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Abstract

AIM: To investigate genetic diversity of Helicobacter
pyilori (H. pylori) cell division-related gene A (cdrA) and
its effect on the host response.

METHODS: Inactivation of H. pylori cdrA, which is
involved in cell division and morphological elonga-
tion, has a role in chronic persistent infections. Ge-
netic property of H. pylori cdrA was evaluated using
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polymerase chain reaction and sequencing in 128 (77
American and 51 Japanese) clinical isolates obtained
from 48 and 51 patients, respectively. Enzyme-linked
immunosorbent assay was performed to measure in-
terleukin-8 (IL-8) secretion with gastric biopsy speci-
mens obtained from American patients colonized with
cdrA-positive or -negative strains and AGS cells co-
cultured with wild-type HPK5 (cdrA-positive) or its de-
rivative HPKT510 (cdrA-disruptant). Furthermore, the
cytotoxin-associated gene A (cagA) status (transloca-
tion and phosphorylation) and kinetics of transcription
factors [nuclear factor-kappa B (NF-«xB) and inhibition
kappa B] were investigated in AGS cells co-cultured
with HPK5, HPKT510 and its derivative HPK5CA (cagA-
disruptant) by western blotting analysis with immuno-
precipitation.

RESULTS: Genetic diversity of the H. pylori cdrA gene
demonstrated that the cadrA status segregated into two
categories including four allele types, carA-positive (al-
lele types; I and II') and cdrd-negative (allele types; 1l
and IV) categories, respectively. Almost all Japanese
isolates were carA-positive (1: 7.8% and II: 90.2%),
whereas 16.9% of American isolates were cdrA-pos-
itive (II) and 83.1% were cdrA-negative (II: 37.7%
and IV: 45.5%), indicating extended diversity of car4
in individual American isolates. Comparison of each
isolate from different regions (antrum and corpus) in
the stomach of 29 Americans revealed that carA status
was identical in both isolates from different regions in
17 cases. However, 12 cases had a different car4 al-
lele and 6 of them exhibited a different ca/4 category
between two regions in the stomach. Furthermore, in
5 of the 6 cases possessing a different carA category,
cdrA-negative isolate existed in the corpus, suggesting
that cdr4-negative strain is more adaptable to coloni-
zation in the corpus. IL-8 secretions from AGS revealed
that IL-8 levels induced by a cdarA-disrupted HPKT510
was significantly lower (P < 0.01) compared to wild-
type HPK5: corresponding to 50%-60% of those of
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wild-type HPK5. These data coincided with /n vivo data
that an average value of IL-8 in biopsy specimens from
cdrA-positive and cdrA-negative groups was 215.6 and
135.9 pg/mL, respectively. Western blotting analysis
documented that HPKT510 had no effect on CagA
translocation and phosphorylation, however, nuclear
accumulation of NF-xB was lower by HPKT510 com-
pared to HPKS5.

CONCLUSION: Colonization by a cdrA-negative or
cdrA-dysfunctional strain resulted in decreased IL-8
production and repression of NF-xB, and hence, atten-
uate the host immunity leading to persistent infection.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Helicobacter pylori (H. pylori), a Gram-negative spiral bacte-
rium, colonizes the human stomach and causes chronic
inflammation, which may progress to peptic ulceration,
atrophic gastritis and gastric cancer'. Although the
H. pylori population structure appears to be clonal over
short periods of time, isolates obtained from different
individuals exhibit substantial genetic diversity, consistent
with extensive recombination and a panmictic popula-
tion structure” ). Putative mechanisms for the generation
of diversity within H. pylori include frequent horizontal
genetic exchange among strains and a high level of spon-
taneous mutation occurring over a long evolutionary
time period within a highly restricted niche!”.

Infection by cytotoxin-associated gene A (cagA)-pos-
itive H. pylori is a known risk factor for the development
of gastroduodenal disease due to major changes in cel-
lular morphology and the release of molecules, including
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cytokines, from the gastric epithelium. H. pylori infection
up-regulates secretion of various inflammatory cyto-
kines, including interleukin (IL)-1, IL-6, 1L-8 and tumor
necrosis factor o, and contributes to the pronounced
inflammatory responsem. IL-8 production induced by H.
Pylori in vitro and in vivo is recognized as a host response to
microbes"™'", but the role of CagA on IL-8 production
is less clear!™. T1-8 is a potent pro-inflammatory cytokine
which regulates neutrophil infiltration of gastric mucosa
in H. pylori gastritis and is released through the signaling
pathway concerning nuclear factor-kappa B (NF-kB),
which includes extracellular signal-regulated kinase (ERK)
activityllz’13] and mitogen-activated protein kinase!"".
Among the strongest transcriptional regulators of H.
pylori-induced cytokine expression is the NF-kB family of
transcription factors!™. Activation of NF-xB can affect
the expression of several hundred genes, and activation
of its signal transduction pathway occurs in response to a
wide range of stimuli and results in nuclear accumulation
of NF-kB transcription factors, causing changes in the
expression of target genes involved in innate and adaptive
immunity, and inflammation.

We described previously that the H. pylori cell divi-
sion-related gene A (¢dr-) not only has a repressive role
on cell division but is also involved in cell elongation and
cell death iz cell wall synthesis at the division site!"*'",
The cdrA-distupted mutant HPKT510 was able to sut-
vive for the long-term in liquid medium, even under se-
rum-free and aerobic conditions, and was more resistant
to bactericidal of beta-lactam antibiotics than the wild-
type HPK5", Inactivation of ¢drA during infection in
the stomach may have contributed to ensuring persistent
infection by altering its ability to adapt to the microenvi-
ronment. In fact, the ¢4 gene was found to be absent
in 3 out of 4 colonies recovered from a mouse infected
with H. pylori strain B128"". Furthermore, additional
isolates of the sequenced H. pylori strain J99 from a pa-
tient after a 6-year interval were subjected to microarray
analysis, which indicated that the ¢4 gene was missing
in additional isolates"”. Thus, we hypothesize that a loss
of ¢drA in H. pylori during infection might be an evolu-
tionary event to alter its biological characteristics, which
affects the host immune response to the microbes and
promotes persistent infection.

In this study, the level of 11.-8 secretion induced by a
¢drA-negative strain was approximately 50% lower than
those induced by a cdrA-positive strain 7 vitro and in vivo.
Genetic diversity of ¢drA was extended in American iso-
lates and ¢dr--negative isolates might be more adaptable
to colonize in the corpus. Western blotting analysis doc-
umented that the CagA status at the point of its trans-
location and phosphorylation was not different between
HPKS5 and HPKT510 strains. However, expression of
NF-kB was lower in HPKT510 than that in HPKS5,
indicating that H. pylor/ with inactivation of ¢dr4 might
escape from rigorous immune clearance and facilitate
chronic persistent infection caused by decreased levels
of 11.-8 and nuclear accumulation of NF-kB.
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MATERIALS AND METHODS

Bacterial strains and growth conditions

Wild-type H. pylori HPK5 and its derivatives such as
HPKT510, a ¢drA-disrupted mutant carrying xy/E-Kw
cassette !, and HPK5CA, a cagA-disrupted mutant car-
rying xy/E-Km cassette”™] were cultivated in Brucella
broth (Becton Dickinson, United States) supplemented
with 10% horse serum at 37 'C in an atmosphere con-
taining 10% COz2 as previously described™. Bacteria
grown in 10 mL of Brucella-serum medium in 100-mL
conical flasks following sub-culture were subjected to
co-culture with AGS cells. Bacterial growth was mea-
sured by determining absorbance at 600 nm (Aso0) with
a spectrophotometer (GENEQUANT pro, Amersham
Pharmacia Biotech), and colony forming units were
determined for bacterial viability. Additional clinical
isolates, 77 American and 51 Japanese isolates endo-
scopically obtained from 48 and 51 patients, respectively,
were cultured on Brucella-serum agar at 37 C in an at-
mosphere containing 10% COz. Isolates from different
regions in the stomach, such as the antrum and corpus,
were also included in 29 of 77 American isolates. The
bacterial genomic DNA extracted by a DNA kit (Qiagen,
Tokyo, Japan) according to the manufacturer’s instruc-
tions were subjected to polymerase chain reaction (PCR)
with specific primer pairs to examine ¢4 gene diversity.

AGS cell culture conditions

AGS cells (human gastric adenocarcinoma epithelial cell
line, CRL1739¢) were grown in RPMI 1640 + 7 medium
including streptomycin (20 pg/mL) and kanamycin (60
ng/mlL) (Nikken bio medical Laboratory, Japan) supple-
mented with 10% (v/v) heat-inactivated fetal bovine
serum (Biowest, France) at 37 ‘C in an atmosphere con-
taining 5% CO2. AGS cells were seeded ata density of 0.5
% 10° cells in six-well plates (SUMITOMO BAKELIFE,
Japan) and grown to about 80% confluence prior to co-
culture experiments.

Co-culture of AGS cells with H. pylori strains
Subconfluent AGS cells (1 x 10 cultured in RPMI
1640 + 7 medium supplemented with 10% serum were
washed twice by phosphate-buffered saline (PBS) and
subsequently cultured with or without each H. pylori
strain (HPK5, HPK'T510 and HPK5CA) at a multiplicity
of infection (MOI) of 150 or 300 in 1.5 ml. of RPMI
1640 medium (Gibco BRL, Eggenstein, Germany) alone
for 48 h at 37 C in an atmosphere containing 10% COx.
The supernatant was collected at various times (3-48 h),
centrifuged at 7000 r/min for 5 min to pellet bacteria
and AGS cells, and subjected to sandwich enzyme-linked
immunosorbent assay (ELISA) to measure 1L.-8 produc-
tions. AGS cells after co-culture were collected at the ap-
propriate time and used in the following analyses.

Preparation of whole-cell and nuclear extracts
AGS cells were washed five times in ice-cold PBS, incu-
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bated with lysis buffer containing 50 mmol/L. NaCl, 1
mmol/L EDTA, 1 mmol/L NaF, 100 umol/L sodium
orthovanadate, 10 umol/L phenylmethylsulfonyl fluoride
(PMSF) and a commercially available protease inhibitor
mixture tablet (Complete, Roche Molecular biochemical,
Indianapolis, IN), harvested by scraping and transferred
to a microcentrifuge tube. Debris was removed by cen-
trifugation at 10 000 g for 10 min (TOMY MRX-150)
to collect the total proteins for whole-cell extracts.
Nuclear proteins were prepared by Cellytic Nu-CLEAR
Extraction Kit (SIGMA, Japan) according to a previous
reportm]. Briefly, AGS cells were incubated with lysis buf-
fer (10 mmol/L Hepes, pH 7.9, 1.5 mmol/L. MgClz, 10
mmol/L KCl, 1 mmol/L DTT and 0.25 mmol/L PMSF)
on ice for 15 min. The pellet precipitated containing
nuclei following centrifugation for 30 s at 10 000 g was
resuspended in 100 pL extraction buffer (20 mmol/L
Hepes, pH 7.9, 1.5 mmol/L MgClz, 0.42 mol/I. NaCl, 0.2
mmol/L EDTA, 25% glycerol, 1 mmol/L. DTT and 0.25
mmol/L. PMSF) for 30 min at 4 ‘C with agitation. After
centrifuging for 5 min at 20 000 g, the supernatant (nuclear
fraction) was collected for nuclear extracts.

Immunoprecipitation

One milligram of the lysate proteins was incubated with
polyclonal rabbit anti-H. pylori CagA antibody (Austral
Biologicals, CA, United States) for 1 h at 4 C, followed
by an overnight incubation with a 20 pl. aliquot of Pro-
tein G Plus-agarose beads (Santa Cruz, United States) at
4 °C, as previously described™. Briefly, the beads were
washed with lysis buffer and boiled for 10 min in 2 X
electrophoresis sample buffer (50 mmol/L Tris (pH 6.8),
10% sodium dodecyl sulfate, 12% 2-mercaptoethanol,
20% (wt/vol) glycine and 1% (v/v) bromophenol blue)
to elute the immunoprecipitated proteins.

Western blotting analysis

For detection of CagA and its phosphorylation, equivalent
amounts of the immunoprecipitated proteins (100 pg) were
resolved by 5% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). Proteins were electro-
transferred onto nitrocellulose membranes (Millipore
Corporation, United States) by a semidry blotting appara-
tus KS-8460 (System Instruments Co., Ltd. Tokyo). The
blots were blocked overnight with 4% (wt/vol) dried
skim milk in Tris-buffered saline with Tween 20 at room
temperature and then incubated with monoclonal anti-
body PY99 (diluted 1/1000; Santa Cruz, United States)
for 1 h and anti-mouse IgG peroxidase-linked species-
specific whole secondary antibody (diluted 1/1000; GE
Healthcare Biosciences, Co. Ltd., United Kingdom)
for 1 h to detect phosphorylated tyrosine protein. Im-
munodetection was performed by enhanced chemilu-
minescence Plus Western Blotting Detection Reagents
(GE Healthcare Biosciences). Next, blots were stripped,
reprobed with a specific polyclonal rabbit anti-H. pylori
CagA antbody (diluted 1/1000; Austral Biologicals. CA,
United States) and incubated with a horseradish perox-
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Figure 1 Location of primers used for cell division-related gene A in the region downstream of the urease gene cluster of Helicobacter pylori HPKS. Ar-
rows above and below the map depict the direction of transcription and primers, respectively. The open reading frames (HP0063 to HP0067) are shown based on

strain 26695.

idase-conjugated goat anti-rabbit secondary antibody
(diluted 1/10 000; Jackson ImmunoResearch, PA, United
States)””. Each 10 pg of nuclear and total proteins was
subjected to 12% SDS-PAGE for detection of NF-kB
and inhibition kappa B (IxB), respectively. Procedures of
western blot analysis were followed as described above.
Rabbit anti-human-NF-kB (p65) (diluted 1/200; Cell Sig-
naling Technology, United States) and rabbit anti-human-
IxB antibodies (diluted 1/200; Santa Cruz Biotechnology
Inc, United States), and an anti-rabbit IgG antibody-HRP
(diluted 1/2000; Santa Cruz Biotechnology Inc, United
States) were used as primary and secondary antibodies,
respectively. For a standard control, a rabbit anti-human-
ERK2 antibody (diluted 1/200; Santa Cruz Biotech-
nology Inc, United States) was used to detect unphos-
phorylated ERK2 to confirm equal protein load™. The
analyses were performed for least three independent
experiments.

Measurement of IL-8 secretion from AGS cells

The amount of I1.-8 secreted into culture medium af-
ter co-culture with H. pylori strains was determined by
ELISA using the CytoSets system (BioSource Interna-
tional) according to the manufacturer’s instructions. Fifty
pL aliquots of the supernatant was briefly centrifuged at
7000 r/min for 10 min to remove bacteria and AGS cells,
after which supernatants were added to an equal volume
of regent on the 96-well ELISA plate. The absorbance
of samples was measured at 550 nm using a 96-well
microplate reader (Multiskan JX verl.1, Thermo Labsys-
tems, Finland), and the data was expressed as pg/mL. All
samples were measured in triplicate in at least three inde-
pendent experiments.

Measurement of mucosal IL-8 secretion

Frozen gastric antral biopsy specimens from 25 clinical
patients infected with H. pylori were homogenized in 1 mL
of PBS, and supernatants obtained by centrifugation
were used for determination of IL-8 proteins by ELISA,
as described previouslyw. Cytokine concentrations in
homogenates were normalized in terms of total protein
concentration of the biopsy specimen and were ex-

pressed as pg/ml.

PCR for cdrA gene diversity

To compare the 7z vivo 11.-8 level in the biopsy speci-
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mens between the patients infected with ¢drA-positive
or -negative strains, PCR was utilized to examine the
¢drA status in clinical isolates. The genomic DNA of
clinical isolates, including 77 American and 51 Japanese
strains, were subjected to PCR with specific primers for
the ¢drA gene of the HPKS strain such as P1 (forward),
P3 (reverse) and P4 (forward), previously described"”.
Additional new primers, P9] (reverse), P3] (reverse) and
P4] (forward), based on the sequence of the ¢4 gene
of J99 strains, were also utilized in this study. The se-
quence of primer P1 was identical in strains, HPK5 and
J99. The conditions used for PCR to amplify the 194-bp
or 336-bp products in the central region of ¢drA4, which
is highly conserved among strains using P3-P4 or P3J-
P4] primer pairs, respectively, were as follows: pre-heat
for 2 min at 96 C, followed by 40 cycles of 96 C for
30 s, 55 °C for 30 s,and 72 C for 30 s. To amplify the
N-terminal region of ¢drA using P1-P3 or P1-P3] primer
pairs, PCR was performed with the following conditions:
pre-heat for 2 min at 96 C, followed by 40 cycles of
96 C for 30 s, 52 °C for 30 s,and 72 “C for 2.5 min. PCR
was carried out at least two times with all sets of primer
pairs, P1-P3, P1-P3], P3-P4 and P3]-P4]J, for determin-
ing the standing of the A gene. In particular, for the
strains representing no PCR product using various prim-
er pairs mentioned above, P9]-P4 or P9J-P4] primer pairs
were used to confirm the existence of the region from
central to C-terminal on ¢4 corresponding to flanking
the downstream region of urease gene cluster. The PCR
conditions were as follows: pre-heat for 2 min at 96 C,
followed by 40 cycles of 96 ‘C for 30 s, 55 C for 30 s,
and 72 °C for 1 min. The location of these primers used
for ¢drA amplification (Figure 1) and primer sequences
are shown (Table 1).

Statistical analysis

Fischer’s exact test and the ;52 test with Yates’ continuity
correction were applied using SPSS version 10.0 for Win-
dows to compare differences on the level of 1L-8 pro-
ductions induced by ¢drA-positive and -negative H. pylori
strains. P value of < 0.05 were considered significant.

RESULTS

IL-8 secretion from AGS cells
To determine the effect of host response to H. pylori
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Table 1 The sequence of primers used and the target region of cell division-related gene A amplified with combination of primers

Primers Sequence (57-3’) Reference Combination of primers Target region of cell division-related gene A
P1 (forward) TGAAGCACACGAAAGGA 17 P1-P3 N-terminal to central

P3 (reverse) CATGCTCTAAAATCGTCG 17 P1-P3J] N-terminal to central

P3J (reverse)  ATCACCACGATCAGTICTG This study P3-P4 Central

P4 (forward) TTTTGAGATCGGTGAAGC 17 P3J-P4] Central

P4] (forward) AACCACACGCTCATTTGC This study P4-P9J Central to C-terminal

P9J (reverse) ~ GCTGAAAGGCCTGAATTCAG  This study P4]-P9] Central to C-terminal

A AGS cells + carA-disrupted mutant HPKT510 (MOI of 300)

A AGS cells + carA-disrupted mutant HPKT510 (MOI of 150)

O AGS cells + wild-type HPK5 (MOI of 300)

B AGS cells + wild-type HPK5 (MOI of 150)
AGS cells

250 X

200
150

100

IL-8 (pg/mL)

w1
o

t/h

Figure 2 Interleukin-8 production from AGS cells induced by either wild-
type or cell division-related gene A-disrupted mutant strains. °P < 0.01.

AGS HPK5 HPKT510 HPK5CA
12 24 48 12 24 48 12 24 48 12 24 48

L b
o [N =

—_—

Figure 3 Cytotoxin-associated gene A status in AGS cells co-cultured
with or without Helicobacter pylori strains. The immunoprecipitated proteins
with anti-Helicobacter pylori (H. pylori) cytotoxin-associated gene A (CagA)
antibody (CagA-Ab) were subjected to Western blotting with CagA-Ab (upper)
and PY-99 antibody (PY99-Ab) (bottom), respectively. The assay was carried
out with strains at MOI of 150. HPK5: Wild-type; HPKT510: Cell division-related
gene A-disrupted mutant; HPK5CA: cagA-disrupted mutant.

during persistent infection in the human stomach, 7z vitro
levels of IL-8 production from AGS cells co-cultured
with HPK5 or HPKT510 strains were examined relative
to time (Figure 2). Both strains induced the secretion
of TL-8 from AGS cells and the levels increased time-
dependently, but HPKT510, the ¢drA-disrupted mutant,
showed significantly lower levels, corresponding to
50%-60% of levels induced by wild-type HPK5 at MOI
of 150 (P < 0.01). Furthermore, the levels of IL.-8 were
increased dose (MOI)-dependently by HPKS5, but not
HPKT510, which showed identical levels between MOI
of 150 and 300.

Western blotting for CagA

Ultrastructural analyses revealed that the HPKT510
strain had a slightly wider periplasmic space between the
inner and the outer membrane than that of HPK5'", To
determine whether such morphological difference af-
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12 h

510

Nuclear extract NF-icB i
(P65) |

IxB

Total extract :

Figure 4 Detection of nuclear factor kappa B (p65) (upper), inhibition
kappa B (middle) and extracellular signal-regulated kinase 2 (bottom) in
nuclear and total extracts, respectively at 3, 6 and 12 h after being co-
cultured with Helicobacter pylori. Unphosphorylated extracellular signal-
regulated kinase 2 (ERK2) was detected as the control in this study®’.
Molecular weights of nuclear factor kappa B (NF-kB), inhibition kappa B (IxB)
and ERK2 are 65, 35-37 and 42 kDa, respectively. The assay was carried out
with strains at a MOI of 150. AGS: AGS cells co-cultured without H. pylori;
HPK5: AGS cells co-cultured with wild-type HPK5; HPKT510: AGS cells co-
cultured with cdrA-disrupted mutant HPKT510.

fects translocation of CagA into AGS via type IV secre-
tory component system (T48S) and its phosphorylation,
which ate considered to be risk factor for development
of gastroduodenal disease, western blotting following
immunoprecipitation with anti-H. pylori CagA antibody
was carried out. CagA was detected in AGS cells co-
cultured with HPK5 or HPKT510 strains, but no CagA
was observed in AGS alone or when co-cultured with
a cagA-disrupted mutant, HPK5CA as a negative con-
trol (Figure 3). The intensities of each CagA band are
similar between both strains. Phosphorylation of CagA
was detected up to 24 h after co-culture with HPKS5 or
HPKT510 strains and had similar intensity, indicating
that there were no differences in the status of CagA be-
tween both strains.

Western blotting for NF-«B (p65) and IxB

To determine how the expression level of NF-xB tran-
scription factor affects the expression of many genes
involved in inflammation and immunities, western blot-
ting was carried out utilizing AGS cells co-cultured with
HPKS5 or HPKT510 strains for 3, 6 and 12 h. Overall,
NF-kB levels in the nuclear extracts from AGS cells with
HPKT510 were definitely lower compared to those with
HPKS5, whereas IxB levels in total extracts were found
to be higher in HPKT510 (Figure 4), indicating that ac-
tivation of NF-kB was relatively repressed in AGS cells
stimulated by H. pylori with disruption of ¢drA.
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Table 2 Helicobacter pylori cell division-related gene A sta-

tus (positive or negative) and genotype (allele type) in clini-
cal isolates 7 (%)

Table 3 Comparison of cell division-related gene A status
and genotype (allete type) between antrum and corpus iso-
lates in 29 American patients

H. pylori cdrA
Status Genotype United States (48 patients)' Japan (51 patients)

Positive Type I 0(0) 4(7.8)
Type II 13 (16.9) 46 (90.2)

Negative Type I 29 (37.7) 1(2.0)
Type IV 35 (45.4) 0(0)

Total 77 51

H. pylori cdrA: Helicobacter pylori cell division-related gene A. 'In 29 out
of 48 patients, each isolate was obtained from both antrum and corpus in
same stomach; “The total 77 isolates include 44 and 33 isolates obtained
from antrum and corpus, respectively.

Genetic diversity of H. pylori cdrA

To examine the ¢ status [category such as adrA-positive
and -negative, including 4 allele types (I to V)] in 128
clinical isolates, PCR was performed with appropriate
specific primer pairs. In a previous report, PCR with
P1-P3 yielded the 731 bp (short fragment) and approxi-
mately 2 kb (long fragment) in HPK5 and other three
strains examined respectively, demonstrating that the
shorter product of HPK5 was due to partial deletion
in the N-terminal region of ¢drA. However, cdrA was
functionally involved in cell division, morphology, long-
term survival and susceptibilities to beta-lactam and its
transcript could be detected"™”. On the other hand,
the 194-bp amplified in the central region of ¢drA was
detected in all strains, indicating that size diversity exists
within the N-terminal region of ¢4 among individual
strains' . In this study, 128 clinical isolates (77 American
and 51 Japanese) were subjected to PCR with N-terminal
primer pairs (P1-P3 and P1-P3J) which demonstrated
that the short fragment (allele type 1) was obtained in
only 4 Japanese isolates (7.8%) including HPK5 and
the long fragment (allele type II) was detected in 13
American (16.9%) and 46 Japanese (90.2%) isolates. In
addition, no product was observed in the 64 American
(83.1%) and 1 Japanese (2.0%) isolates by PCR with
central region primer pairs (P3-P4 and P3J-P4J). Of the
64 American isolates showing no amplification on the
central region, 35 isolates have no product amplified on
the C-terminal region with P9J-P4] and P9J-P4 pairs.
The results revealed that the downstream region of the
urease gene cluster, including ¢dr.A, was absent in the 35
isolates (allele type IV). However, PCR product on the
C-terminal region with P9J-P4] or P9J-P4 pairs was de-
tected in remaining 29 isolates, demonstrating that they
have partial ¢dr4 sequence loss between the N-terminal
and central regions (allele type IIl). Taken together, the
status of the a4 gene among individual isolates exam-
ined was divided into two categoties; ¢dr.A-positive includ-
ing allele types I (HPKS5) and II (J99 and 26695), and
cdrA-negative including allele types Il and IV (Table 2).

Comparison of cdrA status between antrum and corpus
The cdrA allele type of each isolate from the antrum and
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cdrA status' cdrA genetype (allele type)

Antrum (+)° Antrum Corpus
Corpus (+) Identical®: 1 Type I Type II
Difference: 5 Antrum (+) Difference:5 4 Type II Type III
Corpus (-) 1 Type II Type IV
Antrum (-) Identical: 16 5 Type Il Type IIl

cdrA positive Same™ 1

(6 cases)

cdrA negative Same: 22

(23 cases) Corpus (-) 11 Type IV Type IV
Difference: 1 Antrum (-) Difference:7 4 Type I Type IV
Corpus (+) 2 Type IV Type Il
1 Type IV Type II
Total (%) Same: 23 (79) Same: 17 (59)

Difference: 6 (21) Difference: 12 (41)

'The status of cell division-related gene A (cdrA) determined with isolate
from antrum was divided to two category groups (cdrA positive and nega-
tive); *Same or difference: cdrA status is same or difference between isolate
(antrum and corpus); 3+ cdrA positive isolate; -: cdrA negative isolate;
“Identical or difference: the genotypes of cdrA is identical or difference between
isolate (antrum and corpus). Bold denotes the 6 cases representing differ-
ences at cdrA status and genotype between isolates (antrum and corpus).

corpus in the stomach of 29 American patients demon-
strated that ¢drA allele between the regions was identical
in 17 patients (59%); however, 9 of the remaining 12
patients possessing a different allele had a isolate with
more loss of the ¢4 sequence in the corpus compared
to the antrum (Table 3). Regarding the status of ¢rA, 6
out of 29 patients had different ¢4 status between the
regions, and of which, 5 patients harbored ¢drA-positive
and -negative isolates in the antrum and corpus, respec-

tively (Table 3).

Measurement of mucosal IL-8 secretion

The ¢drA-disrupted mutant HPKT510 showed signifi-
cantly lower levels of 1L.-8 secretion ir vitro compared to
wild-type HPK5. To investigate whether cdrA is associ-
ated with I1.-8 production 7# vive, mucosal 1L.-8 secre-
tion of biopsy specimens was measured using samples
obtained from 20 American patients infected with edr1-
negative and 5 American patients with cdrA-positive H.
pylori. Measurement of 1L-8 in these specimens demon-
strated that the ¢drA-negative group exhibited lower I1.-8
levels than those of ¢drA-positive group. The average
value of I1.-8 in the edrA-negative group was 111 pg/
ml., corresponding to the average of 60% in the ¢drA-
positive group (156 pg/mL). This tendency was consist-
ed with 7 vitro data, revealing that ¢drA-negative H. pylori
does not induce 1L-8 secretion as strongly in the human
stomach as ¢dr.A-positive strains.

DISCUSSION

H. pylori colonizes more than half of the world’s popula-
tion. While it is clear that this organism induces a strong
innate and adaptive immune response leading to active
inflammation in the gastric mucosa, the ability of H.
pylori to establish persistent infection so efficiently has
not been fully elucidated. H. pylori possesses a number
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of virulence factors, and some, such as urease, flagella
and lipopolysaccharide (LPS), contribute to its persis-
527 Whereas others, such as CagA and vacuolating
cytotoxin, appear to confer increased virulence™”, Fur-
thermore, the strain-specific genes found outside of the
¢cag pathogenicity island, especially genes in the plasticity
regionspoJ and genes with vatiable structures/genotypes,
have considerable interest in their contribution to patho-
genesis and the host immune response. Nearly half of
the strain-specific genes of H. pylori are located in the
plasticity regions in strains 26695°" and J99™*. There
is evidence that genetic recombination among H. pylori
may occur during the course of infection in the stomach.
The diversity or phase variation in H. pylori genes such
as babA™ and fmTﬂZ(ﬂ likely contributes to the evasion
of the host immune response and thereby has a role in
the establishment of persistent infection in the stomach.
Based on the genomic information of the sequenced
H. pylori strains 26695 and ]99@, more than a third
of H. pylori genes have unknown function, suggesting
that there may be strain-specific genes such as otk A
involved in the mechanisms of persistence as well as the
host immune response.

One of unique genes found in the HPKS5 strain, ¢drA4
located in the downstream region of urease gene cluster,
has not only a inhibitory role for cell division, but is also
involved in elongation and death of cells via cell wall
synthesis at the site of division"*"". Furthermore, the
¢drA-disrupted mutant HPKT510 had a longer survival
time compared to the wild-type HPKS5 in both liquid
and solid media, as well as in serum-free medium and
aerobic conditions"?. Loss of the adrA gene during in-
fection is frequently found in a mouse infected with H.
pylori strain B128" and in the human stomach infected
with J99". The present study found that crA-negative
strains resulted in lower levels of IL-8 production i vi-
tro and in vivo compared to cdrA-positive strains. Iz vitro
data showed that increased IL-8 production was dose-
dependently observed by ¢drA-positive HPK5, but not
¢drA-disrupted HPKT510. In addition, nuclear accumu-
lation of NF-kB in AGS co-cultured with HPK'T510
was lower compared to HPKS5, suggesting that activation
of the NF-kB signaling pathway was relatively repressed
by stimulation of the ¢drA-negative strain, which coin-
cided with decreased I1.-8 production. These indicated
that cdrA-defective H. pylori may evade immune clearance
due to limiting bactericidal effects of pro-inflammatory
molecules leading to promotion for persistent infection,
likely via repression of the NF-kB signaling pathway.
Persistent infection was not observed in 11.-10-deficient

mice with strong inflammation, implying that attenuate
135]

tence

host immunity is necessary for H. pylori colonization
Accordingly, it is acceptable that H. pylori infection oc-
curred in the stomach with immature immunity during
infantile generation. The proper NF-kB transcriptional
response is primarily regulated by post-translational
modification of NF-xB signaling components. On the
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other hand, alternative splicing of NF-kB signaling com-
ponents is another way to control the NF-xB signaling
pathway[%’37]. Alternative splicing of some NF-xB signal-
ing components can be induced by prolonged exposure
to a NF-kB-activating signal, such as LPS, suggesting
a mechanism for negative feedback to dampen exces-
sive NF-kB signaling. In particular, alternative splicing
events in Toll/interleukin-1 NF-kB signaling pathways
via Toll like receptors can inhibit the NF-kB responsem].
This raises the possibility that changes in bacterial con-
stituents concerned with disruption of ¢drA, such as cell
envelope components including LPS, may exert on the
complicated NF-kB signaling pathway.

As HPKT510 had a slightly wider periplasmic
spacem, the effector protein, CagA, was investigated to
determine whether this morphological change altered
the function of T4SS. The CagA production, its trans-
location and phosphorylation were indistinguishable
between HPK5 and HPKT510 strains, indicating that
such morphological differences related with inactivation
of ¢drA had no effect on CagA-associated pathogenic-
ity, including CagA-related signaling pathway and T4SS.
Cytoplasmic nucleotide-binding oligometization domain
(Nod) molecules, Nod1 and Nod2, have been shown to
be specific ligands of diaminopimelic acid-containing
muropeptides and muramyl dipeptide, respectively”™ ",
and were important components of the innate immune
response. A peptidoglycan-derived muropeptide pos-
sessing a Nodl motif was translocated through T4SS
and affected cell signaling #a activation of NF-kB in the
host cell, leading to the stimulation of an intracellular
pro-inflammatory response’*’. In terms of conserved
domains, part of HPK5 ¢4 belongs to the SM1-NRK4
family, beta glucan and cell wall synthesis enzyme family,
and another belongs to the SpollE-FtsK-ATPase fam-
ily. The properties of penicillin-binding proteins such
as PBP1, PBP2, PBP3 and PBP4 varied between HPK5
and HPKT510 strains'”, suggesting that an alteration
of such peptidoglycans influences the level of IL-8
production ziz the Nod1-NF-kB signaling pathway. In
fact, the measurement of nod7 transcript level in AGS by
real-time RT-PCR documented that HPKT510 induced
lower level of nodl transcript compared to HPKS5 (data
not shown), which supports the Nod1-NF-kB pathway
involved in the difference of II.-8 production.

The ¢drA status in almost all Japanese isolates were
¢cdrA-positive (98%), but not in isolates obtained from
Americans, demonstrating that American isolates had a
greater diversity and higher prevalence of ¢drA-negative
strains (83.1%). Evaluation of ¢drA status in isolates
obtained from different regions of the stomach revealed
that in 5 of the 6 cases possessing different status be-
tween the antrum and corpus of the stomach, the ¢drA-
negative isolate was from the corpus, suggesting that a
¢drA-negative strain might be more adaptable to colonize
in the corpus over a longer time period than the ¢drA4-
positive strain. A ¢drA-disrupted mutant could survive
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longer under the stresses, such as presence of beta-
lactam antibiotics, serum-free and aerobic conditions,

than the wild-type strain'"”, Tt is possible that changes in

biological behavior accompanied by inactivation of ¢drA
are necessary to stay balanced for the establishment of
long-term infection in the human stomach. When the
HPKS5 ¢drA sequence was compared to reference strain

26695, the cdrA sequence was a fusion of the ~130

codon hp0064 gene to the middle ~one third of the
hp0066 gene, with deletion of the interstitial hp0065
and first part of hp0066. A similar fusion is evident with
respect to the reference strain J99 (jhp0059 and jhp0061)

or HPAG1 (hpagl_0064 and hpagl_0067)". These two

reference strains might represent the majority class in the
Japanese population, which gave 2 kb instead of 730 bp
PCR products. In contrast, two other sequenced strains,

Shi470" and G27"Y seem to contain only the ~130

codon ORE, not the longer one, and thus might possibly
represent one of the major classes in the United States
population. The HPK5 type ¢4 stems from gene fu-
sion and synthesizes a partially defective protein that im-
pacts cell wall synthesis or structure and a greater release
of peptidoglycan fragments, which can be proinflamma-
tory through the Nod1-NF-xB pathway. More studies
are required in the future to dissect the mechanistic role
of ¢drA and the alteration of comprehensive genomix/
proteomix affected by inactivation of ¢rA. Analysis for
putative deletion alleles might actually provide us with
insights to eclucidate whether the phenomenon resulted
from such sources as large insertions or genome rear-
rangements.

In histological observation, as far the confined tissue

sections of small biopsy specimens were examined, no
significant finding was observed in the gastric mucosa
colonized with either ¢drA-positive ot ¢drA-negative H.
pylori strains. We may need more examinations in detail
with extended sections and specimens to confirm the
differences in histological findings, including inflamma-
tion with neutrophil infiltration.

We concluded that the presence of H. pylori cdrA was

associated with effective production of pro-inflamma-
tory cytokine, 1L.-8, both 7z vitro and in vive. Therefore,
cdrA-inactivated H. pylori strains may result in attenu-
ated host immunity and evade immune clearance due to
repression of the NF-xB signaling pathway in the host
cell, leading to persistent infection. Finally, our stud-
ies suggest that cdrA-negative H. pylori strains are more
likely to colonize in the corpus over long time periods
compared with ¢drA-positive strains.

COMMENTS

Background

Helicobacter pylori (H. pylori) infection up-regulates secretion of various inflam-
matory cytokines including interleukin-8 (IL-8), whose production in vitro and in
vivo is recognized as a host response to microbes. The levels of IL-8 produc-
tion differ among individual strains, suggesting the existence of unique genes
involved in host response and genetic diversity during infection in the stomach.
Furthermore, the effect of fundamental constituents belonging to cell division of
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H. pylori on host response is unclear.

Research frontiers

H. pylori infection and its persistence in the stomach is the most important event
to actually lead a variety of diseases. However, the functions and practices of
the cell division of strains colonized in an individual stomach remain unclear.
Furthermore, how the bacterial behaviors concerned with the host response is
still unknown. In this study, the authors demonstrate that H. pylori cell division-
related gene A (cdrA) required for cell division and morphological shape could
be a potential role for mediating IL-8 secretion.

Innovations and breakthroughs

Reports have highlighted the importance of H. pylori-host interaction to under-
stand host immunity and pathogenesis. Certain molecules, such as cytotoxin-
associated gene A (CagA) and outer membrane proteins, were shown to be
involved in these phenomena; however, the relationship between cell division-
and morphological shape-related molecules and host response associated with
persistent infection in the stomach is unknown. This is the first study to report
that cdrA influenced IL-8 secretion (vivo and vitro) and loss of cdrA may attenu-
ate the host immunity due to repression of NF-«kB, leading to persistence.

Applications

In this study, how H. pylori cdrA functions and influences bacterium-host
interaction was investigated, which provides insights into understanding bacte-
rial fundamental components and their effect on the stomach, including host
response, and a future strategy for therapeutic intervention in the treatment of
patients with H. pylori infection.

Terminology

H. pylori cdrA, one of the unique genes discovered in strain HPK5, has not only
a repressive role on cell division but is also involved in cell elongation and cell
death via cell wall synthesis (mainly penicillin binding proteins) at the division
site. The cdrA-disrupted mutant is able to survive for long time periods and is
more resistant to the bactericidal of beta-lactam antibiotics than the wild-type.
The cdrA gene tends to be lost during infection to facilitate adaption in the
stomach, resulting in a persistent infection.

Peer review

This interesting manuscript showed that the presence of H. pylori cdrA was
associated with the effective production of IL-8 compared to the inactivation of
cdrA in vitro and in vivo. Additionally, they observed that cdrA-inactivated H.
pylori strains may result in attenuated host immunity and evade immune clear-
ance due to repression of the NF-«xB pathway, leading to persistent infection.
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