protein (cagA) have been implicated in H.
pylovi virulence (1-10). The cryptic gene czgA, not present
in all H. pylori isolates, is a marker for H. pylori isolates with
enhanced interaction with epithelial cells; it encodes a high-
ly immunogenic, variably sized czgA protein (120-140 kDa)
(3). The size variation, of the czgA protein, has been correlat-
ed with the presence of several repeat sequences located in
the 3" region of the repeat reading frame (9). Sequencing of
the czgA gene has revealed that the 3" repeat region (3'RR)
has a variable fragment length due to internal duplication
(3, 6, 11). Although the biological function of 3'RR is not
known, 3'RR is thought to escape immunity by generation
of either antigenic diversity or immunodominant nonprotec-
tive epitopes (3, 6, 10). Prior studies have indicated that some
repetitive types of 3'RR are related to gastric histological
changes. And recent genetic analysis has revealed that the

the geographical and clinical characteristics of the patients studied.
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length of the 3'RR is associated with gastric disease, such as
peptic ulcer, gastric atrophy and cancer (12, 13). However,
it is not clear whether variations of the 3'RR are responsible
for certain clinical outcomes, changes in the gastric environ-
ment or whether the variation of the 3'RR on agA is relat-
ed to geographic differences. Therefore, the aim of this study
was to determine whether the 3'RR variations are related to
geographic or clinical manifestations, and whether the varia-
tions occur in the same isolates colonizing different locations
of the stomach.

MATERIALS AND METHODS
Study subjects

We examined 78 patients from four countries; 25 Asian
patients from Hong Kong (9 patients with duodenal ulcer
[DU], 8 patients with gastric cancer [GC] and 8 patients with
non-ulcer dyspepsia [NUD]), 17 white patients from the USA
(7 patients with DU and 10 patients with NUD), 8 Indian
patients from India (8 patients with NUD), and 28 Asian
patients from Japan (16 patients with DU, 6 patients with
GC and 6 patients with NUD). Biopsies were taken from
the gastric cardia, body and antrum in the patients from the
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USA and India. Biopsies were obtained from the gastric an-
trum in the patients from the other countries. The present
study was approved by the institutional review board at Kyung-
pook National University Hospital and informed consent
regarding the study and any invasive procedures was obtained
from all the patients.

Growth of H. pylori and DNA isolation

The biopsy specimens were cultured on Trypticase soy agar
plates containing 5% sheep’s blood (BBL Microbiology Sys-
tems, Cockeysville, MD, USA) at 37°C in ambient air con-
taining 5% CO: for at least 5 days under microaerobic con-
ditions (Campy-pak systems; BBL, Cockeysville, MD, USA).
For growth in the liquid culture, Brucella broth containing
10% FBS supplemented with 50 mM potassium phosphate
buffer was inoculated with H. pylori cells harvested from 48
hr Trypticase soy agar/sheep’s blood plates and inoculated for
24 hrat 37°C ina 5% CO: atmosphere. After 24 hr incuba-
tion, the organisms were identified as H. pylori on the basis
of Gram stain morphology, colony morphology and positive
urease, catalase and oxidase activities.

Preparation of genomic DNA

Chromosomal DNA was prepared from the cells of each
isolate after 48 hr of growth on two agar plates; the genomic
DNA from the cultures of the isolates was extracted by guani-
dine thiocyanate (GES, EDTA and sarkosyl), chloroform ex-
traction and isopropanol precipitation. The polymerase chain
reaction (PCR) and sequencing was performed with sets of
oligonucleotide primers shown in Table 1. The primers were
designed based on the known azgA sequences of H. pylori strain
84-183 (Genbank accession number 211714) (Fig. 1). Because
diverse isolates were expected in various races from geographic
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Fig. 1. Location of primers used for assessment of cagA 3 repeat
region.

Table 1. Primers for 3’ repeat region of cagA
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diversity, primers for czg3/4 and cg5/6 were used different-
ly. The czg5/6 primers had a broader range than the czg3/4
among these geographically diverse isolates. The PCR reac-
tion was performed with 10 mM Tris/HCI (pH 8.3), 1.5 mM
MgClz, 200 uM (each) deoxynucleotides, 2 U of Ampli taq
polymer, and 1 ng of chromosomal DNA from isolates used
as template. The PCR cycling conditions were 35 cycles con-
sisting of 1 min at 95°C, 1 minat 50°C and 1 minat 72°C.
The final cycle included a 7 min extension step to ensure full
extension of the PCR product. After purification of the PCR
products, using the QlAquick PCR purification kit (Qiagen,
Valencia, CA, USA), they were sequenced by an automated
sequencer. Primers 5/6 were used to sequence both strands of
the DNA fragments. Sequence analysis was performed using
the sequencer 3.0 program (Sequencher 3.0, GeneCodes, Ann
Arbor, MI, USA). Chromosomal DNA was prepared from
bacteria harvested after 48 hr of growth on the Trypticase soy
agar. The DNA concentrations were measured by fluorime-
try (Dyna Quant 200, Hoefer, San Francisco, CA, USA); 100
ng was used as template for the RAPD-PCR. The primers
1254 (CCGCAGCCAA) and 1281 (AACGCGCAAC) were
used, and the results were analyzed by gel electrophoresis as
described previously (14).

RESULTS
Geographical relationship with 3'RR of cagA

Seventy eight patients from four countries were examined
using two primer sets to amplify the 3'RR of czgA from H.
pylori isolates taken from gastic antrum (Table 2). Overall,
68 (87.2%) patients had a 650 bp band, eight patients had
bands from 50 to 100 bp or greater, and two had bands 50
bp to 100 bp or shorter. Twenty four out of 25 patients from
Hong Kong, and 13 of 17 patients from the USA had the
650 bp band; 8 Indian patients and 23 Japanese patients had
the same bands. These results suggest that variation of the
3'RR of azgA gene was not related to geographical differences
(P=0.289).

Relationship with clinical outcome

In patients with peptic ulcer disease, 28 out of 32 patients
had a 650 bp band, one had a 100 bp shorter band, and three

Primer Nucleotide o ) . Expected
- It .
designation position Sequence (5-3) Orientation product size (bp)
Cag3 3609-3627 GGAACCCTAGRCGGTAATG F 550
Cag4 4147-4156 CGATAGACAAGCTCAAAGAT R
Cagb 3612-3632 ACCCTAGTCGGTAATGGGTTA F 650
Cagb 4233-4250 GCGAAACTAGACAATTAC R
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had bands from 50 to 100 bp greater. Among the patients
with gastric cancer, 12 of 14 had a 650 bp, and two had a
750 bp band. Twenty eight out of 32 patients with non-ulcer
dyspepsia had a 650 bp band, one had a 550 bp band and
three had bands from 50 to 100 bp or greater. There was lit-
tle variation in the frequency (12.5% vs. 14.3%, P=0.868)
of polymorphisms. Some of the isolates from the three differ-
ent clinical diseases showed not only shorter but also larger
products. Therefore, clinical differences did not appear to
affect the 3" RR of the czgA gene.

Intrahost variation of the 3'RR of cagA

Isolates of H. pylori were identified from culture taken from
the gastric cardia, body and antrum of the patients from India
and the USA (Table 3). Among total 31 isolates from 13
patients, all 19 isolates from 8 Indian patients had a 650 bp

Table 2. Variation in the 3’ repeat region of cagA

Number Number of patients by size of product

Diagno-
Country S of 550 600 650 700 750
patients bp bp bp bp bp
Hong Kong DU 9 9
GC 8 7 1
NUD 8 8
USA DU 7 6 1
NUD 10 1 7 1 1
India NUD 8 8
Japan DU 16 13 1
GC 6 1 5 1 1
NUD 6 5 1
Total 78 1 1 68 2 6

DU, duodenal ulcer; GC, gastric cancer; NUD, non-ulcer dyspepsia.

Fig. 2. PCR of 3’ repeat region of 84-183 and 147 strain’s cagA
gene by primer cag3/4. 84-183 strains show 50 bp differences
and 147 strain from different location of same stomach show 100
bp differences.
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band, and the 11 isolates from 5 patients from the USA had
a 650 bp bands and one isolate had a 550 bp band. In two
isolates from one patient (147 strain), the antral isolates (147
antral strain) had a 550 bp band and the cardia isolates (147
cardia strain) had a 650 bp bands (Fig. 2). To confirm whether
the two strains with differences in the 3 RR were the same,
RAPD-PCR was performed for fingerprinting. The RAPD-
PCR showed an identical profile in the antral and cardia iso-
lates (Fig. 3). These findings indicated that they were clonal
variants of one another. The study of single colonies from the
antrum and cardia, with the primer zg3/4 set, showed that
the three antral isolates had a 550 bp band, whereas the five
cardia isolates had a 650 bp band (Fig. 4).

Genetic analysis

The genetic analysis showed that the cardia isolate was
characterized by two repeats of a 15 bp sequence (R1, EPTYA)

Table 3. PCR for cagA 3'RR among multiple isolates from dif-
ferent gastric locations from the same patients

Number Number of isolates by size of

Qlinical Number of iso- 3'RR PCR product
Country  diagno-  of
ss patients |2 550 600 650 700

tested bp bp bp bp

India NUD 8 19 19
USA DU 1 2 2
NUD 4 10 1 9
Total 13 31 1 30 0

DU, duodenal ulcer; NUD, non-ulcer dyspepsia.

Primer 1251

Primer 1281

Fig. 3. RAPD-PCR, using primers 1254 and 1281, of antral and
cardia isolates from patient 147. Strain 26695 and H.O are con-
trols. The two isolates have the same profiles indicating that they
are the same strain.
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and by a 42 bp region (R2, KVNKKKYGVQVASLE) locat-
ed between the two R1 repeats, and a 147 bp segment (R3,
QVAKKVKAKIDRLDQIASGLGDVGQAANFLLKRH-
DKVDDLSKVGRSVSP) was immediately followed by ano-
ther R1 sequence (Fig. 5). In R3, downstream of the 3’'RR
region, we found a 43 bp sequence that was a direct repeat
of the same sequence (R4, LKRHDKVDDLSKVG). The
3'RR sequence analysis of the antral isolate showed a 100
bp defect in the distal part of 3’'RR compared to the cardia
isolate. The deletion was at the distal part of the 3'RR from
the inner portion of R4 and R3 to before the start of R4 at
the distal of 3'RR.

DISCUSSION

The CagA gene is a putative marker of virulence; its spe-
cific function is unknown (15, 16). PCR has demonstrated
size variation of the azgA gene in various H. pylori isolates (3,
6, 11). This is consistent with the size heterogeneity of azgA
detected by immunoblot in recent studies (3, 17, 18). The

Cardia
f

Antrum

Ladder

h |

Fig. 4. PCR of 8 isolates from antrum (lanes a-c) and cardia (lanes
d-h) of patient 147 using primers cag3 and cag4. All 3 antral iso-
lates showed products shorter than the cardia isolates.
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sequence analysis and Southern blotting has shown that the
cagA gene contains several repeat sequences in the 3'RR. Dif-
ferences in this region have been suggested to generate pro-
teins with different sizes and immunogenicity (10, 16, 19,
20). We evaluated whether the variability in the fragment
length of the 3" region of czgA was associated with geograph-
ical and clinical differences, and whether the variations occur
in the same isolates colonizing different locations of the stom-
ach. The results of this study showed about 87% (68/78) of
all isolates from four countries had the same PCR product
size; the variable sizes of 10 other isolates were scattered even-
ly without significant differences observed between the West-
ern and Asian isolates. This finding is consistent with prior
reports from Western studies (7, 9, 10, 13, 21). Most of the
isolates from the three Western and two Asian countries had
almost the same size of the 3’'RR. Therefore, geographical
differences in the 3'RR appear to be very rare.

Although the molecular size appears to be stable, some
sequence differences have been identified in Western and
Asian isolates without a molecular size change (10). Several
studies have reported that the size variation, in the 3'RR of
the czgA gene, was associated with specific H. pylori-related
gastric disease; the larger size variations were associated with
gastric carcinoma and atrophy (9, 10, 22). One African study
showed that the length of this region was shorter in isolates
from patients with peptic ulcer disease compared to patients
with gastritis alone; in addition, the fragment length was
longer in isolates from patients with gastric cancer compared
to the patients with peptic ulcer or gastritis (21). Another
study showed that the longer czgA sizes were found in acid
sensitive isolates, which was thought to reflect a strong selec-
tive pressure on the isolates that colonize the host to enhance
the development of gastritis (23).

However, the results of our study differ from these prior
studies. We found that the length of the 3'RR, from almost
all isolates from three different clinical diseases was very sim-
ilar, and that 10 of the isolates from each of the three differ-
ent diseases had both shorter and longer lengths. These results
suggest that the length of the 3'RR was not associated with

R R2 R R3 R R4
EPIYA | KVNKKKYGQVASLE EPIYT | QVAKKVKAKIDRLDQIASGLGDVGQAANFLLKRHDKVDDLSKVGRSVSP EPIYA}_‘LKHHD(\/DDLSK\/G }_
A / R4 \ TTTGAAAAGACATGATAAAGT TGATGATCTCAGTAAGGTAGGGC
TTTGAAAAGACATGATAAAGTTGATGATCTCAGTAAGGTAGGGC
—r| re |ri] R3 ) | [r
B ) ] Fig. 5. Primary structure of the cagA 3’
———————————————————— repeat region of the isolates from USA
_| Rt | R2 | R1 | R3 |_______§q?'_e§'9[‘)_ _____ patient 147. (A) cardia strain, (B) antral
strain. In the genetic analysis, the antral
strain showed a 100 bp defect in the cagA
3’ repeat region. R3 and downstream of
3’ repeat region have a directly repeated
—r| R |ni1] RR | m

same sequence (R4).
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the disease entities studied, duodenal ulcer, gastric cancer and
non-ulcer dyspepsia (20, 24, 25). The 10 isolates showed dif-
ferent molecular sizes, 8 had longer product sizes and 2 had
shorter ones. It is likely that the eight isolates with longer
cagA had additional internal repeats and the two isolates with
shorter czgA likely had deletions in the 3'RR.

In the czgA 3'RR study of multiple isolates from different
gastric locations, in the same patients, one of the two shorter
isolates was an antral isolate, from the cardia and antral iso-
lates of one patient from the USA. The sequence analysis
showed that the antral isolates had about a 100 bp deletion
in the 3’'RR compared to the same cardia isolate. This ex-
plains why the antral isolate was 100 bp-shorter compared
to the cardia isolate, and supports our suggestion that the iso-
lates with smaller size PCR products compared to the others,
had a deletion in the 3'RR. Our study findings also showed
that variation occurs in the same isolates colonizing different
locations of the stomach without correlation to the clinical
findings and the geographic differences.

The results of this study also showed that the 3'RR from
the antral isolate, an area of high acidity, was shorter than the
isolates from the cardia. This is consistent with other studies
that reported that the length of isolates from peptic ulcer dis-
ease with high acidity was shorter than from atrophic gastri-
tis or gastric cancer (9, 10, 22).

In conclusion, the results of present study indicate that the
length of the 3'RR is not associated with clinical findings or
geographic variations. However, there could be many viru-
lent factors of H. pylori and host factors for various gastroin-
testinal diseases, and biologic activity of czgA protein should
be taken into consideration for further study.
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