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H. pylori has emerged as an important persistent bacterial pathogen during the past two decades. In
most infected individuals, H. pylori infection causes superficial chronic gastritis, which usually showed
clinical asymptomatic. During the long-term colonization, some proportions of infected people are at risk of
development into gastric and duodenal ulcers, while others may even proceed into gastric cancer or
lymphoma. The ability of the H. pylori to survive intracellularly within non-phagocytes and phagocytesis
postulated to enhance the persistence of this pathogen in the gastric mucosa and cause chronic inflammation.
H. pylori might induce macrophage inducible nitric oxide synthase (iNOS) expression. Nitric oxide (NO)
production plays an important role in the gastric mucosal immune response to H. pylori and the associated
inflammation. The expression of INOS isregulated in various cell types and can be enhanced by stimulating
the cells with bacterial lipopolysaccharide (LPS). In some pathogens, which the ability to evade macrophage
killing involves inducing rapid macrophage cell death. We and others have previously investigated the
molecular pathogenesis of VacA (vacuolating cytotoxin A) and CagA (cytotoxin-associated geneA) in gastric
epithelial cells. However, the molecular basis how H. pylori infect macrophages still remains largely unclear.
Our long-term goal isto investigate the infection processes of H. pylori into macrophages in detail, severd
virulence factors involved in bacteria pathogenesis will be studied. The specific aims are to: (i) study the
infection process of H. pylori in cultured macrophages, (ii) determine the role of CagA in suppressing
antimicrobial NO production, and (iii) investigate the role of lipid raftsin CagA-induced signaling in
macrophages. This proposal will include to detect inflammatory cytokines released by macrophages during H.
pylori infection and to determine the expression of intracellular moleculesinvolved in cell death. The
fundamental understanding of H. pylori-macrophage interactions will greatly facilitate the development of
new strategies to prevent bacterial persistent infection in clinical therapy.

Keywords: Helicobacter pylori, macrophages, nitric oxide, and lipid rafts
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1. The presence of babA2 and cagA in H. pylori clinical isolates

Helicobacter pylori isolates possess unusually high genetic heterogeneity and diversify between
geographic regions. Certain H. pylori genotypes are indicated to relate to severe gastrointestinal diseases. We
have been interested in the genetic studies of several virulence factors, particularly vacA, cagA, and babA2.
In our previous study, two virulence markers, cagA and babA2, were characterized by PCR in 101
Helicobacter pylori isolates from a population in Taiwan. cagA was detected in 99% of the isolates, while
babA2 was present in all of the isolates. Base deletions and substitutions at the forward babA2 primer
annealing sites were found (20).

2. Lower prevalence of H. pylori infection with vacAsla, cagA-positive, and babA2-positive genotype in
erosive reflux esophagitis disease

We have been interested in the correlation of H. pylori virulence factors (i.e vacA, cagA, and babA2) with
clinical outcomes. Increased preval ence of esophagitis has been recognized in the West. H. pylori infection,
particularly virulent strains, is proposed as a protective factor against the development of gastroesophageal
reflux disease. Analysis of these rel ationships shows that esophagitis occurred in a significantly lower rate
among H. pylori-positive patients with peptic ulcer than those without peptic ulcer. We found that cagA,
babA2, and vacAsla were detected in 100% of 143 isolates. This analysis suggests significantly lower
incidence of H. pylori infection with the triple-positive virulent genotype in patients with reflux esophagitis
in Taiwan (21).

3. The association of antibiotic resistance and higher internalization activity in resistant H. pylori isolates

The current recommended eradication therapies of H. pylori consist of a proton pump inhibitor,
clarithromycin and amoxicillin or metronidazole, twice daily for aweek straight. By use of these treatments,
some reports suggest that the cure rate is more than 90%. However, an eradication failure rate ranging from



20-40% is usualy found (8, 12, 13). We have been determined H. pylori primary resistance and its clinical
impact on the efficacy of two lansoprazole-based eradication triple therapies (LAC and LMC). The results
show that one-week LAC and LMC are similarly effective therapies. Clarithromycin resistance significantly
affected H. pylori eradication in both regimens (33).

A new mechanism of bacteria evading antibiotics treatments was addressed where in intracellular H.
pylori was inaccessible to antibiotics (26). Some reports have also shown that intracellular H. pylori could
survive in the cytoplasmic vacuoles (1, 3). Thisintra-vacuolar niche can potentially function as a sanctuary
and sustain the survival of bacteria. It is possible that invading into the cells and residing in the
multi-vesicular bodies may facilitate the survival of H. pylori during antibiotics treatment. To this end, we
have been working on characterization and comparison of the strainsisolated from the therapy cured and
failed patients before and after treatment. We have recently demonstrated that bacterial epithelial
internalization may facilitate the survival of H. pylori during antibiotics first-line therapy. Moreover, we have
characterized the antibiotic resistance of H. pylori clinical isolates from patients who failed in therapy before
and/or after therapy (19).
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Background and significance
Successful H. pylori infection in stomach

H. pylori wasfirst isolated in pure culture and shown to be associated with severe gastrointestinal
diseases in the 1980s (43, 44). H. pylori is aspiral-shaped Gram negative bacterium with polar flagellaand
with powerful urease activity (6). These features enable H. pylori to colonize in the gastric mucosa.
Subpopulation of bacteriawas thought to penetrate across the mucosal layer that covers and protects the
gastric epithelial cells (46). Persistent infection with H. pylori within human gastric mucosa usually causes
several types of gastrointestinal diseases. Recent researches have focused on how severa virulence factors of
H. pylori areinvovled in pathogenesis, developing into different clinical sequeleain a specific host niche.

H. pylori virulence factors in pathogenesis

H. pylori contains a set of virulence factors that can make it to survive, multiply, escape from immune
surveillance, and eventually cause damage in a special niche of cells. Although gastric mucosais well
protected against other bacterial infection, H. pylori is highly adapted to its ecological niche. These manners
that support the colonization and persistence of H. pylori in the gastric mucus comprise polar flagella, a
potent urease, adhesins BabA and SabA, and two major virulence factors CagA and VacA (Table 1).

Table 1. Functions of H. pylori virulence factors

Virulence factors Functions

BabA (blood group antigen-binding adhesin) (1) Bind to surface mucous cells and their
receptors of fucosylated Lewis b (Le")
(2) Associated with peptic ulcer and gastric

adenocarcinoma

VacA (vacuolating cytotoxin) (1) Induces apoptosis
(2) Involved in immunomodulation

(3) Colonization of mouse stomach

CagA (cytotoxin-associated gene) (1) Translocated into host cell by type IV
secretion apparatus encoded on cag-PAT
(2) Phosporylated in host cell

(3) Disrupts tight junctions

There are two outer membrane proteins for H. pylori adhering of cells, BabA2 (blood group
antigen-binding adhesin) (26) and SabA (sialic acid binding adhesion) (40), which bind to surface mucous
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cells and their receptors of fucosylated Lewis b (Le°) and sialyl-Lewis x (s-L€"), respectively. This promotes
H. pylori to adhere to the cells and enabl e the bacteriato efficiently use its secretion systems for delivery of
pathogenic mediators to modul ate the host. The vacuolating cytotoxin, VacA, is one of the magjor virulence
factors of H. pylori. VacA is secreted from the bacteriaand is found in the culture supernatant (39, 53), but
remains alarge portion on the bacterial surface (27). When H. pylori colonizing on cells, the bacterial
surface-contacted VacA transfers directly from bacteria to the host cells, subsequently followed by uptake and
intoxication. Recently, VacA was also reported to inhibit T cell proliferation, suggesting that H. pylori might
evade the adaptive immune response of host (20). Another major virulence factor of H. pylori isthe
cag-pathogenicity island (cag-PAl)-encoded type four secretion system (TFSS), which mediates the

trang ocation of CagA (cytotoxin-associated gene) into host cells (53, 65). After injection, CagA is
subsequently phosphorylated at one or more tyrosine phosphorylation motifs (EPI'YA) and induced host cell
pathogenesis. In summary, the above statements discuss the strategies used by H. pylori during persistent
infections, which allow them to colonize specific sites in the host, then evade immune surveillance, and
finally cause host chronic diseases.

Composition of lipid rafts and association of infectious microbes

The structure of lipid rafts is known to be stabilized in the cold in non-ionic detergents such as Triton
X-100 (9). After treatment of membrane with cold Triton X-100, insoluble components including lipids and
proteins remain in the form of detergent-resistant membrane (DRM), also called detergent-insoluble
glycolipid-enriched membrane (DIG), that were considered to be in the lipid rafts (67). Not only cholesterol
and phospholipids were consisted in the lipid rafts, but glycosylphosphotidylinositol (GPI) anchored proteins,
doule-acylated proteins, and palmitoylated proteins are abundant in rafts (8, 25). It is thought that cholesterol
existsin intact cell membranes between rafts and non-rafts phases. In the rafts, cholesterol serves as a spacer
for sphingolipids and functions as a dynamic glue that keeps the lipids and proteins assembly together (68).
After depletion of cholesterol by methyl-p-cyclodextrin (MBCD), raft-associated proteins and lipids can be
dissociated and rendered them nonfunctional (66).

Lipid rafts are not only a dynamic structure on cell membrane but also provide an amplified signaling
for the activation of the cells. Those are also known to invaginate the cell membrane and lead to endocytosis
mediated through different clathrin-coated internalization (54). Recent studies have demonstrated that lipid
rafts might serve as a platform for an entry portal of pathogens, including several bacteria (15, 23, 33),
viruses (41, 56), and prions (66). There are two possible advantages for pathogens entry through rafts. oneis
prevention of intracellular degradation, and the other istriggering of signaling that causes membrane fission
and cytoskel eton rearrangement, which are both required for entry of bacteria (42). Hence, pathogens might
favor interact to lipid rafts as a potential route to enter host cells.

The most interesting example of rafts as a bacterial entry portal is Shigella flexneri, which uses the
bacterial invasin IpaB interacting with the rafts-associated CD44 within specialized membrane microdomain
(33). Moreover, Shigella entry isimpaired after depletion of cholesterol by methyl-p-cyclodextrin (MBCD).
Type 1 fimbriated E. coli was aso found associated with caveolae and lipid raft components (15). Likewise,
bacterial invasion was inhibited by lipid raft disrupting or usurping agents. Some bacteria capitalize on an
amplified host inflammatory response by co-opting raft signaling. For instance, Pseudomonas aer uginosa,
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those rafts are platform for bacteria attack, but also for host counterattack (23).
Significance of H. pylori interaction with lipid rafts

As above described, lipid rafts are platforms of several bacterial toxins. VacA isreported to use lipid
rafts microdomains for its assembly on the cell membrane and intracellular delivery (60). Recent reports
revealed that depletion of membrane cholesterol significantly reduces the entry of VacA into target cells (31,
60, 64). Our previous study also indicated that GPI-anchor protein, fasciclin |, was required for
internalization of VacA, but did not affect the binding of VacA to lipid rafts (31). Another report also revea ed
that receptor-dependent translocation of VacA to lipid raftsis critical for signaling pathways leading to p38
MAP kinase/ATF-2 activation and vacuolation (50).

More recent report showed that H. pylori follows a cholesterol gradient and extracts the lipid from
cytoplasmic membranes of epithelial cells for subsequent glucosylation (76). In addition, the authors also
identified the gene HP0421 as encoding the enzyme cholesterol-a-glucosyl transferase responsible for
cholesterol glucosylation. According to these reports, rafts might have multiple functions for signaling that
can be an entry portal for bacteria and that are essential for host protection.

H. pylori evasion of innate immune responses

H. pylori infection causes chronic gastritis associated with gastric inflammatory and local immune
response. However, immune system was failed to eliminate the bacteria from gastric mucosa completely. The
bacteria may select a safe niche on mucosa where they can reside and evade the immune system as well as
the antibiotic. Some studies have demonstrated how the bacteria achieve the long-term persistence. For many
other chronic bacterial infections, invasion of cellsis one of the mgor significance in the survival and
repopulation of the pathogens. For instance, Salmonella enterica serovar Typhi causes persistent infection in
reticulum endothelium system of the host, who may become alife-long carrier (46); type | fimbriated E. coli
can invade into bladder epithelial cells and survive for many weeks in the bladders of mice (48, 62). These
findings indicate that the intracellular bacteria were presumably inaccessible to immune cells of the host as
well as antibiotics.

Little evidence suggests that H. pylori is adominant intracellular pathogen. However, the infection
modelsin vitro and in vivo have shown that H. pylori could survive and replicate in the intracellular niche (5,
30, 74). In one study, the authors showed delayed uptake of H. plyori into macrophages followed by the
formation of megasomes as aresult of phagosome fusion (1). Previous study also represented that H. pylori
can be internalization by phagocytosisinto LAMP-1 containing phagosomes (32). Likewise, VacA-expressed
H. pylori promotes the recruitment and retention of the tryptophan-aspartate-containing coat protein (TACO)
by phagosomes, thereby disrupting the phagosome maturation in monocytes and promoting enhanced of
survival of the bacteria (78). However, it is unclear how intracellular survival of H. pylori in macrophage
contributes to disease pathogenesis.

Chronic gastritisis induced by mononuclear cell infiltrates, included of lymphocyte and macrophages.
In the study of macrophages, which are major source of the IL-6 present in H. pylori induced chronic
gastritis, are known to play acritical role in the pathogenesis of mucosal inflammations (61). It was also
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reported that macrophages secretion increased levels of IL-1 and TNF-a in H. pylori infected gastric tissues
(24, 77). Nevertheless, the interaction of macrophages with H. pylori bacteria or their virulence factorsin
such interactions are poor understood. Another bactericidal agent of macrophages, nitric oxide (NO) is
generated by nitric oxide synthase (NOS)-mediated conversion of L-arginine to L-citrulline. However, H.
pylori can survive despite marked induction of inducible NOS in macrophages. In arecent study, the authors
reported that H. pylori prevents NO production by the bacterial cell envelope gene rocF, which encoded an
arginase and competed with NOS (22). Mutation of the rocF gene resultsin efficient killing of H. pylori inan
NO-dependent manner, suggesting that arginase might be important for protection of macrophages. Thus, H.
pylori modulates intracellular signaling pathways in anumber of cell typesin vitro and in vivo. However,
neither the induction/protection of cell death signaling pathways nor the bacteria factors involved have been
fully determined. Therefore, we will focus on how H. pylori triggers cell death of macrophage and to
delineate the relationship of the bacterial factors and the intracellular signaling pathways involved in cell
death.

In the light of the finding of above reports, we propose to extend our previous works and study the
interactions between H. pylori and host cells. In this proposal, we will first focus our effort on H. pylori
virulence factorsin the bacterial internalization, cell death, and intracellular effectsin the infection of
macrophages. Furthermore, we wanted to identify which intracellular molecules were contributed to the
internalization and induction or protection of cell death in H. pylori infection of macrophages. We will also
investigate the role of lipid raftsin the protection of H. pylori by macrophage phagocytosis. Thus, results
from these studies may elucidate new aspects for the pathogenesis of H. pylori in macrophages, and provide
new approaches for prevention of H. pylori infection.
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Preliminary results

This proposal is a collaboration between the Pl and Dr. Wen-Ching Wang (Department of Life Sciences,
National Tsing Hua University) and Dr. Shih-Hua Fang (Department of Microbiology, School of Medicine,
ChinaMedical University). The collaboration takes advantage of the expertise of the Pl in bacterial
pathogenesis of H. pylori and the biochemical expertise of Dr. Wang in molecular genetic and protein
structure and function of bacteria (11, 13), and the immunological expertise of Dr. Fangin T cell and
macrophage regulations (16, 18). The overall goals are (i) investigation the infection process of H. pylori in
macrophage, (ii) characterization of the mechanism of CagA in the suppression of antimicrobial nitric
oxide (NO) production, and (iii) identification and characterization role of lipid raftsin CagA induced
signaling in macrophages. We have prepared al of the experimental tools required to accomplish this
proposal. Specifically, we have (i) generated various H. pylori virulence factor isogenic mutants, (ii)
observed cellular invasion into epithelia cells by H. pylori, (iii) demonstrated that CagA, VacA, and BabA
are associated with lipid rafts, (iv) visualized H. pylori are colocalized with lipid rafts by macrophage
internalization, (v) characterized H. pylori inhibits lipopolysaccharide-induced macrophage nitric oxide
production. The experiments done to accomplish each of these tasks are described in detail below.

Construction of H. pylori isogenic mutants— As afirst step toward this goal, we have been generated cagA
and/or vacA knocking out H. pylori strain 26695 by homol ogous recombination (73). Each recombinant
plasmid, antibiotic cassette and PCR primers listed in Table 2. Western blot analysis was carried out to the
abolished expression of each protein. The isogenic mutants generated in this proposal were listed in Table 3.
All of these isogenic mutants will used in our following experiments and compared the results obtained with
the wild type.

Table 2. Plasmids and primers used in this study
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Plasmid Description Primer sequence (5°—3’) or restriction sites
pUOA20 cat cassette pUMfel F: TGCGTCAATTGGATTGAAAAGTGG
pUMfel R: AGGACGCACAATTGTCGACAGAGA
pUNhel F: GAAAAGTGGCTAGCTTTATG
pUNhel R: CAGTGCGGCTAGCTGGGATTTT
pE194 Erythromycin resistant pEXbal F: CAATAATCTAGACCGATTGCAGTATAA
gene pEXbal R: GACATAATCGATCTAGAAAAAATAGGCACACG
pACYC177 Kanamyecin resistant gene  pANhel F: GGAAGATGCGCTAGCTGATCCTTCAAC
pANhel R: CCCGTCAAGCTAGCGTAATGCTCTGC
po2 vacA in pGEM-T

PGEM-Cag

p62-Cat
PGEM-Cag -Km

cagA in pGEM-T

cat inserted in p62
Kanamyecin resistant gene

inserted in pGEM-Cag

Cag F: ACAAAGAGGAAGCTCGAGATTTAAACC
Cag R: GGAAATATCCACGTCGACTTTAAAGAAC
Mfel

Nhel

Table 3. H. pylori strains used in this study

H. pvlori strains Description Source

H. pylori 26695 Wild type, ATCC 700392 ATCC

AVagA ATCC 700392, vacA::cat, Chloramphenicol resistant This study
ACacA ATCC 700392, cagd::Km', Kanamycin resistant This study
AVacAACagA ATCC 700392, vacA::cat and cagd::Kn'" This study
/BabA ATCC 700392, babA::ery and babA:: Km' This study
A SabA ATCC 700392, sabA::cat and sabA:: Km" This study

Observation of cellular invasion into epithelial cells by H. pylori— To observe internalization behavior of
H. pylori strains by cells, gastric epithelial cells AGS were grown on 12-mm round coverslips before being
infected by centrifugation. After infection of H. pylori, cells were washed three times by PBS. For further
fixation, the washed and fixed cells were treated with 2% OsO, and then dehydrated fellow by the processes
for electron microscopy. Visualization of samples was carried out by a scanning electron microscope
(Hitachi). We have observed that cell surface pedestals are seen when H. pylori were in tight contact with
AGS cells (Figure 1). The epithelia cell model by SEM observation will be used in H. pylori infection with

macrophages.
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Figure 1. Cellular invasion into AGS epithelial cells by H. pylori. After infection
of AGS cdlls by wild-type strain H. pylori 26695 for 6 hrs, the rod-shaped bacteria
are observed nearby or attaching to the cell surface (a-c). Cell surface pedestals
(arrow) are evidently seen when H. pylori were in tight contact with AGS cells (d).
Scale bar represents 1 um.
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Disruption of lipid rafts block entry of H. pylori into AGS—To further demonstrate whether
H. pylori were associated with lipid rafts, we examined infected AGS cells using CTX-B as a
specific marker of lipid rafts. Confocal laser microscope (CLSM) visualized labeling of wild
type H. pylori 26695 (red color) and CTX-B (green color). After infection of AGS cellswith H.
pylori strain 26695 at 37°C for 6 hours without pretreatment of MBCD, CTX-B were
specifically recruited to sites of bacterial attachment (Figure 2e-h). Merged image of bacteria
and CTX-B labeling showed that bacteria were colocalized with lipid rafts on the plasma
membrane (Figure 2h). After infection of 12 hours, accumulation of lipid rafts were found
appeared around infected H. pylori (Figure 2i-1). However, a few internalized bacteria were
clearly seen in large vacuoles and changed the morphology to been hummingbird phenotypes.
In contrast, in the presence of MBCD, bacteria still attached to AGS cells, but no apparent
accumulation of lipid rafts was detected around bacteria (Figure 2m-p). The corresponding
images without pretreatment of MBCD and infection of bacteria were shown in Figure 2a-d.
These results demonstrated that lipid rafts was associated with internalized H. pylori, while
disruption of lipid rafts affect bacteria entry into AGS cells. Thus, microscopic examinations
represented that the lipid rafts mobilized and colocalized with the intracellular H. pylori.

Phase Anti-BabA CTX-B Merge

MCD-
Hp- 6h

MCD-
Hp6h

h
;" e
¥ 4
:
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Figure 2. Lipid rafts ere accumulated at the sites of H. pylori attachment. AGS cells
were untreated (a-l) or pretreated (m-p) with 2.5 mM MCD, exposed to wild-type
26695 bacteria, then probed with anti-BabA and CTX-B and viewed by confocal

microscope and phase contrast. CTX-B that recognized lipid-associated GM 1 was
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recruited around internalized bacteria. The inset in the upper panels showed high

magnification. Scale bar =10 um.
VacA, CagA, and BabA2 are associated with lipid rafts—To further examined the association between
virulence factors and lipid rafts during bacteria infection, AGS cells were challenged with H. pylori 26695 at
37°C for 6 hours. Samples were solubilized in Triton X-100 and detergent-resistant membranes (DRMs) were
isolated on OptiPrep gradients. As shown in Figure 3A, GM 1 and caveolin 1 (Cav-1), two markers of DRMSs,
were enriched in DRMs at the top lighter fractions (5-8), while the transferrin receptor (Tfr), a
transmembrane protein localized to clathrin-coated pits, was associated with heavier fractions. When pure
bacteria were subjected to the same treatment, CagA, VacA, BabA, and urease (UreA) appeared in heavier
fractions, indicating that bacteria were efficiently lysed (Figure 3B). We next analyzed the distribution of
those proteins when AGS cells were challenged with bacteria for 6 hours using the DRM fractionation assay.
Asshown in Figure 3C, VacA, CagA and BabA were primarily isolated in lighter DRM fractions (5-8) with
the peak at fraction no. 7. In contrast, urease was found in non-DRM fractions. With 5 mM MCD
pretreatment to extract cholesterol, the level of VacA, CagA, and BabA in lighter fractions was significantly
reduced. Moreover, the distribution of either protein shifted to heavier fractions, analogous to the pattern seen
for GM1 (Figure 3C). Urease remained in the non-raft fractions with MCD pretreatment, like that for the
transferrin receptor. It is noted that the distribution of VacA, CagA, and BabA was primarily within DRMs
whereas urease within non-DRMs in infected cells without cholesterol depletion. Along with the shift to
non-DRMsfor VacA, CagA, and BabA in the cholesterol-depleted cells, these results suggest that VacA,
CagA, and BabA might directly interact with the cellular membrane rafts during infection.
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detergent-resistant membranes (DRMs). Infected AGS
cells were subjected to fractionation in Optiprep density
gradient at 4°C. Each fraction was assayed for GM1 with
HRP-conjugated CTX-B (0.2 pg/ml) (Sigma-Aldrich)
using dot blot analysis, and assayed for caveolin 1 with
anti-Cav-1 antibodies or the transferrin receptor with
anti-Tfr antibodies using Western blot analysis. (B)
Distribution of bacteria surface mediatorsin non-DRM
fractions. Pure bacteria were subjected to fractionation in
Optiprep density gradient at 4°C. Each fraction was
assayed for VacA, CagA, BabA, and UreA using Western
blot analysis. (C) Association of bacterial surface
mediators in DRMs during infection. AGS cells infected
with H. pylori 26695, followed by fractionation in
Optiprep density gradient at 4°C. For cholesterol
depletion, cells were treated with 5 mM MCD for 1 hour
prior to incubation. Each fraction was assayed for VacA,
CagA, BabA, and UreA using Western blot analysis.
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We hypothesize that H. pylori use three virulence factors, VacA, CagA, and BabA?2 to interact
with lipid rafts, which are known to contain the molecular machinery required for the clustering of raft
components, formation of vacuoles and promotion of endocytosis (Figure 4). Thus, modification of
lipid rafts and raft-associated proteins might limit the accessibility of H. pylori to the antigen
processing and presentation machinery as well as antibiotic effects.

H
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Extracellular
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LCagA translocation u-ga Cytoskeleton

/r_ rearrangement

CagA phosphorylation & ;;.! Faactin
Src -—I-— PTPases
Cortactin
.. VacA r VacA receptor

T BabA ' Type IV Secretion System

. Lipid raft a Lewist

Figure 4. Model depicting H. pylori invading AGS cells. (A) A BabA-expressing
bacterium specifically couples to counterpart host receptors of Lewis(b) surface epitopes
localized within rafts. (B) Bacteria-associated VacA binds to receptors and associates with
rafts, triggering fusion of raft-associated membranes from intracellular compartments and
promoting raft coalescence into sites of bacterial attachment. (C) The raft-associated
bacterium with type IV secretion apparatus injects CagA into cytoplasm, where it is
phosphorylated, inducing downstream signaling events. (D) The raft-associated membrane
extensions from an intracellular pool eventually form adistinct intracellular compartment.
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H. pylori infection with macrophage ar e associated with lipid rafts— We then tested that whether
H. pylori are associated with lipid rafts in macrophage infection. As seen in the Figure 5 (first row for
1 hr infections), GM 1, araft marker stained by the CTX-B probe, was evenly distributed in the plasma
membrane, displaying a raft-associated punctate pattern in untreated cells. When cells were incubated
with H. pylori for 6 hr, accumulation of lipid rafts were found appeared around infected H. pylori
Figure 5 (second row for 6 hr infections). Thus, using confocal laser microscope, we also found that H.
pylori was internalized and associated with lipid rafts after infection with macrophage.

anti-BabA

CTX-B Merle
.
Figure5. H. pylori were colocalized with lipid rafts by macrophage internalization. Confocal
laser scanning microscope (CLSM) visualized labeling of wild type H. pylori 26695 (red

color) and CTX-B (green color), after infection of macrophage cell line J774A.1 with H.
pylori strain 26695 at 37°C for 1 hr (a-d) and 6 hr (e-h).

__Phase

a~d 1hr infection

e~h 6hr infection

H. pylori infection of macrophage suppresses lipopolysaccharide-induced nitric oxide production— To
determine whether H. pylori can inhibit LPS-induced NO production, macrophage were infected for 48 hrs
with wild-type and cagA™ H. pylori. Macrophages were incubated with medium containing various MOI of H.
pylori wild type or cagA™ strains, in the presence or absence of LPS (2 ug/ml) for 48 h. The production of NO
was estimated from the accumulation of nitrite (NO, ). The results showed that infected with wild-type H.
pylori reduced the efficacy of LPS-induced NO production with less NO detected in cells infected with

higher MOI (Figure 6). In contrast, cagA™ H. pylori represented less effective to suppress LPS-induced NO
production than wild-type strain. Thus, these data demonstrate not only H. pylori can inhibit

L PS-induced NO production in a dose-dependent manner but also mediate via cagA-TFSS regulation.
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Figure 6. The concentration of NO from pre-treatment of macrophages with various
MOI of H. pylori. Macrophages were stimulated with LPS (2 pug/ml) in the presence of
various MOI of wild type or cagA™ isogenic H. pylori. Supernatants were collected after
48 hr and the concentrations of NO were determined by Griess method.

Therapy-failureisolates are associated with increased antibiotic resistance and greater internalization
activity—Our recent report showed that bacteria with high antibiotic resistance and/or elevated invading
activity escape better during antibiotic treatment of H. pylori infections (34). Therapy failurethus resulted in
selection and enrichment of strains with both refractory phenotypes, leading to even more resistant strains.
These results may support the hypothesis that three mediators VacA, CagA, and BabA essential for bacterial
internalization directly partition in membrane rafts during infection. It islikely that intricate pathogen-host
interactions take place during the process of internalization, in which BabA binds to receptors of fucosylated
blood group antigens to establish the initial contacts, VacA may promote raft coalescence, and CagA injects
into host cells for subsequent signaling that may be essential for the second internalization phase. M ost
importantly, we believe our preliminary results provide a concept that bacteria with superior
intracellular invasion may survive better within atemporary reservoir, protecting them against
antibiotic treatment and yielding refractory strainsthat resist treatment.

Research design

Macrophages are one of the most powerful professional phagocytes in the immune system, capable of
killing the foreign pathogens using the active lysosomal system. However, some pathogens are able to protect
the killing mechanisms of the macrophages by several methods. Although we have showed that intracellular
H. pylori could evade antibiotic therapy and induce resistant strains. Nevertheless, the ability of H. pylori to
internalize into macrophage and induce macrophage pathogenesisis still unclear. In most H. pylori-infected
patients, bacterial infection causes early immune response by infiltrated of macrophages and subsequently
induces superficial chronic gastritis. However, the molecular basis for infection of macrophage by H. pylori
still remains poorly understood. Hence, we decided to investigate whether the bacteria had the ability to
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direct its own internalization into macrophage and induce the pathogenesis of macrophage. The proposed
experiments and research design flowchart (Figure 7) are as follows.
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Figure 7. Schematic diagram for the overall research design

Specific aimsinclude:
Year 1
Specific Aim 1. To study theinfection process of H. pylori in macrophage

Our previous study using epithelial model, we suggested that H. pylori have a strategy to penetrate
epithelia cells, to surviveintracellularly and to evade antibiotic effects as well as host immune responses.
However, the innate immune response involved in early gastric inflammation during H. pylori infection into
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epithelia cellsisstill unclear. In this proposal, we will first test this hypothesis by investigating the
internalization of H. pylori in macrophages. In addition, we will aim to study the cell death of macrophages
during bacterial infection process. Furthermore, we will extend this study to include murine primary
macrophage. The propose experiments are designed as follows:

1.1 To evaluatethe adhesion and internalization activity of H. pylori with macrophage

A previous study reported that type 1 (VacA*/CagA™) H. pylori strains exhibit delayed phagocytosis by
formation of megasome compared with type 2 (VacA /CagA ) strains (1). Another study showed that
retention of the coat protein tryptophan aspartate-containing coat protein (TACO) prevent type 1
strain-association phagosome trafficking (78). While the authors compared type 1 and type 2 strains with
unrelated genetic background. In this proposal, we will usethewild type strain and itsisogenic cagA
and/or vacA mutants with otherwise the same genetic background.

We will next perform bacterial internalization into macrophages by a standard gentamicin protection
assay (57). Our previous studies have investigated the molecular pathogenesis of VacA and CagA in gastric
epithelial cells. However, the impact of virulence factors on the interplay between H. pylori and macrophages
remains elusive. To investigate whether virulence H. pylori (vacA™ and cagA™) would able to direct
internalization into macrophages, macrophage cell lines such as RAW264.7, J774 and U937 will be infected
with wild-type, cagA and/or vacA strains. By comparison in binding and internalization ability between the
wild type and mutant strains, we tried to identify whether these factors participate in the bacterial infection
processes. These genetic and microbiologica experiments will help to understand the roles of those virulence
factorsin H. pylori infection of host cells.

1.2 Toinvestigate the infection processin macrophages with H. pylori infection

It isalso well known that H. pylori can possesses cag PAI encoding of type IV secretion system (TFSS)
and assemble the needle-like structure to trans ocate CagA into host cells (2, 53). Infection with cagA™ H.
pylori strainsis more closely associated with peptic ulceration and gastric cancer than infection with cagA
mutants. It has been reported that Type | H. pylori strains (VacA*/CagA®) inhibit phagocytosis by
macrophages (1). Recent study also demonstrated that VacA-expressing H. pylori prevent phagosome
maturation thereby promoting enhanced the survival of the bacteria. (78). However, the role of CagA in the
interaction of H. pylori and macrophages is not well defined. In the present proposal, we will compare the
ability to induce large scale membrane extension of macrophages between wild-type and cagA mutant
infections by scanning el ectronic microscope (SEM). The result from this study will elucidate the role of
CagA for the initiation of bacterial internalization, particular in the formation of lamellipodia and membrane
ruffles after infection with H. pylori in macrophages.

1.3 To study H. pylori induce or prevent cell death in macrophage

Apoptosis macrophages has been implicated in the survival of intracellular bacteria such as Shigella
flexneri (52) and Salmonella typhimurium (38). In contrast, some intracellular bacteria were found to use
anti-apoptosis strategies to avoid the loss of their cellular habitat. For instance, Bartonella henselae was
found to have anti-apoptotic capacity, which mediated viathe virB type IV secretion system (63). Severa
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studies have reported that H. pylori induced gastric epithelial cells apoptosis (14, 55). Moreover, it has been
shown that H. pylori induces apoptosis in the macrophage cell line (19, 45). In contrast to the above reports,
some studies demonstrated H. pylori CagA protein protecting B cell (71) and gastric epithelial cell (4) from
apoptosis. More recently, areport showed that spleen B cells were protected from apoptosis by low
multiplicity of infection (MOI) of H. pylori infection (10). Thisresult indicated that the low levels of H.
pylori infection that occur in vivo are associated with B cell survival, proliferation, and had their potential to
evolve into mucosa-associated lymphoid tissue lymphoma. The mechanisms leading to these effects remain
ambiguous. Therefore, we will determine whether H. pylori capable of inducing or inhibiting cell death of
macrophages. To verify if these effects could be extrapolated to primary phagocytic cells, we will also extend
our study to include murine macrophages. As macrophages play magjor roles in innate immunity and act as
antigen presenting cells to activate adaptive immunity against bacterial infections. The results of this study
will shed light on the role of the interaction between H. pylori and immune cells.

1.4 Detection of inflammatory cytokines released by macrophages during H. pylori infection

Interaction of macrophages with Gram-negative bacteria results in the production of proinflammatory
cytokines such as IL-1 and TNF-a, which enhance phagocytosis and bacteria killing. Theincreasein
cytokines released after infection could also be induce the lysis of cells, thereby releasing intracellular
cytokines. To solve this question, cytokines assay will be performed by using enzyme-linked immunosorbent
assay (ELISA) kitsfor IL-1, IL-18, and TNF-a..

Year 2

Specific Aim 2. To study therole of CagA in the suppression of antimicrobial nitric oxide (NO)
production

2.1 Toinvestigate H. pylori interaction with macrophage inhibits lipopolysaccharide-induced NO
production

It has been shown that H. pylori might induce macrophage inducible nitric oxide (iNOS) expression
(75). Nitric oxide (NO) production plays an important role in the gastric mucosal immune response to H.
pylori and the associated inflammation. The expression of iINOS is regulated in various cell types and can be
enhanced by stimulating the cells with bacterial lipopolysaccharide (LPS) (51). Toll-like receptors (TLRS)
have been identified as the main pattern recognition receptors that participate in innate immune responses
against bacterial infection (28). A recent report showed that H. pylori LPS-induced cell activation is mediated
through TLR2 (37). In contrast to TLR2, TLR4 signaling to H. pylori LPS does not appear to mediate innate
responses in gastric epithelial cells (3). However H. pylori LPS was shown to have a 500-1000 fold lower
effective than other Gram-negative bacterium, S. typhimurium and E. coli (21, 49).

Given that H. pylori targets gastric epithelia cells and infiltrated innate immune cells, a macrophage
model system was required to investigate whether the bacteria possesses the capacity to inhibit NO
production and evade the immune response. Thus, experiments were carried out with murine macrophage and
preliminary result showed that the cell do not produce NO unless treated with E. coli LPS (Figure 6). To
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determine whether H. pylori can inhibit LPS-induced NO production, macrophage were infected for 48 hrs
with wild-type and cagA H. pylori. Interestingly, the results showed that infected with wild-type H. pylori
reduced the efficacy of LPS-induced NO production with less NO detected in cells infected with higher MOI
(Figure 6). However, cagA  H. pylori represented |ess effective to suppress LPS-induced NO production
than wild-type strain. Thus, these data demonstrate not only H. pylori can inhibit LPS-induced NO
production in a dose-dependent manner but also mediate via cagA-TFSS regulation.

Base on our preliminary results, H. pylori can inhibit LPS-induced NO production in a manner that is
dependent on a functional cagA-TFSS. In an am to understand why H. pylori inhibit LPS-induced NO
production, several strategies will be used to confirm these effects: (i) to determine whether iINOS expression
also inhibit by H. pylori infection, (ii) to monitor whether H. pylori inhibits iNOS production at the
transcriptional or post-transcriptional levels, (iii) to test whether pre-treatment of macrophage with LPS
would affect bacteria growth, adherence or internalization. Together with these biochemical experiments, the
physiological function of H. pylori cagA-TFSS suppress LPS-induced NO production may then be revealed.

2.2 To study the expression of macrophage intracellular molecules

Bacterial LPS activates macrophages by binding to Toll-like receptor 4 (TLRA4), leading to production of
cytokines, such as TNF-a (58). Engaging TLR4 activate MyD88-dependent and independent pathways,
leading to activation of downstream targets (i.e. MAP kinase) (29) However, a recent report showed that H.
pylori LPS-induced cell activation was mediated through TLR2 and was able to antagonize TL R4 (37).
In gastric cell lines, expression of CagA resulted in translocation of NF-kB into nucleus and activation of
IL-8 transcription (7). Although TLRs appears to be directly involved in NF-xB activation, the mechanism of
its activationsis still remains controversy. To determine the role of H. pylori CagA to trigger NF-xB in
suppressing LPS-induced NO production, we will first transfect a NF-xB-luciferase reporter genein to
macrophage cell lines for establishing an assay system. The next step will examinein detail the effects of
signaling cascade involvement of MAP kinase p38, MyD88, and IKK. To address H. pylori suppresses
L PS-induced macrophage cell death signaling occurs mediate through TLRs, we will also determine whether
antibodies against TLRs would change the induction of macrophage cell death. Results from these
experiments will identify intracellular moleculesinvolved in the signal pathway, which may shed light on the
role of CagA in H. pylori infection of macrophage.

Year 3
Specific Aim 3. Investigation of therole of lipid raftsin CagA induced signaling in macrophages
3.1 Characterization of interaction of H. pylori CagA and TLR in lipid rafts

It has been shown that regions of cell membrane known as lipid rafts facilitate L PS-induced cell
activation (70). In addition, TLR2 also recruited within lipid rafts upon stimulation by itsligands (69).
In our preliminary study in gastric epithelial cell model, disruption of lipid raftswith MBCD may lead
to disor ganize the association between raftsand H. pylori CagA (Figure 8). Thus, we suggested that CagA
was mainly associated with lipid rafts. Using confocal laser microscope, we also found that H. pylori was
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internalized and associated with lipid rafts after infection with macrophage for 1hr and 6 hr (Figure 5).
However, we did not test CagA translocation in macrophages and the interaction with lipid raft-associated
molecules. To connect the relationships between H. pylori, CagA, TLRs, and lipid rafts aswell as signaling
cascade molecules, we will determine whether these proteins are distribution in macrophage cell lipid rafts.
We will also investigate whether H. pylori CagA inhibits LPS-induced NO production was mediated through
competition of TLR2 and TLR4. These results will reveal lipid rafts play their rolein H. pylori CagA— and

L PS-induced signaling.
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Figure 8. H. pylori CagA was associated with lipid rafts. (a) Western blot analysis of H. pylori
CagA translocation and phosphorylation. AGS cells were pretreated with 0, 1.0, 2.5, and 5.0
mM MBCD, or pretreated with 5.0 mM MBCD and replenished with cholesterol (400 ug/ml),
and subsequently infected with H. pylori 26695. Densitometry analysis was shown in (b) CagA
translocation and (c) CagA phosphorylation. Results shown represent the mean + SD from
triplicate independent experiments.

3.2 Identification of the cellular moleculesrecruited in lipid raftsin H. pylori—infected macrophage
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One of the most widely appreciated roles of lipid raftsisin the recruitment and concentration of
moleculesinvolved in cellular signaling. To our knowledge, TLR2 was involved in lipid rafts, while TLR4
was not. We proposed that H. pylori-LPS bindsto TLR2 and enhance clustering of lipid rafts, subsequent
trang ocation of CagA into macrophage as well as regulation of intracellular signaling. Bacterial component
LPS can bind to TLR4, which was not recruited in lipid rafts. With thisin mind, we will address the
possibility that lipid rafts concentrate signaling molecules implicated in H. pylori CagA triggered
LPS-cellular activation (Figure 9). In order to test this hypothesis, we will investigate whether intracellular
molecules were recruited in lipid rafts. The molecules involve in downstream of membrane TLRS, such as
ERK-2, MEK1/2, MAPK p38, MyD88, and NF-kB will be determined.
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Figure 9. The mechanisms of H. pylori induce macrophage pathogenesis

3.3 Analysisof H. pylori-macrophage interactionsin lipid rafts by a proteomic approach

The study of global protein expression was performed nearly exclusively using two-dimensional gel
electrophoresis (2-DE) and mastrix-assisted laser desorption/ionization-time of flight mass spectrometry
(MALDI-TOF), thus becoming an emerging discipline. To identify which molecules were up-regulated or
down-regulated with H. pylori-LPS and CagA within lipid rafts, we will analyze the detergent-resistant
membrane (DRM) fractions by a proteomic approach. Various specific antibodies will also be used for
probing specific molecules. These results shall reveal how H. pylori suppress LPS-induced macrophage death
vialipid rafts and enhance them as means of survive intracellularly.

M aterials and methods

Cdl lines— RAW 264.7 (ATCC TIB-71, murine macrophage cell line), J774A cells (ATCC TIB-67, murine
macrophage cell line), were cultured in DMEM (GibcoBRL, NY, USA), U937 (ATCC CRL-1593.2, human
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monocyte cell line) was cultured in RPMI 1640 (GibcoBRL) medium. Ten percent of de-complement FBS
(Hyclone UT, USA) was added in all cultures. Penicillin and streptomycin (GibcoBRL) were used if needed.
In bacteriainternalization assay, cell culture medium were not supplemented with antibiotic reagents.

Construction of H. pylori isogenic mutants— In this proposal, al experiments carried out with 26695
(ATCC 700392). An isogenic mutant H. pylori AvacA::cat was generated by insertion of the cat fragment
derived from pUOA 20 (73) into vacA gene of H. pylori through allelic replacement and selection of
chloramphenicol-resistant clones (72). Each recombinant plasmid, antibiotic cassette and PCR primers listed
in Table 2. All isogenic mutants of H. pylori were obtained by following the natural transformation protocol
(72). The genomic DNA of H. pylori mutants were used to check inserted of antibiotics cassette into atarget
gene. Western blot analysis was carried out to the abolished expression of each protein. Table 3 lists the
isogenic mutants generated in this investigation.

Gentamicin protection assay— To identify the roles of VacA and CagA in H. pylori adherence and
internalization of macrophage, H. pylori 26695 and variant isogenic mutants that are both cultured to
logarithmic phase were harvested and resuspended in PBS (pH7.4). The cells were infected with 50 MOI of
H. pylori and were incubated at 37°C for different time courses. To determine the number of cells which
associated with bacteria per well, infected macrophages were lysed by incubating in distilled water for 10
minutes. To determine the number of internalized bacteria, after being washed with PBS, the infected
macrophages were incubated with culture medium containing with 100ug/ml gentamicin (Sigma, MO, USA)
at 37°C for another 1.5 hours. The adherence and internalization activity were calculated as previously
described (34).

Bacterial survival assay— To assess the intracellular survival, macrophage cell lines were infected with H.
pylori wild type or cagA mutant at an MOI of 100:1. One hour after infection, cells were centrifuged at 350 g
for 3 min and supernatant was discarded. Subsequently, cells were washed twice with PBS, resuspended in
medium containing 100pg/ml gentamicin (Sigma) and seeded at 1 x 10° /ml. Cellswerelysed 1, 4 or 8 hr
after infection. Diluted cell lysates were plated on Brucella blood agar plates. Colonies were counted after
4-5 days. Experiments were performed at |east three timesin duplicates.

Apoptosis assay— Cell Death Detection ELISA kits (Roche) were used to measure cell death. Macrophages
were treated with wild-type and cagA-deficient knockout strains using the same concentrations and time
intervals that were used for getamicin protection assays. Cells were lysed according to the manufacturer’s
instructions, lysates were used for ELISA, and OD was measured at 405 nm.

Scanning Electron Microscopy— To observe internalization behavior of H. pylori strains by macrophages,
cells were grown on 12-mm round coverslips before being infected by centrifugation. After infection of H.
pylori, cells were washed three times by PBS. For further fixation, the washed and fixed cells were treated
with 2% OsO, and then dehydrated fellow by the processes for e ectron microscopy. Visualization of samples
was carried out by a scanning electron microscope (Hitachi).

Cytokine assay— To detect inflammatory cytokines released by macrophages during H. pylori infection, the
levels of various cytokines were evaluated. The levels of TNF-a, TNF-f, IL-12, and IL-18, in supernatants
from macrophage cultures were determined by an enzyme-linked immunosorbent assay (ELISA) using
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antibody from PharMingen, according to the manufacturer's instruction (17). Cells were incubated with LPS
in the presence of different MOI of H. pylori strains. The supernatants were collected and stored at —80 °C
before analysis. Cell viability was determined by trypan blue dye exclusion method and was always greater
than 95%.

Nitric Oxide determination— In order to investigate whether H. pylori can inhibit LPS-induced nitric oxide
(NO) production in amanner that is dependent on afunctional cagA—TFSS, NO production was determined.
The production of NO was estimated from the accumulation of nitrite (NO, ), a stable end product of NO
metabolism, in the medium using the Griess reagent as described previously (12). Briefly, cellswere
incubated with medium containing various MOI of H. pylori wild type or cagA™ strains, in the presence or
absence of LPS (2 pug/ml) for 48 h. Equal volumes of culture supernatant or serum and Griess reagent (1:1
mixture of 1% sulfanilamide in 5% phosphoric acid and 0.1% a-naphthyl ethylenediamine dihydrochloride in
distilled water) were mixed and incubated for 15 min at room temperature. The absorbance was measured at
540 nm on a spectrophotometer, and referred to a nitrite standard curve to determine the nitrate concentration
In supernatants.

Cell viability assay — Various MOI of H. pylori wild type or cagA ™ strains were co-incubated with
macrophages (2 x 10° cells/ml) in a 96-well plate for 48 h. Mitochondrial respiration-dependent MTT assay
was employed to determine their cytotoxicity (47). Briefly, MTT in PBS (0.1 mg) was added into each well
and then incubated at 37 °C for 4 h. The MTT formazan (1-(4,5-dimethylthiazol-2-yl)-3,5-diphenyl formazan)
crystals made due to dye reduction by viable cells were dissolved using acidified isopropanol (0.1 HCI) and
mixed at room temperature. After 20 min, index of cell viability was calculated by measuring the optical
density (OD) of the color produced by MTT dye reduction with a microplate reader (BIO-RAD, model 3550,
USA) at 570 nm (ODs79 620). The mean OD value of the content of four wells was used for ng the cell
viability expressed as percentage of control.

Transient transfection of NF-xB reporter gene— To investigate NF-xB involvement in H. pylori CagA
suppresses LPS-induced NO production, we will transfect NF-xB-Luc expression plasmid (given from Dr.
Chih-Hsin Tang, Department of Pharmacology, China Medical University). Macrophages were grown to
60% confluence and were transfected using SuperFect (Qiagen). After 24-h incubation, transfection was
complete, and cells were incubated with the indicated agents or H. pylori strains. To prepare |ysates, reporter
lysis buffer (Promega) was added to each well, and cells were scraped from dishes. An equal volume of
luciferase substrate was added to all samples, and |luminescence was measured in a microplate luminometer.
The value of luciferase activity was normalized to transfection efficiency monitored by the cotransfected
[3-gal actosidase expression vector.

I mmunofluorescence labeling of infected bacteria— To visualize the process of H. pylori infected into
macrophages and interaction with TLRs within lipid rafts. H. pylori-infected cells were fixed and
permeabilized with Triton X-100. To label the H. pylori outer membrane protein BabA, preparations were
then incubated for 30 minutes with an anti-BabA mouse monoclonal antibody (McAb). Antibodies against
to TLR2, TLR4, CD14, and various intracellular molecules will be purchased from commercia products
(Santa Cruz Biotechnology). After probing with fluorescence-conjugated secondary antibodies, the
preparations were mounted and observed with a confocal laser scanning microscope (Zeiss LSM 500).
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I solation of lipid rafts and detergent-resistant fractions— In order to address the role of lipid raftsin the
interaction of intracellular molecules during H. pylori infection of macrophages, we will determine
whether TLR2, TLR4, CD14, NF-«xB, and H. pylori CagA would associate with lipid rafts. Lipid rafts
fractions will be prepared using Optiprep ultracentrifuge method (31) and performed by Western blot
analysis. Macrophages were infected with wild type or isogenic mutants H. pylori, and then were lyzed
with ice cold 1% Triton X 100 in TNE onice for 1 hour. Cell lysates were added to the solution containing
40% Optiprep (Axis-Shield, Norway) in atotal volume of 600 ul and overlaid with 200 pul of 35%, 30%,
25%, 20% and 0% Optiprep in TNE. The gradient solution was centrifuged at 38,000 rpm for 18 hours at
4°C in a RPS56T rotor (Hitachi, Japan). Fractions were collected from top to bottom and protein were
precipitated by 6% trichloroacetic acid (Sigma) and subjected to SDS-PAGE and Western blot analysis.

Proteomics analysis— To identify which molecul es were changed after H. pylori and TLRs interaction
within lipid rafts, we analyze the DRM fractions by proteomics approach. In general, H. pylori-infected
macrophages were subjected to Optiprep gradients ultracentrifuge to isolate the DRM fractions. The sample
were prepared according to Pharmacia’s protocol and subjected to 2-DE on a Pharmacia Multiphor 11
electrohporesis apparatus. In order to identify the molecules, in-gel digestion was carried out and then
identified by mass spectrometry (MALDI TOF/TOF). The values for monoisotopic peaks were subjected to
blast (http://www.matrixscience.com) against the NCBInr database.
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In this proposal, we anticipate obtaining some valuable results regarding the interaction between H.
pylori and macrophages. These experiments are designed in the light of our previous study, which shall alow
us to reveal H. pylori virulence factors in the pathogenesis of macrophages. Results from these experiments
do not only provide the fundamental understanding in the pathogen-host interaction but also allow us to
develop the new strategies to prevent bacterial persistent infection. In this project, we anticipate obtaining
enormous experience in study of pathogen-host interaction, which will be invaluable for the future
challengeable works.

In this project, we are confident that we will soon establish the experiment procedures and will also
obtain interesting results. The expected progresses are as follows,

Year 1.

To determine the H. pylori virulence factors have their important roles for pathogenesis of macrophages,
cagA and/or vacA gene knock out strains were generated. Several biological assays for macrophage infection
with bacteriawill be assessed. For instance, bacterial survival, adhesion, internalization, cytokine release, and
cell apoptosis will be determined in our proposal. The results will be compared with the obtained with the
corresponding parent wild type strain. Comparison of the results obtained with the wild type and various
virulence factors knock out strains will allow us to assess whether such differences are important for bacteria
induce macrophage pathogenesis. Several results will attempt to be obtained as follows.

1. Determination of infection process of H. pylori in macrophage

Wild type and isogenic knock-out mutants of H. pylori will be tested for the internalization assay in
macrophages. These experiments will help to understand the roles of those virulence factorsin H. pylori
persistent infection of host innate immune response.

2. Characterization of internalization behavior in macrophageswith H. pylori infection

The result from this study will elucidate the role of CagA and VacA for the initiation of bacterial
internalization, particular in the intracellular survive and formation of lamellipodia and membrane ruffles
after infection with H. pylori in macrophages.

3. Investigation of H. pylori induce cell death in macrophage

We will determine whether the virulence factors of H. pylori capable of inducing or inhibiting cell death
of macrophages. We will then investigate which mechanism of H. pylori-induced macrophage cell death
occurred. If the pathway for H. pylori induce cell death can be determined. We will then verify if these effects
could be extrapolated to primary phagocytic cells. The results from this study will shed light on the role of H.
plyori virulence factors in the pathogenesis of macrophages.

32



4. Inflammatory cytokinesreleased by macrophages during H. pylori infection

The study of inflammatory cytokines, such asIL-1, IL-18, and TNF-a will elucidate a mechanism,
which used by pathogens to evade killing by macrophages is to kill the macrophages with the cytokines
secreted by the infected cells.

Correlation of the results with the biological phenomenon will provide an indication of whether the
virulence factors are required for macrophage pathogenesis or enhance H. pylori survived intracellularly.

Year 2.
1. Corrélation of H. pylori infection with inhibition of L PS-induced macrophage NO production

To investigate the role of H. pylori suppresses macrophage antimicrobial nitric oxide (NO)
production, we will first to set up an assay model. Fortunately, we have currently obtained the assay
system for lipopol ysaccharide (L PS)-induced macrophage NO production model. Interestingly, our
preliminary results showed that macrophage infected with H. pylori inhibits LPS-induced NO production.
Base on this observation, in the next year, we will determine the expression of NO upstream
generator-inducible nitric oxide synthase (iNOS) and know which step was influenced by H. pylori. If the
inhibition of INOS is occurred in transcriptional level and depend on H. pylori virulence factors, we will
propose some intracellular molecules are involved in the processes. Thus, the physiological functions of H.
pylori suppress LPS-induced NO production will be revealed.

2. Determination the expression of macrophage intracellular molecules

In parallel, we will characterize the properties of molecules downstream of TLRs. Moreover, we will
transfect a central molecule NF-kB into macrophage for establishing an assay system. We aso will
determine the role of H. pylori CagA to trigger NF-kB in LPS-induced NO production in macrophage.
NF-kB is an important molecule either in inflammation responses or in induction/suppression of cell
apoptosis. If our postulates are confirmed with the experiments, we will next examine intracellular
molecules which involved in signaling cascade. The results will understand the role of CagA in the
interaction with intracellular signal pathway involved in the H. pylori infection macrophage.

Year 3.

1. Determination of therole of lipid raftsin CagA induced signaling

Base on our previous experiments effort on lipid rafts, we know H. pylori CagA was mainly
associated with epithelial cell membrane lipid rafts. In the present proposal, we will change our assay
system from epithelial cellsto macrophages. If H. pylori CagA was interacted with lipid rafts during
infection of macrophages, we will determine the rel ationships between H. pylori CagA, LPS, TLRs, and
lipid rafts as well asintracellular signaling. Taking these results, that should be possible to identify the
role of lipid raftsin H. pylori infection with macrophages.

2. Characterization of cellular moleculesrecruited in lipid raftsin H. pylori-infected macrophages
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To more detail investigate the interaction between H. pylori and lipid rafts, all experiments will be
addressed the molecules involvement in downstream of TLRs. Proteomic approach will also determine the
global protein expression. We will then understand the molecular basis of H. pylori CagA trigger lipid rafts
in macrophage pathogenesis and enhancement of bacterial intracellular survive.
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