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ABSTRACT

Background & Aims: Helicobacter pylori  (H. pylori ) chronic infection is the major
cause of peptic ulceration and gastric cancer. Strains with the cag pathogenicity
island ( cagPal) are more strongly associated with disease. In earlier studies , higher

level s of interleukin  -10 (IL -10) were found in human gastric biopsies with the highest
H. pylori colonisation density grading. In the current study, experiments were
performed to determine if this effect could be replicated in vitro using human gastric
epithelial cell lines. Although IL -10 is abundant in the ga  stric mucosa, the nature of
its interaction with the epithelium is unknown. IL -10 receptor (IL -10R) expression on

gastric epithelial cells was therefore investigated.

Materials & M ethods : H. pylori was co -cultured with the human gastric epithelial

cell li nes AGS, MKN28 and MKN45 in the presence or absence of recombinant human

IL-10 (rlL -10). Bacterial densities were assessed by viable count assays.

Immunofluorescence microscopy , flow cytometry, RT -PCR and western blotting  were

used to investigate the presence of IL-10R (IL-10RU and OR& subunits) on
gastric epithelial cell lines . An IL -10 Fluorokine Kit (R&D Systems) was also used to

quantify IL -10 binding onto gastric epithelial cells.

Results:  Addition of rIL -10 significantly increased the density of H. pylori cagPal

positive strains indirectly through effects on gastric epithelial cells. No such

differences were observed with cagPal negative strai ns. AGS cells expressed both

IL-10ORU anfiORAa constitut-lO®RAYy ebkptr eddi on was i ncrease

infection. Convers ely, the binding of IL -10 was decreased when AGS cells were

infected with H. pylori .

Conclusion:  This study highlighted a novel finding of constitutive IL -10R expression

in AGS cells. Interestingly, H. pylori infection of AGS cells downregulated the bindi ng

of IL -10 to its receptor. The higher level expression of IL -l10Ra following infect
was in opposition to this. Possibly IL -10Ra could be sequestered into ot
receptor complexes and therefore is not participate in IL -10 binding. These studies

have shown that IL  -10 has a more complex role in the interaction between H. pylori

and its host. The IL -10 response now also appears to influence the density of H.

pylori in the stomach, via cagPal-dependent effects on epithelial cells. More work

must be carried out to investigate the mechanisms behind this effect.
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CHAPTER 1.:
INTRODUCTION



1.1.Helicobacter pyloribackground.

1.1.1. History.

H. pylori was first discovered bRRobin Warren following his thregear observation of

small curved and-shaped bacilli irsections fronil35 gastrichiopsy specimens. During
that time, this Grarmegative, flagellateRigure 1) and microaerophilic bacterium was
regarded as a new species related to the g€anspylobacterdue to is similarity in

morphology and physiology (Marshall & Warren, 1984).

Figure 1. The Helicobactermylori (Image publishedin http://commons.wikimedia.org/wiki ).

Helicobactersn general are the indégous biota of the gastintestinal tract of virtually
all mammals from small rodents to dolphifidaser, 1998)H. pylori is consideredo be

the humarspecific inhabitanbf the stomacliBlaser & Atherton, 2004). This bacterium


http://commons.wikimedia.org/wiki

has only been seen in the gastric mucus layer and rarely invades the lamina propria and
gastric cells (Keet al,, 1999).H. pylori infection is predminantly acquired in childhood
(Banatvalaet al, 1993) andusually persists for the life of the hosinless treatment is

given(Blaser 1999).

This bacterium is very well adapted to survive in the Vershacidic and nutrienpoor
environnent of the ®mach It releases the enzyme urease to convert urea from the host
to ammonia which will raise the gastric pH surrounding its nidharshallet al, 1990)

It also avoids contact with the acidic gastric juice tssng the thtk layer of the mucus
lining of the stomach using its flagel|gatonet al, 1992) Once it reachethe host cells

it adherego the gastric epithelial cells using adhesion proteins such as BabA, SabA and
HpaA (llver et al., 1998) and finally secretefactors to initiate inflammation as well as

damaing the host cells

The actual route of transmission fbl. pylori is unknown but it ismore likely to be
through gastraoral contact as a higher rate bf pylori infection was found to be
associated with history of vomiting in siblingsuzzaet al, 2000) Although live H.
pylori has been isolated from human fae€Esomaset al, 1992) this is rare and the
faecatoral route is unlikely to be a common mode of transmis@idadaty et al., 2003)

It may be significant, howevemicertain areas which lack good sanitary practices
(Moreiraet al, 2005)and there is also some evidence for thasrfranimal studief_ee &

Kim, 2006) Some researchers have also proposed a prgmarson transmission such

10



as from mother to childEscobar & Kawakami, 2004)through unhygienic food

preparation oH. pylori-contaminated wat§Ahmedet al, 2006)

Invasive and noinvasive tests have been used to detect the presemtepgfori in an
individual. Invasive tests such as bacterial cultuBzsnpylobactetike organism (CLO)
test and histologyra based on gastric biopsy samp(ese et al, 1990) The currently
used norinvasive tests include rapidC-urea breath test (UBT), fecal antigen test and
serology. The UBT, which is the most commonly used, isghbto be the most reliable
method of detection with overall accuracy of almost 9®%to et al, 2004) This test
requires the patient to ingest urea wWite or **C instead of normal 12C and if present,
urease enzyme will hydolyse the urea to give outlledbecarbon dioxide which will be
deteced in breat{Bell et al, 1991) The fecal antigen test is normally usedd&iectH.
pylori in children and the serology test is usually applied for large case stBdibsof
these tests are based on enzymieed immunosorbent assaBrown, 2000; Kabir,
2001) A single norinvasive test may give a falgmsitive result and therefore should be

confirmed with another te¢hurgalievaet al., 2006)

The first choice of treatment fod. pylori-infected indivduals would be the triple
therapies composed of a proton pump inhibitor (PPI) and two antibiotics (clarithromycin
and amoxicillin) (Malfertheiner et al, 2007) Sometimes, a quadruple therapy is
administered if infection still persists after triple thergp'gldhuyzen van Zanteet al.,

2000) This is using a combination of a PPI, bismuth substrate and tvieredif

antibiotics.
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1.1.2. Epidemiology.

H.pyloihas been known to infect half of the
& Crabtree, 2007). In Western countrissich as the USA, the prevalencetbfpylori
infection was not more than 30% for imdluals below the age of thirty years and more
than 75% of those above the age of 60 yé@rsahamet al, 1991) Theremay also be
differercesin prevalence in different parts tfie samecountry (AlpizarAlpizar et al,
2005; Palliet al., 2005)and these may baue to differencein sociceconomicstatus,
since poor and crowddiving conditiors especiallyduring childhoodare associated with
increased infection rate@alaty & Graham, 1994)H. pylori prevalence in Western
countries is now decreasi{goosendaaét al, 1997)and this is thought to be due to
improved living standards, good hygiene practiBehnbergLaiho et al, 2001) less
crowdedliving conditionandthe common use antibiotics in children(Banatvalaet al,

1993)

In Asia, the rate oH. pylori infection is very high but the occurrence of gastric cancer,
which is associated with the infection, is different between regions. Less developed
countries such as Thailand and Indoneseknown to have a very high incidencetéf

pylori infection but the riskof gastric cancer development is very lowthese countries
Whereas, countries such as Japan and China havelhmhori infection rates as well as

high gastric cancer occurren@atsukuraet al, 2003) This puzzling scenario, termed

the Asian enigmgMiwa et al, 2002)was initially thought to be due to the presence of
lesspathogenic strains in areas withw gastric cancer rates. However, pathogétic

pylori strains were also found in those countries with low gastric cancer(kKatesr et

12
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al., 1998; Singhet al, 2003) Other possible reasons may be variations in the host
response, polymorphisms in the host genetic reservoir, dietary and other environmental

factors (as reviewed by Singh & Ghoshal, 2006).

A similar phenomenon, called the African enigma, was also faurAfrica whereH.

pylori infection is ubiquitous, but gastric adenocarcinoma was rare in some countries
(Holcombe, 1992) However, data collected from prospective endoscopic studies in
African populations has shown that the actual associatiéh pylori infection rates and
disease outcomes is actually similar to those seen in industrialised ies(Agha &
Graham, 2005)The authors suggested that this couddue to the selected African
populations being biased towards those who have very limited access to health care and a

shorter life expectancy. This may be another possible reason for the Asian enigma.

1.1.3.H. pylori-mediated diseases.

1.1.3.1. Gastrodwdenal diseases.

a) Gastritis.

During gastric mucosal colonisatiad, pylori adheres to gastric epithelial cells by means
of adhesion molecules. Bacterial factors such as the CagA p(ktaitureket al., 2000)

are inserted into host cells which will eventually initiate a-ipfmmatory response.
Immune cells and lymphocytes are drawn towards the inflamed epithelial cells. This

chronic gastritis (persistent inflammation of the gastricosa) is the initial stage which

13



preceeds the development of peptic ulcers, gastric cancer and MALT lymphoma (Graham

et al.,2004).

Acute gastritis is rare but has been reported from individuals who deliberately ingested
pylori (Marshallet al, 1985; Sobala&t al, 1991) These individuals showed symptoms
such as fullness, nausea and vomiting. Asymptomatic chkbnpylori-gastritis is more
common, but only in a minority of cases will this develop into disease such as peptic

ulceration. This is depends on the distribution of gastritis and acid level (Figure 2).

Acid Type of Gastric/duodenal Clinical
secretion gastritis histology condition

/corpus
* Atrophic ’ Gasdtrlc ulcer
gastritis and gastric

cancer

Low acid
production

pangastritis

Chronic
gastritis
H. pylori
Gastric
High acid metaplasia in
i duodenum
production Cuodenal
ulcer
duodenum —| antrum

antral-predominant
gastritis

Figure 2. Gastritis pattern and disease outcome.

H. pylori-chronic infections in humans generally cause asymptomatic chronic gastritis. However, bacterial
colonisation in the antrum contributes to anfregdominant gastritis which results in highdaproduction.

This leads to gastric metaplasia in the duodenum thus duodenal ulcer. Colonisation in the corpus
predisposes to pangastritis (or cormuedominant gastritis) which results in low acid production and
eventually the occurance of gastric uloeigastric cancer (@apted from Kusterst al.,2006)
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b) Peptic ulcers (duodenal and gastric lgers).

Approximately 90% of duodenal ulcers and 70% of gastric ulcers are attributable to
infectionby H. pylori (as reviewed by Ernst & &d, 2000). A study @rformed in a large
series of patients in Italy has confirmed th4t pylori infection is associated with

duodenal ulcer (Zambaet al, 2005).

The pattern ofH. pylori-gastritis and the level of acid load are very important to
determine the site of ulceH. pylori normally colonises the gastric antrum because the
corpus has a higher number of asi&treting parietal cells and thus a high production of
acid (as reviewed by Kusteet al., 2006). Antralpredominant gastritis suppresses D
cells from producig somatostatin and induces G cells to secrete g&Ztwroset al,

2003) Gastrin is a gastric hormone which induces gastric acid secretion. Somatostatin
suppresses gastrin production. Hypergastrinaemia stimulates hoglicgon of acid

from parietal cells in the corpus. Over time, high acid levels will be delivered into the
duodenum and damage its epithelial cells. Gastric metaplasia (replacement of the
duodenal epithelial cells with those of a gastric type) occurstenduodenum can then

be colonised byH. pylori causing inflammation and eventually duodenal ulcer (DU)
(Robinson & Atherton, 2009). Thus, DU is associated with an agdmrainant gastritis

(Thamet al, 2001)

For some reason, acid secretion may be impairedyme individuals an#l. pylori may

colonise the corpus leading to corppiedominant gastritis or pagastritis. This type of

gastritis leads to hypochlorhydria, and hypergastrinaemia occurs, which in turn leads to

15



increased prevalence of atrophy and intestinal metapi@&i®mar et al, 1997)
Hypochlorhydria may be caused by the presence offfl@mmatory cybkines such as

IL-1 b which ar e (Bealesd Calanp 1PO98Rsophy nauses the loss of
acid-secreting parietal cells and further reduces the acid level. Hypergastrinaemia was
found to correlate with production of COX (Kontureket al, 2000) expression of anti
apoptotic proteins(Hartwich et al, 2001) and also induction of epithelial cells
proliferation (Wang et al, 2000) Thus, the combination of the increased rate of cell
proliferation with less apoptosis in the presence of BiNdnaging compounds, increases
mutation levelsand eventually the risk for carcinogenesis (as reviewed by Fox & Wang,

2007).

c¢) Gastric adenocarcinoma.
In 2007, 13% of all dea#in that yeamvere attributable to cancer wittosnach canceis
the second mosfrequent cause of cancassociated deathsaeported by the World

HealthOrganiation (WHO) fttp://www.who.int). Gastric cancer has an extremely poor

prognosis the 5year survival rate is less than 2Q@enitagoyaet al, 1998) H. pylori
wasclassifiedasa group lhuman carcinogen by the International Agency for Research
on Cancer (IARC)1994) SinceH. pylori infection is known to be the first stage

gastric carcinogenesistudies related tbl. pylori pathogenesiarevery important.

Strong @idence supports the hypothesis thlatpylori infection is closehlinked to the

occurrence of gastric cancer. A study showed that only those infecte# witHori had

gastric cancer cancer but not uninfected individ{idlsmuraet al, 2001) The bngterm

16
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effect of H. pylori gastritis on the gastric mucosa is also a significant risk factor for
development of atrophic gastritis and intestinal metaplasia (Kugiesls, 1995)which

are the precursors of gastric cancer formatidmns was further supported by the fact that
antibiotic eradication oH. pylori before the appearance of gralignant pathology,

could prevent carcinogenegonget al, 2004)

Correads moa gpe gastfic carcinbgeresisi suggested that the initial stage
towards gastric cancer is changing of the gastric mucosal morphology from normal to
superficial gastritis and this is wheke pylori infection intervenes. This then lead to
gastric atrophy l¢ss of glands), which resulted in intestinal metaplasia, followed by
dysplasia and eventually gastric can¢€orrea, 1992) However,H. pylori infection

alone is nosufficient to cause gastric carcinogenesis. Other factors such as excessive salt

intake and smoking may play a role.

d) Gastric mucosaassociated lymphoid tissueMALT ) lymphoma.
Lymphoma, as the name indicates, is a form of cancer that affects immis)ethee
lymphocytes, and can be categorised as Hodgkin lymphoma adodgkin lymphomas

(http://www.lymphomation.org/aboutNHL.hjm NorntHodgkin lymphomas can be

further divided into Bcells, T-cels and Natural Killer (NK) cells neoplasms. The WHO

has renamed | ow grade gastric B cell Il 'y mphoa
lymphomas of mucosassociated lymphoid tissue but the short term MALT lymphoma

was retained. Low grade gastric MALT lyngohas could be transformed to high grade

which have a lower prognosis than low gré@eanet al,, 1990)
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The normal gastric mucosa has no lymop tissue but the vigorous immune and
inflammatory response to chronid. pylori infection could induces lymphoid follicle
formation(Stolte & Eidt, 1989) This may eventually lead to the development of gastric
MALT lymphoma (Eidt et al, 1994). Furthermore,H. pylori infection also promotes
expansion of the transformed cells, as shown innawitro study where heat killedH.
pylori increased the growth of lymphoma cdl3Elios et al, 1999) It has been found
that complete reduction of the lymphoma can be achieved. Ipylori eradication alone

in many cases, provided thahe lymphoma has not spread beyond the stomach

(Montalbanet al, 2001)

e) Others.

Vitamin B-12 (cobalamin)deficiency has been suggestedtoconnecteavith H. pylori
infection. Cobalamin malabsorption is affected by low acid level in the stoiffaatires
et al, 2004)and H. pylori-associated gastritis canitiate the change of acid level
study on a group of Finnish elderly makhowed thatn vitamin B-12 deficiency cases,
75%hadcaused byH. pylori-induced atrophic gastritis (Sipponenal, 2003). Kaptaret
al. have detectedH. pylori in 56% of patents with vitamin Bl12 deficiency and
eradication of the bacterium has corrected vitamiti2Bevel in 40% of those infected

(Kaptanet al.,, 2000).
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1.1.3.2. Extragastric diseases.

H. pylori has also been linked to extragastric diseases including idiopathi
thrombocytopenic pypura, ischemic heart disease, hepatobiliary diseases rand i

deficiency anaemia.

H. pylori may initiate autoimmune diseases such as idiopathic thrombocytopenic purpura
(ITP) through the production of autoréi®e antibodies via BL cell activation
(Yamanishiet al, 2006). ITP is a #&matological conditionvhere there is destruction of
platelets through autmnmune mediation(as reviewed by Franceschi & Gasbarrini,
2007). It has been reported ththe levels of these autoantibodidscreased afteH.

pylori eradication (Kohdat al, 2002) ancelimination ofH. pylori from ITP patientsis
effective (Satakeet al, 2007). In some cases, ITP may not be directly induce#i.by
pylori infection but by an antibody produced by MALT lymphoBaells (Nodaet al,

2004).

Iron-deficiency anaemia (IDA) is anotheadmatological condition that hasconnection

with H. pylori infection This is thought to be due to bleeding ulogssbertet al, 2007)

but H. pylori-associated IDA was not reported to have gastrointestinal blegskmkeret

al., 2008) Thus, the most likely reason for this connection would be that iron absorption
is disturbed by reduced levels of gastric acid and ascorbic(Aoiibale et al, 2003)
which is needed in iron uptakel. pylori eradication has helped to cure this condition
without the need to continue oral iron treatment in 10 out ¢1.1dylori-positive patients

(Hershkoet al, 2007). The elimination 6this bacterium has been proved to enhance the

18



efficacy of ferrous succinate therapy in IDA patients with chronic gastritis (Chen & Luo,

2007).

Mendall et al. werefirst to suggest that there was@nnection betweeH. pylori and
atherosclerotic diseases (Mendgtllal, 1994) and this was supported bgtady showing
that patients with ischaemic heart disease had a higher prevalebagMpositive strain
infections (Pasceriet al, 1998). Little evidence othis association wafund in other
studies(Stoneet al, 2001) but a@ew serological studiebavereported that there is an
association betwedd. pylori infections, especiallgagA-positive strais, with the risk of
coronary heart disease in middle aged white men (@tiah, 2000; Singhet al,, 2002).
The link with atherosclerosis remains controversial althotiglas been reported thit
pylori can cause damage the wallsof blood vesseland cause inflammation (Kowalski
et al, 2001). H. pylori infection is also repoed to beone of the risk factarfor the
development of cardiovascular diseases (CVD) among Korean adults€Sain@005).
This was supported by association of antibodies aghinglylori-heat shock protein 60

(H. pylori-HSP60) and CVD risk facteOkadaet al, 2007).

A link betweenHelicobacter infection and hepatitis @ssociatedcirrhosis has been
reported(Rochaet al, 2005).H. pylori DNA has been found in liver samples from
patients with hepatitis C virysositive cirrhosis with and without epataellular
carcinomaHelicobacterDNA was foundin 8 out of 20 liver samples from patientith

primary liver carcinoma (Huangt al, 2004).
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1.1.4. Determinants ofH. pylori disease outcome.

H. pylori infections do not always result in the developimef disease anthe vast
majority (8590%) of infected people remain asymptomatic. Who develops disease
depends orseveral factors including the virulenoé the infectingH. pylori strain, the
geneticsusceptibility of the host, environmental-factors such as smoking, diet and

concurrent infections (Atherton, 1997).

1.1.4.1. Major H. pylori virulence factors.

a) Cytotoxin-associated genécag) pathogenicity island (cagPal).

The cagPal is a region of DNA made up of about 30 genes which enadgpe V
secretion system (T4SShnfection with H. pylori strains possessing theagPal are
approximately twice a$ikely to lead to peptic ulceration and gastric adenocarcanom
CagA, a protein encoded Iblgis island, is injected into the epithelial cytosobtinghthe
T4SS (Fischer et al., 2001) and is used as a marker for the presence of the Pal
(Akopyantset al., 1998) Delivery of CagA is also triggered by interactionswesn

CagL, a specialized adhasencoded orcagP a | wi t kb, réceptoreog gagtn U

epithelial cells (Kwolket al.,2007).

The T4SS itself has been found to induce expression ehflaanmatory cytokines when
interacting with host cell§Segalet al, 1999)by a mechanism which does not involve
CagA butH. pylori cell wall components e.g. peptidoglycan instead. Peptidoglycan is

recognised by the host defence molecule, NOD1, and this leads-&oBNF act i vat i on
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(Viala et al., 2004) and increased expression of -pritammatory genes such as
interleukin8 (Holck et al, 2003). Other than CagA and peptidoglycan, this T4SS may
also translocate other important bacterial fac{@isristie & Vogel, 2000)with a role in
pathogenesis. The importance of ttegPal was demonstrated when itsletion or
disruption of several cag genes, blocked H. pylori-mediated induction of the
proinflammatory chemokine interleukin8 (IL-8) by gastric epithelial cellsin vitro
(Akopyantset al., 1998).This factor is an important chemoattractant for neutrophils and
lymphocytes Neutrophil infiltration inthe gastric meosa was significantly me severe

in patients who weranfected withcagEpositive strain compared tagEnegative strain
(Maedaet al.,2002). These conditions show that the presence ot#gPal makes a big

contribution towards induction of inflammati.

Upon its injection into epithelial cells via the T4SS, the CagA proteirdegnizedby

Src family kinaseqSteinet al, 2002)and phosphorylated at the tyrosine residues in
EPIYA motifs (Asahiet al, 2000) It is this phosphorylated€CagAwhich interacts with
hostsignalling moleculs, e.g. tyosine phosphatase SF¥2RHigashiet al, 2002) which

leads to changeis epithelial cell morphologyFigure 3). CagA proteins from different

H. pylori isolates vary in their tyrosine phosphorylation motifs (TPNSfein et al,
2002) An In vitro study reported thatl. pylori strains which deliver CagA with more
TPMs, induced more profound cytoskeletal changes to gastric epithelial ce({lAngent

et al, 2004) Strains producing CagA with more TPMs, increase its binding to SaiRl

thus incease the cellular effects. This was reported for Asian strains which were

associated with increase risk of gastric cafiéeumaet al, 2002)
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In addition, many reports show the linked between clinical disease outcome and presence
of cag The risk for the development oégtric cancer is higher in infection withcagA
positive H. pylori strain in comparison with eagAnegative strain (Blasest al, 1995)
Furthermore, CagA enhancpsoductionof reactive oxidative species (ROS) and might
induce oxidative stress to thesiric mucosa (Farinagt al, 2003). Infection witha
cagArpositive H. pylori strain is also associated with an increageevalence and

intensity of antral atrophy and intestinal metaplasia (Setzai., 1998).
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Figure 3. CagA interaction with host molecules and cellular consequences.

Once transported into host epithelial cells via the T4SS, CagA is phosphorylated and interacts s#ith SHP
the host signalling molecule. This interaction leads to morphological changes aifergifoh of host

cells. Other than CagA, peptidoglycan is also translocated into host cells and recognised by NOD1. This

promotesNFe B acti vati on and induces i nfétaln200§t ory r esponse
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b) Vacuolating cytotoxin A (VacA).

All H. pylori strains possessvacAgene(Phadniset al, 1994)and gproximately half of
them secrete an actixéacA protein (Leunket al, 1988) This protein is @oxin which
induces massive vacuole formatian epithelial cellsin vitro and reducesthe
proliferation of Fcells(Smootet al, 1996). It has beeruggested that this inhibition af

cell clonal expansion may allow. pylori to evade the adaptive immune response and
establish chronic infection (Sundred al., 2004).The toxin is capable of forming pores

in gastric @ithelial cells which transport interstitial fluids together with urea towards the
bacterium(Tombolaet al, 2001) In this way, the bacterium gains nutrients as well as
balancing the pH in its surrounding niche by converting urea to ammonia which
eventually helpsH. pylori to grow. VacA also ds by loosening the tight junctions

between cells and causes damage to the epithéefiticet al, 1999)

ThevacAgene is polymorphic and may contain s1 qris®r i2 and m1 or m2 alleles (
Figure 4). The i1 type has been closely linked with peptic ulcer diséBassoet al,
2008) Type s1/ml strains produeehigher level of cytotoxin activitin vitro than type
sl/m2 (Athertoret al, 1995) Several studies have shown th&ection by more virlent

and highly pathogenisl/ml strains ofH. pylori increase the risk of gastric cancer
(Enrothet al, 2000).Although s1/ml strains were associated with the disease, VacA is

not thought to act via inflammation but due to inducing tissue damage.
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[—Mature VacA Toxin—l
Signal peptide

) Autotransporter
o e (v
from bacterium) p37 _ p58 (bind.ing) during toxin export
subunit subunit from bacterium)
Type s1 Typeil Type m1 Fully active
D [ }/\i i I [ | Type s1/i1/m2 VacA
Type s1 Typei1 Type m2 Active, but binds to
narrower range of cells
[‘ ﬂ | I | Type s2/i2/m2 VacA
Type s2 \ Type i2 Type m2 \ Does not induce
vacuolation and forms
Changed signal peptide Type m2 binding pores inefficiently
cleavage site leaves subunit means VacA
N-terminal peptide which binds to narrower
renders VacA nontoxic range of cells

Figure 4. Polymorphism in thevacAgene.

Between strains, theacAgene inH. pylori varies in the s (signal), i (intermediate) and m (mid) regions.
The s region encodes the signal peptide (determines cytotoxic activity andflsgetetion) and may exist

as type sl or s2. The i region is located within the p37 subunit (also determines cytotoxic activity) and may
exist as type il or i2. The m region encodes part of the p58 binding subunit (determines binding to host
cells) and ray exist as type ml or mZype sl/i2/m2 is also exist and has similar activity with type
s2/i2lIm2(Adaptedfrom Atherton, 2006).

¢) Duodenal ulcer promoting gene A dupA).

This gene is present the genome sequence bf. pylori strain J99 as two ovegaing
genesbut is present as one open reading frame in most other stagingviewed by
Robinsonet al, 2007). ThedupA genewas found mostly to be connected with the
presence of peptic ulcers but not gastric cancer. In one study, this gesigmificantly
associated witincreased risk odluodenal ulcer buappeared to protect agairét pylori-

inducedgastric cancer in patients from South Korea, Japan and Colombiat (Bl
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2005a). Others have shown a significassociatiorof dupAwith peptic uter diseasein
an Iraqi population (Husseiet al, 2008) andthat dupA positive strains arénversely

associated with gastric cancer in Iranian patients (Dousdgtli 2008).

In addition, a study in China recently showed that duodenal ulcer pdiahthie highest
prevalence otlupApositive strains compared to gastric cancer and gastric ulcer patients
(Zhanget al, 2008) However, m Brazil, dupApositive strains ar@ighly prevalentbut
infection with themwas notsignificantly associated with gastric cancer or duodenal
ulcer, both in adilts and children (Gomest al., 2008).Importantly,Lu et al.showed that
dupA+infections are associated with increased levels & Ih the gastric mucosa and a
more severe neutrophil infiltratiofu et al, 2005a). This indicates that the high ridk o

disease is driven by induction of inflammation.

d) Outer inflammatory protein (OipA).

The oipA gene can also induce 4 expressiorfrom gastric epithelial cells (Yamaols
al., 2000). The presence of OipA is correlated with duodenal ulceration (Yaratak,
2002) and gastric cancer (Yamaaiaal., 2006). Additional evidence of the importance
of this genecomes from the fadhat anoipA knockout mutanstrain ofH. pylori failed to
colonise Mongolian gerbils (Akanung al.,2002) andt induced laver levels of gastric

inflammation in mice than its wiltype parent (Yamaoket al.,2002).
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e) Other outer membrane proteins.

Multiple H. pylori outer membrane proteins can medibtepylori adherence to gastric
epithelial cells. Examples of these ois are BabA, SabAlpaA Ompl8, AlpA, AlpB

and HopZ. BabA (blood group antigen binding adhesion dke of the mosstudied
adherence facter binds to Lewis B blood group antigemvhich is found on epithelial

cells (Ilveret al, 1998). It facilitate$d. pylori colonization and increaddL -8 responsg,

which in turn increase mucosal inflammation (Reidal, 2002). SabA (sialic acid
binding adhesion) expression was increased in strains obtained from patients with gastric
cancer, intestinal metaplasiasgigc atrophy (Yamaokat al, 2006). Interactiosibetween
bacterial adhesion and a host receptor can alter disease outcome in an animal without
affecting colonization levels (Guruget al, 1998).If certain H. pylori strains adhere

more strongly to thedst cells, then toxins or other effector molecudas be efficiently

delivered to the cells which maycrease théevel of damage anthflammation.

f) HP-NAP.

HP-NAP is another factor thatan activate netrophils HP-NAP activates mast cells to
releag the contents of granules and the-ftammatory cytokine IL6. These factors
can then recruit monocytes and neutrophils to the site of infection (Monteeitualo
2002). The gene for thid. pylori neutrophilic activating factor is callathpA (Evanset
al., 1995)and is ableo induce neutrophils to adhere to endothelial cells (Eedra,,
1995). It can also mediate the binding Hbf pylori to cell surface via interaction with

carbohydrates (Tenebegg al, 1997).HP-NAP has also been found to uck a strong
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Thl response, induces neutrophils to produce reactive oxygen species and thus increase

inflammation level as well as damaging host cgentecucco & de Bernard, 2003)

1.1.4.2. Host genetics.

Inflammation caused bi¥d. pylori infection is mediated by an array of prand ant
inflammatory cytokines (as reviewed by Lochhead &Jhar, 2007). Individuals with a

more praeinflammatory genotype are at more risk of developing disease as a consequence
of this infection. Singlenucleotide polymorphisms in several genes encoding pro
inflammatory cytokines can influence the clinical outcome ofHheylori infection (as

reviewed by Algood & Cover, 2006).

A group of researchers have reported that gene cluster polymorphisms suspected of

enhancing productionof L b ar e associ ated wi Hlpyloa-n i ncr ec
induced hypochlorhydria and gastric cancer -Qhar et al, 2000) These

polymorphisms were also assoc@t@ith more severe irdimmationand an increased

prevalenceof intestinalmetaplasia and atrophic gastritis (Retdal, 2004). In addition,
polymorphisms thiienhance the expression of TAFare associated wittan increased

risk of gastric cancer development (Machagtoal, 2003), and duodenal and gastric

ulcers (Zamboret al, 2005).IL-8 gene polymorphism has also been reported to play a

role in the severity of gastric inflammation. Thie-8-251T allele is associated with

increased production of 1B intheH. pylori-infectedgastric mucosa (Leet al, 2005).
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Polymorphisms in a range of other genes (e.g-1LF, IL-7R IFNGR2 and TLR4) are
also reported to be associated with increasddof gastric cancer and itsgeursors (as

reviewed by Lochhead & EDmar,2007).

Polymorphisms in théL-10 gene are also important in modulating disease outcome. This

will be discussed in detail in section 1.4.5.1.

1.1.4.3. Environmental factors.

Other than host genetics and bacterial virulence factors, environmental factors such as
smoking and diet can also contribute to the development of gastritis, peptic ulceration and

gastric cancer.

Cigarette smokindnas been linked to many diseases including gastric cancer and peptic
ulcers (as revewed by Sherman, 19R1A study conducted in Vemaela has reported

that people whowere current smokersr had smoked previously had significantly
increased risks of intestinal metaplasigsplasia angremalignant pathologgKato et

al., 2004). Tobacco smoking has also bassociatedavith a higher isk of gastric cancer
(You et al, 2000) and risk of duodenal ulceration (Maeinal, 1989)for those infected

with H. pylori.

Although diet does not play a major role in duodenal disease, greater consumption of
fresh fruits and vegetables has beennghto protectagainst risk of gastric canceén the

study of Mayneet al. antioxidants such as vitamin C have been shown to have an inverse
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association with the risk of noncardia gastric carcingkhayneet al., 2001) A vitamin

C dietary supplement maylso protect from progression of gastric mucosal atrophy
(Sasazukiet al, 2003). Howevera high salt intakeand especiallyhigh dietarynitrite

from meatis directly associated with noncardia gastric cancer risk (Mayra¢, 2001)

Researclthas also fond that excessive intaled sodium chlorideaugmens colonization

of H. pylori in mice and humansvhich would in turn aggravate gastritis (Fek al,

1999) Others haveobsered a dosalependent increase gastric cancerisk with the

consumption of higly salted food such as salted fish roe and salted fish preserves among
middle-aged Japanese men and women (Tsugar, 2004) Furthermore, digh salt

diet increases the exprassiof interleukinl b i n t he gastimvuito epit he

(Zhanget al, 2006).

1.2. Host response.

H. pylori infectioninducesvigorousinnate and adaptive immune responses but the host is
still unable to clear therganism from the mucosaa&tric githelial cells, the firstine of
defeng during H. pylori infection, express a number of inngpattern recognition
receptors(PRRs)such as TLR2, 4, 5 and 9 (as reviewed by Lee & Josenhans, 2005)
which recognise bacterial components such as flagellih lipopolysaccharide (LPS)
NOD1, an intracellular pattermecognition molecule that specifically responds to
peptidoglycan productss activated by cell wall componenf H. pylori which enters
gastricepithelial cellswhen thecag T4SS penetrates thellse(Viala et al, 2004. TLR2

could also respond to peptidoglycan but not freimpylori (Travassoset al, 2004)
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Activation of PRRs on gastric epithelial cellsads toexpres®on of pro-inflammatory
factors such as interleuk (IL-8) (Holcket al, 2003) Many of these molecules aas$ a
chemotactic factor for neutrophils ahanphocytes, which also respond kb pylori by
producing further pranflammatoryfactorssuch as IFNb  a n bacterialeffactorssuch

as defensin

1.2.1. The gastric mucosal barrier.

Gastric mucosa is protected by a thick layer of mucus comprised mostly of epithelial
mucins MUC5AC and MUCgTaylor et al,, 1998) H. pylori swims through this and can
interact with other mucins e.g. MUC1, which is expressed on the surfabe gdstric
epitheliumcells (Linden et al, 2004) H. pylori infection can alter the expression levels

of some mucin genes. In a study by Wang and Fang, gastric cancer patienks. with
pylori infection had lower expression of MUC1, MUC5AC and MU higher MUC2
expressionWang & Fang, 2006)MUC2 is normally expressed in intestif&@arratoet

al., 1994)but its present in the gastric mucosa is a marker for intestinal metafBasia

et al, 2006)

MUC1 is a large, @avily glycosylated mucin expressed on the apical surface of a variety
of epithelia including the mammary gland, gastrointestinal, respiratory, urinary and
reproductive tract (as reviewed by Gendler, 2001). Recently, the epithelial mucin MUC1
has been demmstrated to limit the level ofi. pylori colonization in the mouse gastric
mucosa (McGuckiret al, 2007) by acting as a releasable de@lapden et al, 2004)

The binding ofH. pylori to MUC1 depends on the size of the MUCL1 variable number of
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tandem repeats (VNTR) domain as well as bacterial pathogenicity. It was found that
larger VNTR regions and infeon with a more pathogenic strain increased adhesion
(Costaet al, 2008). The most likely reason for this is that larger VNTR regions may

provide more sites fdf. pylori adhesion factors to bind.

The MUCL1 extracellular domain is highly polymorpti@endleret al, 1990)and the
presence of different alleles of this membrane glycoprotein affects susceptibility to
gastritis. It was found that the shorter the alleles of MUC1, the more risk of acquiring
gastritis (Vinallet al, 2002) and gastric cancé€arvalhoet al, 1997)for that specific
individual. What is more, mice deficient in MUC1 hadfodd higher H. pylori

colonisation densities and developed atrophic gastritis (McGetkah, 2007).

Another important molecule that is expressed on gastric epithelialdteingH. pylori
infection is B#H1 (programmed death ligand) (Daset al, 2006). The B7 family
provides signal that is very important for stimulating and inhibiting T cell activation (as
reviewed by Coyle & GutierreRamos, 2001). When the gastricithplial cells are
infected with H. pylori, naive T cells can develop into regulatorycdlls with a
CD4+CD25+FoxP3+ phenotype and this depends upon expressionHif EBeswicket

al., 2007). Upregulating the expression of this molecule may tlpylorn to inhibit T

cell responses in an indirect way.
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1.2.1.1. Gastric cytokines and inflammatory cell infiltrates.

Cells of the gastric epithelial layer, the first line of defense duringylori infection,

secrete cytokines and chemokines which stimuldie migration of granulocytes,

monocytes and lymphocytes into the inflamed mucosa (as reviewed by Robtrsign

2007). Increased expression of the chemokine receptor CCR4 on antral CD4+ T cells

from infected compared to uninfected stomach mucosa tissuéden found (Lundgren

et al, 2005b)which guides homing of these cells to the stomé#eiall H. pylori-infected

subjects, leels of IL-8, IL-1 b, -6, IFN-o and TNFU ar e increased in
mucosa compared to uninfected healthy individuals (Lindhetral, 1998). Some of

these factors may be secreted by epithelial cells, but the source of many factors is the
infiltrating immune and inflammatory cells. These cells release cytokines in response to

encountering bacteria or bacterial components in the lamina propria.

IL-8 is one of the important factors that drive the influx of neutrophil towards the

infected cells andhe anount of IL-8 expressedby gastric epithelial cells in response to

H. pylori is sufficient to induce netdphil chemotaxis (Yamadat al, 2001).Both in

vivo andin vitro studieshave shown increaddevels of IL-8 in association withi. pylori

infection (Kim et al, 2001; Reret al, 2001 Seoet al, 2004; Robinsoret al., 2008.

Higher serum IE8 hasalsobeen seen in gastric cancer patients than in centrithiout

gastric cancer o. pylori-infected controls (Konture&t al., 2003). The induction dt.-

8 expression is thought to be mediatacbugh NFe B and act 4l APt)or prot e

(Chuet al,, 2003).
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Neutrophils are generally the most abundant cells that populate the infected gastric
epithelial cells. HoweverH. pylori evades the killing and phagocytosis activity by
neutrophilsH. pylori strains, especiallgagPalpositive strains, could induce neutrophils

to produce reactive oxygen species (ROS) and therefore cause tissue damage (as
reviewed by Allen, 2001). Other than being phagocytes, neutrophils also produce
inflammatory cytokinesn response tél. pylori infection, suchas H8,1L-1 b and) TNF
(AlvarezArellano et al, 2007) A study demonstrated that, wild type and neutrephil
depleted mice have similar intensities of gastric inflammation indicating that neutrophils

may play a minor role in the response-opylori infection (Ismail et al,, 2003)

Macrophages are another setimimune cells that mediate phagocytosis Butpylori

also avoids killing by these cells. However, it was found that the type Il strains, which are
cagPaknegative, could be rapidly engulfed and killed by macrophages compared to
cagPalpositive type | strais. The type | strains were found residing in megasomes, a
combination of phagosomes of cultured macroph#géien et al, 2000) H. pylori has

been reported to invade the lamina propria and be captured by macrofitagesal,

2008) Another possible strategy @i. pylori to persistently colonise its hos by
inducing arginase from macrophag@sobert et al, 2002)to counter the activity of

inducible nitric oxidase (INOS) also by macrophafaset al., 1999)

Dendritic cells (DCs) are potent connectors between the innate and adaptive immune

responsg because they can capture, process and present the antigen especiaéilso T

(as reviewed by Banchereatial.,2000). It was found that immature DC from eitler
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pylori-positive or H. pylori-negative human donors could be activated Hypylori
(Kranzeret al, 2004)for example by inducing H12 production by these cells (Guinety
al., 2003). It is still unclear howd. pylori actually interacts with DCs, but bokh pylori
and DCs were found to manipulate epithelial tight junctions. It has been suggested that
DCs could open up tight junctions in the gastric epithelium and project dendrites between

cells to sample bacteria from the lumenal sur{&escigneet al, 2001)

1.2.1.2. Reactive oxygen and nitrogen species.

In chronicH. pylori infection, there is usually a persistgastric neutrophiliand this is
thought to be particularly important in pathogesesiirough release of damaging
inflammatory mediators such as reactive oxygen species (ROS) (as reviewed by
Robinsonet al, 2007).H. pylori-induced tronic gastritis is thenitial step towards
carcinogenesjssince prolonged exposuod the tissue tdROS causes DNA damage and
leads to mutatiorfFarinatiet al, 1998) . -BHrE tbnsaeretb bethe main
oxidative stress markethattrigger increaselevels of ROS (Augusteet al, 2007). Xuet
al. identified one source of oxygen radicais human gastric epithelial cell® be
hydrogen peroxide (¥D,). This is specifically producedia H. pylori-induced spermine
oxidase activityandresulted in apoptosis and DNA damage @l 2004). Superoxide
(Oy) is another major source of intracellular RGS (eviewed bymlay, 2003). When
variousH. pylori strains were used toinfect primary culture of human gastric musal
cells, the CagA protein wdeund to play an important role the induction of oxidative

stress and DNA damage (Bagéhial, 2002). This was confirmeith vivo wheregastric
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biopsies from patientsinfected with cagApositive H. pylori had higher scors for

gastritis and greater oxidative DNA damage overall (Faretadl, 2003).

In addition, ritric oxide (NO) generated by the enzynieducible nitric oxide synthase
(INOS) during inflammation may also injure gastric epithelial ceN© has antimicrobial
activity and can inhibitgrowth of viruses, parasites and Grapsitive organismdy
causing DNA damaggas reviewed by Jaiswat al, 2001).However, too much exposure
to NO is lethal ér cells andcontinued release of N®y the tumarr cellsis reported to
promote tumaur growth (Jenkinset al, 1995). NO plays several roles in cancer
development: an endogenous mutagen; an angiogenesis factorenhancerof
protooncogene expression amad iahibitor of apoptosis (as reviewed by Jaiswalal,
2001).INOS expression iH. pylori-stimulated gastric epithelial cells is thought to be

regulated byNFe B act i vetali200d). ( Li m

1.2.1.3. Cyclooxygenasg (COX-2).

Cyclooxygenase (COX) is a rate limiting enzyme in the synthesis of prostaglandins and
existsinitially in two isoforms, COX1 and COX2 (as reviewed by Konture&t al,

2005. A third isoform of this enzyme, COX has also been characterizedOX
enzymes may beinhibited selectively or nonselectively by nonsteroidal anti
infammatory drugs (NSAIDs) (Chandrasekharanal., 2002) Prostaglandins have
diverse functions includingnaintaining mucodaintegrity and blood flow (Takeuchét

al., 1999). They also induce inflammation, fever and pain. Prostaglandinsalace

reported tdoe tumairogenic(Plummeret al.,1995)andmutagenic Boolbol et al.,19986.
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COX-2 is well known for itsrole in gastrointestinal carcinogenesis, dnhe growth of
tumours is markedly attenuated in COX deficient (COX%2™) mice but not in COXL”
or wild type mice (Williamset al, 2000). Chiadaet al. found that both COXL and
COX-2 are important in intestinal turamgenesis (Chuladat al, 2000). COX2
inhibition using its specific inhibitorsofecakib (Konturek et al, 2003) and celecoxib
(Steinbachet al., 2000), in clinical studies sigfitantly reduced the development of

coloniccancer.

In connection withH. pylori infection, COX%2 mRNA expressionis significantly
increased in patients with gastritis compared to uninfected patients with and without
gastritis (Fuet al,, 1999; Tatsuguu et al, 2000).H. pylori infection induce expression

of mMRNA and protein for CO32 via activation of NFe B aitime-dependent manner
(Kim et al, 2001). Meyeret al. reported that wheperipheral blood mononuclear cells
(PBMCs) were infected witiH. pylori, COX-2 is induced and prostaglandin i
produced (Meyeet al, 2003).Prostaglandin Eis reportedy involved in the proliferation

of human gastric cancer cells (Lmbhal.,2002).

1.2.2. Innate immunity and inflammation.

1.2.2.1. Pattern recognition receptors.

Generally,the initiation of innate immune response to bacterial pathogens begins when

the host recognizes the pathogens throlutghpathogerassociated molecular patterns
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(PAMPs)such as LPS, flagellins and DNAhe host uses pattern recognition receptors

(PRRs) to recognize PAMPs. In the caséHopylori infection, NODOL, the host PRR, is

activated byH. pylori peptidoglycan which enters gastric epithelial cells whenctge

T4SS penetrates the cells (Viada al.,, 2004). NOLL is encoded by the caspase

recruitment domain 4 gen€QARD4 (Stroberet al, 2006) Interaction of peptidoglycan

with NOD1 leads to activatondF-e B ( Fi gur e 5) which is the Kk
controlling expression of pranflammatory cytokines genes, including-8 (Chuet al,

2003 Fox & Wang, 200). The T4SS transports CagA into host cells and induces host

cell signalling which leadotNFa B a c t i veaB ivaansfoundNt& bactivated by

cagEpositive strains (Maedet al, 2002) further supporting the presencecaiy which

is essential to initiate inflammation

The other welknown PRRs are the Tdlke receptors (TLRs), a faily of 11 proteins
expressed on cell surfaces. TLRs are involved in the development of many pathological
conditions includingresponses tanfectious diseases, tissue damage, autoimmune &
neurodegenerative diseases and canaer réviewed byChen et al, 2007). TLRs
recognize a wide range of molecules and some of teeogniz Gramnegative bacteria
including TLR2 (recognizes lipoproteiand peptidoglycan TLR4 (recognizes Gram
negative LPS), TLR5 (recognizes flagellin) and TLR9 (recognizes bacterial By
motifs) (as reviewed by Algood & Cover, 2006). It has been suggested that TLR2 maybe
the dominant innate immune receptor for recognition of gastrointedtielidobacter

species (Mande#bt al., 2004).
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Figure 5. The induction of pro-inflammatory responsesby H. pylori.
When (i) peptidoglycan (PGN) or (iijhe CagA proteinaredelivered into inécted gastric epithelial cells
via a functional T4SS, they will be recognized by host molecuile®GN recognition by NOD1 leado

NFFeB activation. This activat i on -intesmctingiseringhréomeinei nt er act i
kinase (RICK). TheNe B compl exes are translocated in#8o the nuc
CXC-cheamoki ne | igand 2 (CXCLZ2) an ddefensir2 (hBM2) wilhbewupr ob i al pe
regulated. (i) Phosphorylated CagA protein triggarsignalling cascade that also leads to activation of

NFFeB as wel |l a sl (APel} and/exentaall IL-® expréssian by host lte (Adaptedfrom

Fox & Wang, 2007)
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There is evidence thatl. pylori-derived LPS is an importantirulence factor for

induction of gastritisH. pylori infection increasegevels of TLR4 located in both the

cytoplasm and athe apical surface of the epithelial celés (reviewed byChenet al,

2007). However, TLR4 stimulation By. pylori is weak and this he§H. pylori to evade

the immune response (as reviewed by Lee & Josenhans, 280%ylori infection of

epithelial @llsalsoinducesNFe B cel [ ul ar r es ponmsigs(Smith a TLR2
et al, 2003)and NF-a Bactivation is important for the induction of the inflammatory

response

1.2.2.2. Antibacterial peptides.

Antibacterial peptides are compounds used byhtds immune system to attack invading
pathogens. Their major killing mechanism is by disrupting microbial membrahese
compounds can also exhibit extracellular effects includimgpition of DNA, RNA or
proteinsynthesis as well as activating antimoioial enzymes thalegradecomponent®f

the microbe (Kindtet al., 2007). Defensins and cathelicidins are among the peptides

isolated from diverse sourgén the body

't has been s-tdefemsm 2 (hBER)tcan beuinteced b pylori infection
of the MKN45 cell ling, and thiswas restricted tagtrairs containng thecagPal (Wadaet
al., 1999) ActivationofNFe B i s essential fo2gaefWadast nducti o
al., 2001) which hasbeen detected in gastric cancers from patients Withpylori
infection (Ueharaet al, 2003) . On t he -defenkire t (hBbY rsd , huma

constitutively expresd by gastric epithelial cellsn vitro and in vivo, and not up
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regulated byH. pylori infection (O'Neilet al, 2000). It has beereported that hBE2 but

not hBD-3 expression is NOD#ependent (Boughaet al., 2006).

Besides defensins, cathelicidihavealso been found in relatioie H. pylori infection.

This is another group of antimicrobial peptide found in mammals (as reviewed by
Gennaro & Zanetti, 2000)it has been reported that the production of3A/human
cationic antimicrobial peptide 18 (hCAP18), the single known cathelicidin in man is up
regulat@ in the epithelium and gastric secretionHbfpylori-infected patients (Haset

al., 2003). This human cathelicidin has also been found elsewhere in the human body
such as the lung (Bakst al, 1998), in sweat (Murakanat al, 2002b) and in the oral

cavity (Murakamietal., 2002a).

1.2.3. Adaptive immune responses.

1.2.3.1. Humoral responses.

H. pylori infection induces strong antibody responses in the human gastric mucosa, both
in asymptomatic carriers and duodenal ulcer patidnta study, higherréquencies of

both IgA- and IgMsecreting cells are found in infected subjects compared to noninfected
subjects but there was no difference in numbers ofdg€eting cells (Mattssoet al,,

1998). This could be due to the difference in endothekapresion of adhesion
molecules directing trafficking of B cells to the inflamed gastric mudosaddition, the
presence of serum antibodies specific forpylori antigen was also reported and has

been utilised in a diagnostic t€&lindermannret al, 2001)
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However, production of antibodiesay damage the gastric inflammatory response and
hinder elimnation of the bacterigAkhiani et al, 2004) It wasreported that IgA together
with IL-10 hels H. pylori to evade hostesistance against infection (Akhiaet al,
2005). Furthermore, antibodies arennecessary for protectiprsince vaccination is

possible in B-cell deficient micgSuttonet al,, 2000)

1.2.3.2. Fcell responses.

The prominent type of -Cells during the immune response Ho pylori is the CD4+
T-cell but CD8+ are also present in the gastric muckHsaylori virulence factors a
able to alter the Tell responseFor example, VacA may reducecéll proliferation
(Smootet al, 1996)and impair the priming of immune responses by disrupting antigen
presentation(Molinari et al, 1998) Nevertheless, VacA can indirectly induce-1P
secretion which is needed for- Tell expansion(Gebertet d., 2003) H. pylori has
mechanisms for evading cellular immunity. Sokbepylori strains that are capable of
binding to Lewis antigens can interact with DCs and eventually block the development of
T helper (Th) 1 cells(Bergmanet al, 2004) H. pylori infection has caused the
up-regulation ofB7-H1 expression by gastric epithelial celldiich can suppress-adell
activity when engage(Daset al, 2006).The role of different Icell subsetsTable 1)

which are important iil. pylori-mediated disease is discussed below.
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Thl Th2 Thl7 Treg
Inflammation | More severe| Less severe Increased Suppressed
and ( DO Edti| (Smythieset neutrophil (Lundgrenet
pathology al., 1997) al., 2000) infiltration al., 2005a)
(Shiomiet al,
2008)
High levels | Peptic ulcers| Lack of peptic| Peptic ulcers Cancer
and disease | (Robinsonret ulcers and gastric | progression
outcome al., 2008) (Foxet al, cancer (Enarssoret
2000) (Mizuno et al., 2006)
al., 2005)
Successful Required Not required Required Inhibits
vaccination | (Tayloretal, | (Akhianiet (DeLyriaet efficacy in
2008) al., 2002) al., 2009) mice
(Watanabest
al., 2002)
Colonization | Reduced in | Increased in| Reducedin | Increased in
mice and mice (Foxet | mice(Shiomi mice
humans al., 2000) et al, 2008) | (Raghavaret
(Holck et al., al., 2003)and
2003) humans
(Robinsonret
al., 2008)

Table 1. T-helper subsets in connection withd. pylori infection (Adapted from Robinson & Atherton,
2009).

a) CD4+ T-helper cell response.

Many studies have reportedetimportance of CD4+ -Cells in the response td. pylori
infection. Theyare present in the gastric antral infiltratesHofpylori-infected patients
with duodenal ulcex (D'Elios et al, 1997). An increased number of CD4+ T céiisre

been found in thegastric antrum but not in the duodenum &f. pylori-positive
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individuals(Lundgrenet al,, 20058). CD4+ T-cells can be further divided into subsets of

T helper (Th) 1, Th2, Th17 and regulatoncé@lls.

Thl
The importance of Thl cells in modulatikg pylori-mediated disease was shown when
there was no induction of gastritis in mice deficient in this subset-c#ll$ afterH.

pylori infection (Eatonet al, 2001) This was supported by the finding that pylori-

i nfected Il FNo deficient mi c e i nduce | ess [

(Akhianiet al, 2002) Inaddit on, CD4+1 FNo+ ar e offCB4+most

cells duringH. pylori infection (Bamfordet al, 1998). A study in rhesus macaques
showedan increased prevalence lofF NQD4+ T cells during acutkl. pylori infection

(Mattapallilet al, 2000)

The presence of somH. pylori-virulence factors may have a role in skewing the
response towards Thl. Strains that possesdt@al andvacAwere correlated with the
induction of IL-12 in samples from patients with. pylori-gastritis (Takeshimaet al.,
2009) oipA gene was also found to promote the expressfohhl-associated cytokines
(Yamauchiet al, 2008) Furthermore, administration of HRAP was found to promote
Thl response as well as suppress Th2 responseviro allergy model(D'Elios et al,

2009)

Human response with Thl polarization showed a nsaneere disease outcome. Thl

cytokines (11 2 , | FNo and TNFU) , -4pwete found in safmples

44

pre

cyt ok



from antral biopsies of patients with peptic ulcésElios et al, 1997). Furthermore,
peptic ulcers as well as a more severe gastritis l#ged associated with an increase in
t he numb eecretomd Thl delN m the infected human gastric mucosa (Robinson

et al.,2008).

In addition, the presence of a Thl response is important for successfoylori-
immunization as shown with decrease number of bacteria colonising the gastric
mucosa of wild type but notthedL2 and | FNo2 deficien#H mice,

pylori (Akhiani et al, 2002; Tayloret al., 2008)

Th2

In patients with gastritis, a Thl respenwas found to predominate but for those with
gastric cancer and its related pathology, a Th2 response was strongly inducetl dRen
2001). The ability of Th2 or H4 deficient mice to be equally protected as wild type mice
after immunization and chalhge implies that a Th2 response is not required for
successfuH. pylori vaccination(Akhiani et al, 2002) However, a Th2 response is
needed to suppress inflammation as4lldeficient mice elicit a more severe gastritis

compared to wildype animalgSmythieset al, 2000)

Thl7
Thl7 is another important subset and was recently added in the studiespgtori-
mediated immune responses. WHe-17 deficient mice were infected with. pylori,

the levels of neutrophils as well as bacterial numbers in the gastric mucosa were found to
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be lower than in wild type micé&Shiomi et al, 2008) Together with a study showing
high IL-17 concentrationst gastric ulcer sites and correlations with8Lexpression
(Mizuno et al, 2005) these suggested that-II7 may promote neutrophil influx and
inflammation. This was also supported by a study which found increasdd IL
expression as well as neutrophitracting chemokines iH. pylori-infected mice
(DeLyria et al, 2009) Recent findings showed that -7 neutralisingantibody
administered to immunised anHelicobacter felis-challenged mice prevented the

clearance of bacteria and reduction of gastric inflammdi/@tin et al, 2009)

Regulatory T-cells(Tregs).
Tregs have suppressive effects on other cells and their associatiorHwiplylori

infection will be discussed withufther detail in section 1.3.4.

b) CD8+ cytotoxic T-cells.

Together with CD4+ Tcells, CD8+ TFcell responses have also been found in relation to
H. pylori infection but these have been studied much less intensively.bsenee of
CD4+ T cells inH. pylori-infected mice resulted in increasedstritis and influx of
CD8+ T cells indicating that CD4+ Tcells usually suppress the inflammatory response
to H. pylori (Tan et al, 2008).A study onsamplesfrom duodenal ulcer patients and
asymptomaticH. pylori carriers showeda substantial production of IFN, mainly by
CD8+ cells (Quidingdarbrink et al, 2001). This type of TFcells may also express
inflammatory cytokines such as-l7 (Carusoet al, 2008) They are mostly found as

memory cells in the gastric mucosathfpylori-infected individualfAzemet al,, 2006)
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In peripheral blood oH. pylori-infected duodenal ulcer patient, elevated levels of CD8+
T-cells were fond (Figueiredo Soarest al, 2007) However, one study contradicted this
finding where the presenad# CD8+ T-cells were correlated with neucer H. pylori

infection(Goll et al, 2005)

1.3. Requlatory T-cells.

1.3.1. Background and function.

T cells are an important componeritiee human adaptive immune respotwseél. pylori
and among these are the regulatory T cells (Tr8dss is a subset of mostg@D4+ T
cells which have sypessive effects on other cell typd$iere appear to be two main
types of Tregs depending on theitigin. The natural Tregs mature in the thyn(iNg et
al., 2001) while the inducible Tregs (Trl and Th3) arise from naiveells in the
periphery when stimulate@Chenet al, 1994) CD8+ Tregs also exist and fafito the

latter group(Steinbrinket al., 1999)

Tregs areoften characterised as CD4+CD28&ells, due to their ability to constitutively
express high levels ahe IL-2 R-thain D25 (Sakaguchiet al, 1995) They also
constituively express other markesach as cytotoxic T lymphocysmntigen 4 (CTLA4)
(Readet al, 2000)and glucocorticoienduced tumour necrosis factor (TNF) receptor

related protein (GITR) (McHugh et al, 2002) Severaltypes of Tregs express the
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transcription factorforkhead box P3FoxP3) whichis a vital regulatoof suppressive
gene expressioandis required for their development (Fonteredtal, 2003).However,
the Trl Treg subset was reported not to express FRBBcaroloet al, 2006) It has
been demonsttad that together with promotig the generation of Tregs, Fd&Rlso
suppresssthe activity ofpro-inflammatory cytokine expression and transcription factors
involved in T-cell activation such as nuclear factor of activatedells (NFAT) and
NF-aB (Bettelli et al, 2005). Theinducible Tregs, Trl and Bh are known tcsecrete
suppressiveytokines,for examplelL-10 (Groux et al, 1997)andtransforming growth

factor betaTGFb YNakamureaet al, 2001)

1.3.2. Mechanisms of action.

The subject of how Tregs work is a complicated matter as new factors and mechanisms
emerged recently. Firstly, Tregs may act through a couigeéndentmechanism as
shown by ann vitro study where Tregs were unable to suppress T effector cells when
separated by a permeable membrgéhaekahashiet al, 1998) Recent research has
investigated how Tregs initiate this type of mechanism. One possibility is that Tregs
induce apoptosis by depriving T effec cells of an important cytokine, 12 (Pandiyaret

al., 2007) However, some have found that failure to providelis not solely sufficient

to induce apoptosiéDuthoit et al, 2005) Other have suggestehat Tregs have high
expression of granzyme B which is used to kill target cells diréGho et al, 2007.

Tregs may also release adenosine nucleosides which can cause metabolic disruption of

their target cell§Boppet al, 2007)
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Secondly, Tregs have been found to act on T effector cells via interaction withtidendr
cells through CTLA4 or lymphocyte activation gene 3 (LAG3). CTi4Awas found to

be constitutively expressed on Treg@eadet al, 2000)and the suppression activity of
Tregs was reduced in the absence of CH ASerraet al, 2003) Alternatively,
suppression of T effector could be induced via dendritic cells through a
CLTA4:CD80/CD86dependent mechanis(Mellor & Munn, 2004) Another suitable
candidate, LAG3 has been found to be important for maximal Treg fung@dieang et

al., 2004)

Thirdly, Tregs may act on target cells by expressingleggry effector moleculeghich
are IL-10, TGFb  a n-85. IL-10 produced by Tregs was found to be important in
suppressing colitis, an Inflammatory Bowel Disease (IBD) (Asseetaal., 1999).
However, an adoptive transfer of allerggmecific Tregs induced production of-IlO
after allergen challenge, by CD4+ T effector instead of Tregs themg&leasleyet al,

2005)

Studies onthe role of TGBF pr oduc ed bhgr confussgls vitra, TGRbr at

was able to suppress [(LmhNtal, p005) A studyshowed by Thil
that TGFb i s needed for the expansion of Tregs
in vivo (Huberet al, 2004) However, CD4+CD25+ Tells could be induced in TGh

deficient mice and these cells stiktabit their suppressive activity in absence of FGF

(Mamuraet al., 2004)
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Another inhibitory cytokine produced by Tregs is the recently discoveredr fAc{85.

This has been found to be important for maximal suppressive activity and could suppress
T-cell proliferationin vitro (Collisonet al, 2007) Anotherin vitro study confirmed this

and showed that H35 could also induce Treg proliferatigNiedbalaet al, 2007) The

latter study also showed that-85 could suppress Th17 differentiation and, under certain

conditions, inhibitorexpand IFN pr oduct i onT-tels. CD4+CD25

1.3.3. Tregs and disease.

Tregs play a key role in preventing aller@ytelet al, 2003) autoimmunity(Caoet al,
2003) cancer(Sasadeet al., 2003) and harmful inflarmatory dseases such as IBD
(Assemanet al., 1999). Some studies repotthat Tregs downregulate immunity to
pathogens. Belkai@t al. showedthat an endogenous Treg response is responsible for
controlling the persistence dfeishmania majonn the skin afer healing in resistant
C57BL/6 mice (Belkaidet al, 2002). Others have shown that herpes simplex virus
(HSV) infection induced the immunosuppressive function of Tregs (Satvalg 2003).
Furthermore, filamentous hemagglutinin Bérdetella pertussisould induce formation

of Trl cells at mucosal surface to supprBssertussisnduced Thl response vivo

(McGuirk et al.,2002).

Patients with gastrointestinal malignancieend to havea higher proportion of

CD4+CD25+ T cells irtheir peripheral bloodSasadaet al, 2003). This has also been
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reported by Perronet al, who found significantly higher levels of Tregs in gastric
carcinoma tissue than in normal surrounding tissue (Pesbak, 2008). Furthermore,
FOXP3+ Tregs were present in significgntigher numbers amongst tumeiafiltrating
lymphocytes in gastric cancer compared to lymphocytes from normal gastric tissues

(Mizukamiet al.,2008). These indicate that Tregs may impair-anfiour immunity.

1.3.4. The relationship between Treqgs anH. pylori infection.

Unless treatedH. pylori infection usually persiss lifelong despite a vigorous immune
and inflammatory response.hif persistence maye established by inducing the
suppressive activity of Tregs$l. pylori infected patients have beeeported to have a
high frequencies of Tregs the gastric mucosahich dampen immunand inflammatory
responses (Lundgreat al, 20053. A studyfrom my research group found tHdt pylori-
infected gastric tissueontained greatly increased number ofgreells. A lowlevel Treg
responsewas significantly associated witthe presencef pepic ulcer diseasevhich
indicates that peptic ulcer disease occurs when there is an insufficient Treg response to
suppress inflammatiofRobinsoret al, 2008).It hasbeen shown thakregs can suppress
H. pylori-induced T cell responses anantitumour immunity, which probably
contributes tgersistencef the infection as well as uncheckianour growth (Enarsson

et al, 2006).

Goll et al. measurd reguatory cytokire gene expressian theH. pylori infected gastric
mucosaand found high levels of IL-10 expressiorwhich also indicates that IL-10-

secreting Treggplay a role inH. pylori infection (Gollet al, 2007). Higher numbsrof
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CTLA-4 positive mononuclear celEnd a higher level of TGB expression have been
foundin the lamina proprieof H. pylori-infected duodenal ulcer patients as compared to
asymptomatic carriers (Strombeegal, 2005).These Tregsvere demonstrated to have

suppressive activity on H8 production bygastric epithelial cells.

1.4. Interleukin-10.

1.4.1. Background and function.

IL-10is a potenimmunoregulatory cytokine and circulates as a homodimer consisting of
two tightly packed 16@&mincacid proteins (as reviewed by Opal & DePalo 0@ Its
gene is located on the human chromosome -Bf8And consists of approximately 5.2
kbp organized in 5 exons (Kimat al, 1992). 110 was first described as cytokine
synthesis inhibiting factor (CSIF) due to its ability to suppress cytokine systhres
certain T cells (Fiorentineet al, 1989). I-10 shares nucleic acid and amino acid
sequence homology with an uncharacterized gene in the Epsgirvirus genome,
BCRF1 (virallL-10) (Mooreet al, 1990).IL-10 is a member of a wider 4L0 family of
cytokines which includes H19, IL-20, IL-22, IL-24, IL-26, IL-28 and 1-29 (as

reviewed by Comminst al,, 2008).

IL-10 is produced by many cell typggluding B cells (Fillatreawt al, 2002), Tcells,

especially Tregs (Lundgreet al, 20095, monocyes andmacrophages (Edwardd al,
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2006) and dendritic cells (McGuirgt al, 2002) but not epithelial cellsA study using
IL-10-deficient mice showedthat Tregs ar@nimportant source of H10 (Sydoreet al.,
2008). The production of IE10 from immatire dendritic cells can promote the
differentiation of CD4+ T cells into Trl Tregs which expressl. (Levings et al.,
2005). Initially, only T helper (Th) 2 cellsvere known to produce 110 (Gazzinelliet
al., 1992) butrecently Thl cells werereportedto produce 1:10 (O'Garra & Vieira,

2007)

IL-10 and IL-10-secreting Tregs are known to be important for preventing disease in the
gastrointestinal tract. A study reported that-1Q was strongly expressed by
intraepittelial lymphocytes in the small intestine and colonic lamina propria lymphocytes
after multiple T cell receptor stimulationKgmanakaet al.,2006. Kullberg et al. have
shown that 110 produced by Trtells can suppress ThderivedIFN-2 expression in a
mouse model of IBD usinf. hepaticusnfection (Kullberg et al, 2002).Their work also

reported that those Tregs subset inhibitedhepaticusnducedcolitis.

Furthermore, 1E10 could alsocontrol inflammatory responses towards intestinal antigens
(Assemanet al, 1999)and epithelial damage in ulcera& colitis (van der Sluiset al.,
2008).In addition, the constitutivelgxpressed 1110 by human normal colonic mucosa
is important in preventing intestinal barrier disruption trgrsg IFNNO 1 e s [@Jaoryes e s
al., 2008. In mice with colon cancer, the presence ofllksecreting Tregs reduced
cancer progression (Erdma al., 2003). However, high serum level of-l0 has been

associated with poor prognosis of gastric canceeptilkeguchiet al,, 2009)
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1.4.2. Requlatory effects of 1L10.

The major role of IE10 is to suppress inflammatioand regulate Icell subsets
responsesiL-10 can specifically suppress IFN a n-8 prdddction by Thl cells
(Grouxet al, 1998) whichwas the initial reason for it beg namedCSIFE. Thl cells are
the major source of IFd ,  wika potént activator of monocytes and inhibitor of Th2
proliferation (Mamataet al, 2007) By suppessinglFN-2 , -10 helps to maintain

polarized T helper cells in a Th2 phenotype étal, 1999).

IL-10 can also inhibit IFd pr oduction by naturadtalki || er (
1992)and block NFe B act i vat i on .factdrbont®ls apressiaonsoEmanyp t i o n
pro-inflammatory and antiapoptotic gene$able 2) and is very importanin the

development of acute and chronic inflammatory diseases (Schot&tlias, 1999)

Through theblockade of NFe B ctivation, IL-10 inhibited IL-1-mediated induction of

COX-2 protein synthesis (AAshy et al, 2006) and COX protein expression in

neutrophils (Niiroet al, 1997). Furthermore H10 can inhibit monocyte adherence to

endothelial cei (Mostafa Mtairaget d., 2001) The expression of H17,IL-22, and the

Thl7-cell associatetranscription factoretinoicacidr e | at ed or phan recepto

macrophages and T cells were negatively regulated Y 1{Guet al, 2008).

On the other hand, HLO exhibits immunostimulatory properties on B cells and
endothelial cells (MacDonaldt al., 1999). IL-10 can influence mast cellfunction and
significantly enhances the growth activity of stem cell factoithese cell§as reviewed

by Lin & Befus, 1997). When I£10 is combined with It3 and IL-4, the number of mast
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cell colonies is increased and the productof pure mast cells is augmented (Thompson

Snipeset al, 1991).

H. pylori-induced
host factors

requlated by NF Role References
aB actiy
IL-8 Chemotaxis for neutrophils and | (Chuet al.,2003)
lymphocytes
INOS Enzyme that generates eell (Lim et al.,2001)
damaging NO
COX-2 The rate limiting enzyme in the | (Kim et al.,2001)
synthesis of prostaglandins
hBD-2 Anti-bacterial peptide (Wadaet al.,2001)
MMP-9 and-7 Matrix metalloproteinases, (Mori et al,, 2003;
tumour invasiveness Wroblewskiet al, 2003)
IAP and Mct1 Anti-apoptotic genes (Changet al,, 2004;Maedaet

al., 2002)

IL-12p40, TNFU

Pro-inflammatory cytokines

(Lu et al., 2005; Takeshima €

IFN-9, IL-2, IL-6 al., 2009; Toyoda et al., 2004
VEGF, HIF1U | Angiogenic growth factors (Yeoet al, 2006)

Bax Apoptotic gene (Chaet al,, 2009)

PAI-2 Inhibit fibrinolysis ( degradation | (Varro et al, 2009

of blood clots)

Table 2. Some of the host factors regulated by NB B

acti

vat i o h.pyloninfecdos.p ons e
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1.4.5. 1L-10 and therapy.

1.4.5.1. Administering IL-10.

IL-10 is an important anthnflammatory cytokine which is weknown r its suppressive
effects. These properties of-00 made it a suitable candidate therapeutic for some
diseasesdNumerous studies using animal models reported that administerib@, kkither

by delivering thelL10 gene, injecting recombinant human-1D (rhiL-10), or
administering agents to promote the induction oflQ, may prevent diseases such as
liver fibrosis, airway inflammation and renal impairmé@houet al, 2006; Nakagome

et al, 200b; Tippinget al, 1997)

Cuaet al. used a replicaticuefective adenovirus as a vector to directly delived0Lto

the central nervous system in an animal model of multiple sclerosis and found-fitat IL
effectively blocked disease progression (@ual., 2001).Multiple injections of plasmid

DNA vectors encoding K10 into the spinal canalf ratsrelieved neuropathic pain for
more than forty dayéMilligan et al, 2006) In the later study, the administration tie

IL-10 protein only resolved the pain for few hours. These studies showed the importance
of IL-10 being delivered close to targeted sites dhe need for it to be in an active state

to be useful.

In addition, Leeet d. used norobesediabetic mice to see the effect tfl0 gene
delivery to combat type 1 diabetes, with-10 plasmid (pSIL-10-N F & BlLee et al,
2006) They found that a single injection of tHelO gene completely prevented disease.

IL10 gene therapy could also prevent sepsis in ni@berholzeret al., 2002) and
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experimental colitis in rat¢Barbaraet al, 2000) In the latter study, timing of gene
delivery was crucial as a beneficial effect was seen only wheriLtt@ gene was

delivered prior to induction of colitisThis is also true in another experimental colitis
study, where adenoviral vector encodingllQ was injected prior to trinitrobenzene

sulphonicacid induceetolitis to successfuy cure thediseaséLindsayet al, 2002)

The role of 110 as antinflammatory substance has also attracted ntheyapeutic
studies for skin diseases. In anouse model for allergic contact dermatitis (an
inflammatory skin disordergpnimalshad less inflammatoryed! infiltration and lower
oedema at the dermis when injected with1@ (Kondo et al,, 1994) IL-10 was found to
work by suppessing IFNo p r o d thest furthar supporting its role aan
inflammatory inhibitor. Furthermore, HLO helpedto decrease disease severityniice

with Penphigus vulgaris, an autoimmubellous skin diseas@ oto et al, 2000)

IL-10 has also been used as adjuvant in a mouse model study of-eanasti vaccine
(Kaufman et al, 1999) Mice with induced lung cancer were vaccinated with
recombinant vaccinia virus followed by injections of1D. Although the results were
promising; with decreasing rates of tumnaonetastases and low viral titres, its application
for use in humans would need more validatinanother cancer study, 410 was also
found to significantly inhibit tumour growth and eliminate metastasignice with

melanomgHuanget al, 1999)

57



In addition, the importance of L0 in suppressing inflammation has been demonstrated

in IL-10" mi ce, whi ch responded wi t h high expr e
inflammation upon infection wittMycobacterium tuberculosigliggins et al, 2009) A

similar effect was also shown wheeutralising I-:10 antibodies were administered to
Streptococcuinfected mice(Puliti et al., 2002) In the latter study, a reduction in

pathology as well as in the expression of inflammaytpkines was also seen when

IL-10 was administered.

In contrast to the animal studies,-10 therapy has shown a variety of outcomes in
humans.l-1 0 gi ven subcutaneously to patients wi
in treating the diseas@ilg et al., 2002). This could be due to inappropriate timing or
localization of the rIk10 (as reviewed byO'Garra et al., 2008). Others have
demonstreed asignificant effect of subcutaneoull.¥10 application to individualwith
psoriasis (Asadullalet al., 2001) where 11-10 acted to decrease IFN and-U TNF
(Reichet al, 2001) Friedrichet al. reported that after remission of psoriasis, the use of
long-term subcutaneous 110 at a low dose is safe and could prevent the condition from
recurring (Friedrich et al, 2002) The safeapplication of rll-10 was shown in other
studies, which also found no side effects from injecting a single large doselofth.
healthy volunteergFuchset al, 1996) In the treatment of asthma, agents have been
administered (e.g. glucocorticoids) which increasel@L production. Such treatments
have been correlated withgsificant increases iIFOXP3 mRNA expression and

therefore an increased Treg response in asthmatic pat@megiannidiset al., 2004)
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However, I-:10 can also promote piinflammatay activity making it a risky choice as a

therapeutic agent. Administration of rllO to healthy volunteers, either prior to or after

LPS infection, enhanced IEN pr oduct i on a(badweNaK 200@ Theseact i vi t
data showed that HLO administration to individuals with a deficiency in their
inflammatoryresponse could initiate unwanted pnflammatory outcomes. Some mouse

model studies also demonstratedliQ as an agent that worsens diseasé.GHransgenic

mice, which over expressed-l10, had increased tissue inflammation, mucus metaplasia

and airwayfibrosis (Lee et al, 2002) Furthermore, inoculation i Streptococcus

pneumonia@lus rIL-10 shortened the life expectancy of mfgan der Polkt al, 1996)

1.4.5.2. Neutralising IL-10.

Several animal studies have shown that blockingOLactivity also has a therapeutic
benefit. Neutralising IL10 activity either by administing antilL-10R monoclonal
antibody (mAb) or usingL10 gene deletion has effectively been used in combating
bacterial and viral infection. For example, Broaksal demonstrated that the viral load
after infection with lymphocytic choriomeningitis vBu(LCMV) persisted in the
presence of 1110 (Brookset al., 2006). When antiL-10R mAbwas administered, the

viral density decreased and the infection was eliminated. This work was supported by
another study which cleared LCMV infection without causinthplagy (Ejrnaeset al.,

2006) In addition, blocking 1L10 activity enhanced the effectiveness of Hepatitis C

antiviral treatmen{Rigopoulouet al, 2005)
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Blockade of I-10R has also been used in treating mice infected Mntbobacterium
tuberculoss (Beameret al.,2008).In this study, administering anfi-10R1 mAb to the
infected mice, controlled bacterial growth and increased mouse survival rates. Another
study onMycobacteriuminfection also demonstrated the effectiveness of administering
antrIL1OR mAb to eliminatenfection (Silva et al, 2001) This study not only showed

that bloking IL-10R improves the effectiveness of chemotherapy when the infection is
latent or chronic, but that the aiiki-10R mAb is also useful as an adjuvant in

vaccination againg¥l. avium

The use of antiL-10R mAb as an adjuvant has also proved valuableome animal
studies ofLeishmania majoiinfection. Vaccination with killed.. major (Okwor et al,
2009) its DNA (Robertset al, 2005)or plasmid cataining some genes of this parasite
(Stoberet al,, 2005)together with antlL-10R mAb prior to challenge reduced parasite
proliferation effectively.In addition, antlL-10 treatment itself has provew be a
beneficial therapy in Leishmaniasis, at leiasanimal studies. In the absenaklL-10 or
with the blockade of IL10R, rapidly decreased parasite lpad L. major (Kane &
Mosser, 2001)and Leishmaniadonovani(Murray et al, 2002) were seen in infected

mice.

Neutralising 11-:10 therapeutic studies have also been tested in oncology. When CpG
immunostimulatory oligonucleotides and attilOR mAb were administered
simultaneously in mouse tumour models, the -amtiour immune response was

enhanced compared to administering CpG al@vieari et al, 2002) Furthermore,
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priming for Thl responses with soluble ovalbumin preparation containing LPS, was
found successful with the use of alti10R mAb as adjuvar{Castroet al., 2000) This

study may be helpful in designing vaccines for immunotherapy.

The therapeutic strategy of silencing th&0 gene has been applied to skew the immune

response against tumours or pathogens. Dendritic cells (DCs) transfected with small
interfering RNA(SIRNA) that is specific for the.10 gene will produce high levels of L

12 (Liu et al, 200d)and help CD4+ T <cells to-4increas
production(Singhet al, 2008) These also promote antiviral activity in cytotoxic T cells.

However, the increased production of gnflammatory cytokines due to the inactivation

of IL10 gene in TFcells, resulted in seve pathology afteffoxoplasmagondii infection

(Roerset al, 2004) In a human melanoma vitro study, silencing thé_10 gene in DCs

increased IE12 production and improved the cytotoxic T cells respd@$dnabraet al,

2008)

1.4.3. 1L-10 receptor and signaling.

Interleukin10 bears close topological resemblanceto-tFNand t heir receptor
also belong to the same cytokine receptor family (@hgl, 2001). The IE10 receptor

(IL-10R)i s made of at | e-ehain (IL1 WR1)s ubdodn(lée Hhe ht
10R2) @s reviewed bylooreetal, 2 0 0 1-Fhain, Whick isa 10-kDa polypeptide,

has the dominant role in mediating high affinity ligand binding and signal transduction

(Riley et al,, 1999) Its gene idocatedon human chromosome 11 (Létal., 1994).1t has

been shown thatL-10 binds to IL-10R1 with high affinity (Figure § and induces
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changes to the conformation of the1D-IL-10R1 complex for thé&_-10R2to come into

contact with(Yoon et al.,2006) The gene for IE10R2 is in the sameluster as théFN-

2R2

and

both genes ar éRedouetah 19BN
A IL-10
R1

Figure 6. A schematic model of I1.-10 binding to its receptor.
IL-10 binds to IL-10R1 with high affinity followed by low affinity interactios between IL10R2 andhe
IL-10-IL-10R1 compleXTaken from Yooret al.,2006).

on

chr omosome

The expression of H10R on different types of human cells is a particularly understudied

area. Most is known about {10R on leukocytes but there is very little published on

other cell types. This is important as we need to understand which cellapafalec of

responding to 1L10 thus modulating their inflammatory responses.

Immune cells are important during inflammation and well known for their highOR

expression so that they can switch this response off when needed to prevent tissue

damage. NKeells constitutively express cell surfacellR at low densityCarsoret al,,

1995) Neutrophils and macrophages were found to express the receptor at cell surface

but internalised the receptor when stimulated @ual., 2006; Elbimet al., 2001).
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Monocytes express HLOR at lowlevels but expression was increased in association with
diseases such as arthri(ifakasugiet al, 2006) Dendritic cells(MacDonaldet al,
1999), Bcells and Tcells (CD4+ and CD8+) were also reported to expril-10R (Lai

et al, 1996) In a study on leukocyte subpopulations of asthmatic patients, monocytes
and CD4+CD28 T-cells were found to express the highest llew® IL-10R while
expression of the receptor on CD8+cdlls, NK cells and neutrophils was low
(Moniuszkoet al, 2009) These indicate that differentply of leukocytes may express

IL-10R differently compared to each other in disease states.

Some noreukacytes also express the receptor forll especially cells throughout the
gastrointestinal tract which are frequently in contact with harmful pathogestsidy on
Prevotella intermedia a pathogen in periodontal disease, has coafirnthat the
expressionof IL-10R in cultured human dental pulp fibroblasts is induced by the
presenceof bacterial LPS (Tokuda&t al, 2003). Evidence from experiments with the
murine small and large intestine has shown thatOLbinds to a specific receptor which

is constitutvely expressed on intestinal epithelial cells (Denrebgl, 2000). This was

also showrin vitro, whereby the receptors were found to be constitutively expressed on

ModeK cells(a murine intestinal celine) (Al-Ashy et al, 2006).

The best characteed IL-10 signalling pathway is the Jak/Stat syste® ieviewed by
Moore et al, 2001).The Jak/Stat family consist of four Janus Tyrosine Kinases (Jakl,
Jak2, Jak3 and Tyk2) and seven latent cytosolic transcription $atSvatltStat6)

(WeberNordt et al., 1996). When the receptors for-1l0 interact with their ligand,

63



members of the Jak family will be phosphorylated and eventually the Jak/Stat pathway

will be activated (Dinget al, 2001). Specifically, IL10 affects the activation of Jakl
(associateavith IL-10receppr U chain) and TyKD (resse@dioat ed
(Riley et al,, 1999). In monocytes and T cells,-1I0 stimulates tyrosinehmsphorylation

of Tyk2 and akl together with the activation of STAT1 and STAE3 (eviewed by

Finbloom & Winestock, 199). The binding of IL10 to its receptor also activates STAT5

in a murine Bcell line (Wehingeret al, 1996). To date, there is pablished datan the

expression of IELOR by gastric epithelial cells.

1.4.4. 1L-10 super family and sharing of IL-10 recetor

subunits.

IL-19, IL-22, IL-24, IL-26, IL-28 and IL-:29 are also members of the-00 family (as

reviewed by Commingt al., 2008). These cytokinehave approximately 20% amino

acid sequence identity to410 (as reviewed by Pestkaal.,2004) and haa been further

subdivided into two groups according to the sharing of receptor subunits and gene
localization. IL-:19, IL-20 and 1l-:24 share the H20R2 in their receptor complexes
(Dumoutieret al.,2001a) and their genes are located clod& 10 gene orchromosome

1 (Gallagheret al.,2000; Blumberget al.,2001; Huanget al, 2001). 1L-22, IL-26, IL-28

and IL-29 on the other hand, shathe IL-10R2 subunit (Donnellyet al., 2004) and

except for the latetheir genes are located in the same clustereasthene encodi ng |

on chromosome 1Pfas reviewed by Pestkat al., 2004). 1L-28 and 11-:29 are the most
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recent addition to this family and their genes are located on chromosome 19 (as reviewed

by Uze & Monneron, 2007).

Unlike 1L-10, IL-19 is a monomefChanget al.,2003)producedoy monocytes and has a
direct effect on immune celi&allagheret al., 2000) Another member of this family,
IL-20, is also expressed by monocytes (Wetkal., 2002) andhas been associated with
skin disease. Overexpressiohtbis cytokine leads to psoriagiBlumberget al.,2001)

The melanoma differentiatieassociated geré (mda7) or IL-24, discovered by Jiangt

al. (1995) has been shown to induce apoptosis in some cancer cells€6akk2000).

This cytokine haslao been found to have suppressive effects on the inflamed intestinal
mucosa in IBD(Andohet al, 2009) Although IL-19, IL-20 and 1l-24 share components

of their receptor complexes among them, it has been noted tifl Hnd 11-24 are

growth inhibitory ba not IL-20 (ParrisiNovaket al.,2002).

IL-10-related T celderived inducible factor (HTIF) or IL-22 wasdiscoveredin 2000
and hadeen intensively studied (Dumoutier al.,2000a).It is produced by activated T
cells and NK cells (Wolket al., 20®2). IL-22 has the oppositiinction from IL-10,

including pro-inflammatory activity on hepatocytéBumoutieret al.,2000Db).

AK155 or IL-26 is expressed mainly by T cells and NK cells (Wetkd., 2002) and
targets epithelial cells, colon carcinoma selhd keratinocytes (Hat al, 2004).IL-26
was initially isolated from herpesvirus sairdiransformed T cells and formed a

homodimer, similar to I£10 (Knappeet al, 2000). High expression of {26 has been
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correlated with increased 18 expression wbh is opposite to the activity of HLO

(Dambacheet al, 2008).

IL-28/29 or IFN-as are type lll IFNs whichwere discovered in 2003 (Kotenlet al,
2003) andshowed anttumaur activity against B16 melanongaasfaret al, 2006). They
also haveantiviral activity against encephalomyocarditis virus (EMCa&)d herpes

simplex virus type2 (HSV-2) (Ank et al., 2006)

All'IL -10 family members utilisbeterodimeric receptor complexes wharecomposed
of atype 1 receptor chain (R1) and a type 2 recephain (R2)to exert their biological
effects (as reviewed by Wolk & Sabat, 2006).1Q and its receptor have been described
previously (section 1.4.3). Several-10 family cytokines utilise an HLOR subunit in

their receptor complexes.

The IL-10R2 subnit is shared with the receptor complexes ofl, IL-22, IL-26 and
IL-28/29 (Figure 7) (Donnellet al, 2004). Some researchers found that2R binds
directly to IL-10R2(Xie et al, 2000)but others havdound that it binds to both.-22R1
and IL-10R2 subunits(Kotenko et al, 2001) It has a natural antagonist, called-2R
binding protein (1-22BP) which when bound,nhibits its activity in hepatocytes and
intestinal epithelial cell§Dumoutieret al, 2001b) The binding of IL-:22 to its receptor
complex also activates STAT1/3, similar to-110 and most other HLO family cytokines

(Brandet al, 2006).
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The IL-26 receptor complex consists ofA0R1 and IE10R2(Hor et al, 2004) These

receptor subunits have been found to be expressed by iatespithelial cell lines

(Dambacheret al, 2008).The IL-28/29 receptor complex conssif IL-10R2 and Ik

28RA (Shepparcet al, 2003)

IL-26

IFN-2

IL-10 IL-22
) |
IL-10R2
L-10RY L-22R1
STAT3 STAT3
(STAT1)

IL-20R1 L

|

STAT3
(STAT1)

FNART

| !
K
IL-10R2 IL-10R2 IL-10R2

|

STAT1
STATZ

‘ + IRF-9
ISGF3

Figure 7. The IL-10R2 chain is shared amongstseveral IL-10 superfamily cytokine receptor

complexes.

The binding of ligands (110, IL-22, IL-26 and IFNa-

(28/IL-29)) to their specific ligand binding chain,

the R1, formed intermediate complexes with the required conformation for the binding @R2. These

will then activate JAK and Tyk2 followed by activation of specific STATs. STAT3 is the major
transcription factor activated by 410, IL-22 and 1l-26. IFN-a; however, activates both STAT1 and
STAT2. These two STATs can combine with HF another cytodiw protein to form the ISGF3

transcription factor complefd@aken from Donnellyet al.,2004).
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1.4.5. 1L-10 responses imd. pylori infection.

1.4.5.1. IL-10 gene polymorphisms.

Studies on IL10 gene plymorphisms and disease hakeen conflicting due tahis
cytokine having both immunosuppressive (potentially cancer promoting) and anti
angiogenic (potentially cancer inhibiting) properties (as reviewed by Howell &-Rose
Zerilli, 2006). Most of the resean hasbeen done on SNPs of tHe-10 promoter region
which includes positior1082(G/A), -819(C/T) and-592(C/A). Carriers of thelL-10-
1082G#819CH592C alleles (GCC haplotype) had higher mucosalOLmRNA levels
than ATA haplotype carriers (Raet al, 2004). Furthermore, the ATA/ATA genotype
has been atfirmed to have an association with low-10 production (Crawlet al,

1999).

Polymorphisms that resulted in reduagressiorevelk of IL-10 have been reported to
be associated witahigher risk of gastric cancer Elmaret al, 2003) Subjects wih the
IL-10-1082AA genotype werat atwo-fold higherrisk of gastric cancer compared to
those with arlL-10-1082GG genotype. Furthermore, Kaoal found a 60% increase in
the risk of intestinal metaplasia and dysplasia subsequeHt foylori infection, among
the carriers of théL-10-1082low activity allele (Katoet al, 2006). The subjects fohat
study were known to have extremely highpylori infection rates. Another study done in
an Italian populationalso showeda higher risk for nostardia @stric cancer and
intestinal metaplasia with individuals having-10-819TT genotype (Zamboet al,

2005). Thiswasalso true in aother caseontrol study wheresubjects with T allele at
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position -819 of the 11-10 promoter region were more at risk of s (46.5%)

compared to controls (35.7%) (Achyettal, 2008).

In contrast, others haverepated that polymorphisms resultingn increased IE10
expression arassociated with the increakeisk of H. pylori-mediated diseases. For
example, two studg in a Chinese population have shown tlzahigh 1L-10 producer
genotype was significantly associated with gastric cancerefLal., 2005b; Wuet al,
2003) Sicinschi et al. (2006) also reported that subjects having the-10-592CC
genotype were a@sciaed with more than doublef the risk of the intestinglype gastric
cancer and the risk was higher in subjects infected with CagA posidvepylori.
Furthermore, in a Japanese population, the preseraae”dfA/GCC haplotype ofL-10-
1082£819£592 polynorphisns significantly increasg the risk of gastric cancer

development compared to ATA/ATA haplotype (Sugimetal., 2007).

1.4.5.2. IL-10 andH. pylori-mediated diseases.

H. pylori infections were found to be associated with elevatedQLlexpressionn the
human gastric mucos&oll et al reported that the sampléom H. pylori-positive
patientsshowed an increased of 6.7 fold in-10 production compared to tlsamples
from H. pylori-negativepatients(Goll et al,, 2007). A study ira German popution has
confirmed that colonization by more virulenagA’, vacAsI and babAZ H. pylori

strains were associated with high level mucosallOLproduction (Racet al, 2004).
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Similar findings also supportdtiat infection with a CagA+ strain is associateith an

increase in IE10 mMRNA expression (Hidet al, 1999 Robinsoret al.,2008.

Studies ofH. pylori infections usingnouse models have shown a relationship between
the IL-10 responseintensity of gastric mucosal inflammation and bacterial loasl (
reviewed by Algood & Cover, 2006fResearch withL-10" mice has shown that, after 6
weeks of inoculation, colonization of the gastric mucosalbyylori was significantly
decreased and this reduction was accompanied with enhanced gastric inflamandtio
elevated levels of specific IgA and IgG (Chetnal, 2001). Anothersimilar but longer
study showedomplete eradication d. pylori andmore severe inflammatiain IL-10"

mice (Matsumotoet al, 2005).

In addition, a high level of H10 was ao associated with increasedmbes of Tregs in
the gastric mucosa &f. pylori-infectedpatients(Lundgrenet al, 2003). This was also
supported by the study of Lundiet al. which reported high amounts of -lLO
productions from both peripheral blooddagastric mucosa df. pylori-infected gastric
cancer patient_undin et al,, 2007).In the later studythe IL-10 production from blood

T cells ofH. pylori-infected asymptomatic subject was low.

Furthermore, the presence of high levels ofllLprodweed by Tregs was also linked to
reduced pathology as found irstudy(Lee et al, 2007),using recombinatiofactivating
gene 2deficient (RagZ) mice whichareunable to produce-Eells (Vieiraet al, 2004).

Previous studies irour laboratory have showvn that gastric biopsysamples with the
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highestH. pylori densities(graded3 on a scalef 0-3) contained &old higher levels of

IL10 mRNA than samples with a grade of 1 (Robinstral, 2008).When Harriset al
evaluated gastric histopathology and Jmreell responses iHl. pylori-infected children

and adults; they found that the level of1D in the antral mucosa &f. pylori-infected
children was significantly 2 fold higher than the level in infected and uninfected adults
and 3 fold higher than in unfected children (Harrigt al, 2008). This was correlated
with infected children having reduced gastritis and higher number of Tregs in the gastric

mucosa compared to infected adults.

In addition, previousn vitro work in our laboratory also showed@nificantly increased
bacterial density with the addition of 20ng/ml 110 in AGSH. pylori co-cultures
(Robinsonret al.,2008). This effect was shown via AGS cells because addition dif0rlL
to H. pylori alone has no direct effect. This indirect effeaggested that AGS cells may
express the receptor for -0 but further experiments were needed to verify this.
Furthermore, in the same study, pylori-induced IL-8 expression was suppressed in
dosedependent manner with the addition of-Al0 in cecutures ofH. pylori with AGS
cells in vitro. What is moreH. pylori-induced NFe B acti vation-8(i mport .
expression) was also inhibited in the presence cfifllin the same coultures. Another
pro-inflammatory marker, ICAM1, which expression walsvated in AGSH. pylori co-
cultures, was significantly reduced by the addition ofX0_(Zakariaet al.,2008). These
data indicate that H10 may suppresl. pylori-induced inflammatory responses which
allow the bacterium to grow to higher densitiesl ahe effects were mediated indirectly

through gastric epithelial cells.
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1.5. Aims.

Reports have shown that -0 is abundant in the gastric mucosa durkthg pylori
infection (Lundinet al., 2007; Gollet al., 2007). IL -10 responses have also been
assoated with increased bacterial density and reduced pathology. Previous experiments
showed that addition of rHLO to cocultures ofH. pylori and AGS cells resulted in
reduced IL8 response (Robinsat al.,2008). Therefore, it was hypothesised thatLlL
helps to maintain bacterial colonisation and exerts its effects directly on gastric epithelial
cells. The aims of this study were:

1. Toinvestigateheexpression of IL10R subunits bgastric epitheliatells,

2. To characterise the effects of-Il0 onH. pylai-infected gastric epithelial cell

lines,

3. Todeterminehow IL-10influencesH. pylori-induced responses.
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CHAPTER 2:
MATERIALS AND
METHODS



All reagents were purchased from Sigidrich unless otherwise stated.

2.1.H. pylori strains and culture conditions.

H. pylori strains were grown on blood agar base no.2 plates supplemented with 5% (v/v)
horse blood @xoid Ltd.) at 37C in a 5% CQ humidified incubator. The strains used
were Tx30a i cagPAl-negative strain (Riedest al, 1997, vacA s2/m2 (Letleyet al,
2003),601907 cagPAl-positive strain (Riedeet al, 1997),vacAsl/ml(Letley et al,

2003) 60190cagAmutant (Beblet al, 2006) 60190cagE mutant (Beblet al, 2003b)

and60190vacAmutant (Beblket al, 2003a).

2.2. Cell culture.

2.2.1. AGS cells.

AGS cells (ECACC) are human gastric epithelial cells originally derived from an
adenocarcinoma of the stomach of a 54 yddrCaucasian female with no prior anti

cancer treatmenthftp://www.ecacc.org.yk These cellswer e gr own i n F12

nutrient mixture medium, supplemented with 10% (vol/vol) heat inactivated foetal calf
serum (FCS) and 2mM -glutamine, at 3T in a 5% CQ humidified incubator as
described by Riedest al., (Riederet al, 1997). Once fully conflent, cells were washed
twice with sterile phosphate buffered saline (PBS) (Oxoid Ltd.) and TrEI3IPA

(Gi bco) solution was wused to remove cells f
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medium was added after trypsinization and cells were washed tefioebresuspension

i n an appropriate volume of F12 Hamés cul tu
diluted (split ratio 1:12)into new T75 flasks (Nunclon) with fresh medium and incubated

as before for maintenancer cells wereseeded into mukwell plates and used for an

experiment.

2.2.2. MKNZ28.

This gastric carcinomaell line was derived from the stomach of a 70 ya&drfemale

(http://cellbank.nibio.go.jp/celldata/jcrb0253.)tnT he cel |l s wer e grown i |

Modi fied Eagl ebs medi-glutamifeDaNELD) (volvioly FCS @& mM L
37°C in a 5% CQ humidified incubator. Once fully confluent, the cells were split using

the same methods as the AGS cells for maintenancererused in an experiment.

2.2.3. MKN45.

This gastric carinoma cell line, derived from thstomach of a 62 yeanld female

(http://cellbank.nibio.go.jp/celldata/jcrb0254.Htmwas kindly @nated by the Cancer

Studies Unit, University of Nottingham. The cells were grown in RPMI 1640 medium
with 2mM L-glutamine and 10% (vol/vol) FCS at €7 in a 5% CQ humidified
incubator. The same routine as AGS cells was used when passaging the callsemto
flask. After treatment with trypsin, a cell scraper was used to detach cells from the

surface of the flask. The cells were washed and diluted into new culture flasks.
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2.2.4. THR1.

THP-1 is a noradherent human monocytic leukaemia celélwhich wagerived from
the peripheral blood of a 1 year old male with acute monocytic leukaemia

(http://www.ecacc.org.yk The medium used for this cell line was RPMI 1640 medium

with 2mM L-glutamine and 10% (vol/vol) FCS. For counting, a sample from the cells
susnsion was diluted with trypan blue and applied to a haemocytometer slide. The cells
were observed and counted under light microscopy. The cells were kept in exponential
growth by maintaining cultures betweesb3x 10 cells/ml. Cultures were incubated at

37°C in a 5% CQ@humidified atmosphere with the flask in standing position.

2.3. Experimental analysis of Il-10R expression

by gastric epithelial cells.

2.3.1. Immunofluorescence microscopy.

Chamber slides (vell; BD Biosciences) were seeded with AG3lscéom a confluent

T75 flask and were incubated at°87in a 5% CQ humidified incubator until the next

day. The total volume of medium used was 1.5ml for each chaldér.pylori 60190

strain suspension was prepare@dmaptical density of 0.05 (wawigth 600nm)@Deoo)

using F12 medium. Medium from each chamber was replaced with either 1ml of bacterial
suspension or fresh F12 Hamdés nutrient mi Xt

incubated at 3T in a 5% CQ humidified incubator.
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After 24 hous, staining procedures were carried out. Cells were fixed by replacing
medium with 1ml of methanol per chamber. Cells were washed twice with 1.5ml
PBS/0.5%bovine serum albuminBSA). The solution was removed and a primary
antibody mouseantilL-1 0 RU  (syRt&nix)rabbit anti-H. pylori (Dako) or an isotype
control (AbD Srotec)) was added. The cells were incubated at room temperature for 1
hour and then were washed 3 times with PBS/0.5% BSA solution. The secondary
antibody (antimousePE or antirabbit FITC) was added and the cells were incubated in
the dark at room temperature for 1 hour. The cells were washed as beforeeand th
manifold of the chamber slide wasmoved. Coverslips were mounted using -éade
mounting medium (Slow fade Gold; Invitrogemdatheedgesof the slides were sealed

Cells were visualised by fluorescence microscopy.

2.3.2. Flow cytometry.

2.3.2.1. FACS analysis using antibodies.

AGS cells from one fully confluent B7 flask were seeded into-v@ell plates and
incubated at 3T in a 5% CQ humidified incubator for 24 hours. Once fully confluent,
the mediumfrom each well was removed and replaced with 3ml of medium alone or

medium with a suspension Hf pylori 60190 strain at OF3 0.05.

The THP-1 cell line, known to express 4LOR constitutively and at higlkevel was used
as a positive control (Taet al, 1993). On the day of infection the number of cells per mi

was counted using a haemocytometer. Cellsewdhen centrifuged at 28§ and
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resuspended ian appropriatevolume of medium. Cells were suspendeith FACS tubes
at 1x 16 cells per ml. The tubes received either medium alone or bacterial suspension at a

final ODesoo of 0.05

For AGS cultures, after 24 hours of incubation afC37n a 5% CQ humidified
incubator, apernatarg were removed andBSwasadded towasheach well. The PBS

was removed and 3ml of na@nzymatic cell dissociation agent was added to each well to
detach the cells from the plate. The cells were incubated for 10 to 15 minutes. Using a
pipette, cells werecsaped from the surface and together with the agent wansferred

into FACS tubes. Theetls from each well were transferred irgeparatéubes.

Both AGS and HP-1 cells were washed twice with 1ml PBA/2% F&J placedn ice.
Primary antibodies (anlL-1 0 RU ( R & D orsay isatyeenssnjrol (AbD éBotec))
were added to designated cell pellets and incubated for 1 hour on ice. The cells were

washed again 3 times with 1ml PBA/2% FCS.

Secondary antibody antmousePE was added to the cell pelletslarells were incubated
for 1 hour on ice. The cells were washed again 3 times and 0.5ml of cell fix solution
(0.5% formaldehyde in PBS) was added to the cell pellets. Fluorescent labelling was
detected using a coulter EPICS XICL flow cytometer and WinMDWwas used for data

analysis.
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2.3.2.2. Measurement of IE10 binding to cultured cell lines.

This was done using an 410 Fluorokine kit (R&D Systems), following the
manuf act ur e rFRorsAGS aqultutes, after 24 hourssof incubation, supernatants
were removed andells were washed twice withmlwell PBS Then,3ml/well of non
enzymatic cell dissociation agent was addetl cells were incubated for 10 to 15
minutesbefore being countedx 10 AGS or THP-1 cells werecentrifuged at 204y for

5 minutes andvashedwice with 2ml wash buffer provided with the kit. Cells were then
resuspended in 250ul sterile PBS. 25ul cells were added to each tube. 10ul of
biotinylated rhil-10 was added to test tubes. 10ul of biotinylated soybean trypsin

inhibitor wasadded instead for negative control staining.

To ensure specific staining, controls were included where the interaction of biotinylated
IL-10 with cells was blocked with afiti-10 antibody. 1pl of human IgG (1mg/ml) was
added into a tube containing 25pfl cells incubated for 15 minutes at room temperature
(tube A). In a second tube (B), 20ul of ahtiman I-10 antibody was mixed with 10ul

of biotinylated rhil-10 and incubated for 15 minutes at room temperature. The contents

of tube B were added to tuBeand then treated as the others from this point.

All tubes were incubated for 60 minutes &4 10ul of avidinrFITC reagent was added

to each tube and the cells were further incubated for 30 minuté€ at the dark. Cells
were washed twice with 2mvash buffer and centrifuged at 20§ for 5 minutes. 200ul
wash buffer was used to resuspend cells for final flow cytometric analysis. Nonviable

cells were excluded by the addition of 10pl/2x16ells propidium iodide (PI)
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(Invitrogen). Fluorescentlabelling was detected using aodter EPICSAltra flow
cytonmeter, gating out cells that stained with RlinMDI 2.8 softwarevas used for data

analysis.

2.3.3 Quantitative real-time reverse transcriptasepolymerase

chain reaction (reaktime RT-PCR).

Total RNA was purified from cultured AGS with and withodt pylori infection using an

RNeasy Mini Ki t ( QI AGEN) according to the
MRNA was reverse transcribed using Superscript Il reverse transcriptase (Invitrogen)
withanoligo@ T) pri mer as per the manufacturer s i
information). Controls, adding RNa$ee water instead of reverse transcripta$er},

were prepared in parallel for each sample.

The realtime PCR reactions were performed oRa@torGene 3000 (Corbett Research,

Cambridge, UK) using a Dynamo HS SYBR green gPCR kit (GRI, Braintree, UK).
Amplification was carried out over 40 cycles of 15 seconds 4,980 seconds at &2,

30 seconds at 72 and 15 seconds at €0 The ILI0R0 an-i ORfML dat a wer e

normalised to GAPDH. The results were analysed using the Pfaffl method (Pfaffl, 2001).
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Gene | Forward primer Reverse primer

GAPDH | CCACATCGCTCAGACACCAT GGCAACAATATCCACTTTACCAGAGT

IL-10RA | CTCACCAGGCAGTATTTCACGG| CTCTGGGGAGGGACGCTG

IL-10RB | TTCCACAGCACCTGAAAGAGTT | AGGATTCTGCTTGCCGCTC

Table 3. Primer sequences for reatime PCR.Sequences are-38hownenhbhathenb55

2.3.4 SDSPAGE and Western blotting.

AGS cells were grown to 890% confluence in -6vell plate and were infected the next

day withH. pylori strain 60190 at an MOI of 10. After 24 hours of infection, cells were
scraped from the triplicate wells and solubilized in 2x sodium dodecyl sulphate (SDS)
sample buffer (pH 6.8). Proteins were sepad on 10% SD$olyacrylamide gel
electrophoresis (SDBAGE) gels and transferred onto nitrocellulose membrane using the
Mini Protean 3 apparatus (BRa d , Hertfordshire, UK) as
instructions. Blots were blocked for 1 hour at roommperature with PBS/0.05% Tween
20/2% dried skimmed milk powder and probed with primary antibodies overnight at 4

The primary antibodies used were mouse-haathan I1-10R alpha monoclonal antibody

(final concentration, 2ug/ml; R&D Systems) and rabbit i<4miman [L-10R beta
polyclonal antibody (final concentration, 1ug/ml; Santa Cruz Biotechnology, Heidenberg,
Germany). Blots were washed and incubated withraiibit and antmouse peroxidise
conjugate antibodies (di |l ut iicsmmustions).sBotth wer e

primary and secondary antibodies were diluted in SignalBoost Immunoreaction Enhancer
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Solution (Calbiochef®y, Nottingham, UK). Ingredients for buffers and solutions for these

protocols are in the Appendix.

Chemiluminescent ECL WesternldBting Detection Reagents (GE Healthcare Ltd,
Buckinghamshire, UK) and autoradiography films (ECL hyperfilm; GE Healthcare Ltd)
were used to develop the blots with an exposure time of 10 minutes. Films were
developed using developer and fixer chemicalrfl PQ Universal, Cheshire, UK)

before being washed well with water and allowed to dry.
Stainig  f -@atin wWas subsequently used to control for protein loading. Briefly, blots

were washed 2 times in PBRveen and rgrobed with rabbit antth u ma-actinb

antibody using the same protocol as mentioned earlier.

2.4. Bacterialepithelial cell co-culture

experiments and quantification of bacterial

densities.

2.4.1. Preparation of AGS cells.

AGS cells from a fully confluent flask were trypsinised, washed and resuspended in 10m|
F12 Hambs nutr i e e celisiverd seeded inAdeldplatesriCostar
Dorset, UK and incubated as before. For use the next day, cells were seeded at full

confluence. For use after 2 days, cells were seeded at 50% confluence. For the
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experiment the cells were at-80% confluence and 20ng/ml of recombinant human IL
10 (rIL-10) (AbD Serote¢ Kidlington, UK) was added to appropriate wells. The cells

were incubated at 8C in a 5% CQ humidified atmosphere.

2.4.2. Preparation ofH. pylori.

The growth from two blood agar plates which had been inoculatedHvigbylori 24

hours previously was removed using sterile cotton swabs. The bacteria were suspended in

5ml serumf r e e F12 Ha mo s nutrient mi Xt ur e medi u
measured on a spectrophotometer at a wavelength of 600nmg)OB cuvette

containing 1miof medium was used as a blank. It was estimated that ap, ©00.01

contained approximately 5xiCH. pylori colony-forming units (CFU) per ml. The

dilution required for adding bacteria to the culture wells was calculated so that there

would be a final @ggo0f 0.01 in the well with a total volume of 0.5ml.

2.4.3. Viable count assay.

After 24 hours, 1dold dilution series were set up from eachadture well. Sterile PBS

with 10% saponin was prepared and 50ul of this solution was added to eachheell. T
mixtures were mixed well and 20ul aliquots were removed from each well into the top
row of a 96multiwell plate (Nunc). 180ul of fresh sterile PBS was added into this
making a 1/10 (19 dilution. 20l of this dilution was transferred into the next lwel
down and 180pl of PBS was added into this second dilution making a 1/13D (10

dilution. These steps were continued until the final well which rugda 1/10(000,000
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(10®). Tips were changed between welOne dilution series was prepared for each

repicate.

Blood agar plates were marked with four quadrants and were labelled Witto 1D®
respectively. 4imes10ul drops of each dilution were placed onto the blood agar with
designated quadrant. As a controties10pul of PBS were pipetted ontme blood agar

plate to check for contamination. The spots were allowed to sink before the plates were
turned over and incubated as before. The colonies were counted after 3 to 5 days of

incubation. Colony forming units per ml were calculated

CFU/mI= mean count from replicate 10pul spots x 100 x dilution factor

2.5. Pro-inflammatory chemokine IL -8 assay.

AGS cells were cultured with and withodt pylori 60190 (MOI=10) in a @vell plate

and supernatants were collected after 24 hours of infectief. Mlasassayed using a

Human IL-8 CytoSet ELI SA kit (Biosour se, Bel gi
instructions. The limit of sensitivity of the assay (typically less than 1.26 pg/ml) was

calculated as shown below:

Limit of sensitivity = (mean + 3 x standard deiation) of 6 replicate Opg/mlIL -8

wells.
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2.6. Statistical analysis.

All analyses for statistically significant differences were performed with a paired or

unpaired Studertttest.P<0.05 was considered statistically significant.
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CHAPTER 3: RESULTS



3.1. Measurement of IL-10 receptor expression by

gastric epithelial cells.

It has been reported that -0 is abundant in the gastric mucosa durkthg pylori
infection (Gollet al, 2007) but to date, there have been no reports on whethir-ilte
receptor (I-:10R) is expressed on gastric epithelial cells. Therefore, experiments were
done to determine whether-ll0 can act on cells of the epithelium through thd.0R in

the presence dd. pylori.

3.1.1. Immunofluorescence microscopy.

Thesewere qualitativeexperiments carried out to determine the expression-df (LR U

on AGS cells with or without the presencetdf pylori. Cells were grown in chamber
slides and were infected witH. pylori 60190 strain (MOl = 143)After 24 hours of
incubation, AGS cells were fixed with methanol and the staining procedure was done
using primary and secondary antibodies. The primary antibodies used wereantiuse
IL-1 0 RU, -antiddbpplori{as a positive control) and an isotype control (mouse 1gG1,
negative control). The secondary antibodies used weremantsePE (phycoerythn
conjugate) and antabbitFITC (fluorescein isothiocynate isomer 1 (FITC) conjugate).

Stained cells were then examathunder fluorescence microscopy

Red fluorescence was detected when AGS cells, with or withopylori 60190 strain,

were stained wh antilL-1 O RU anti body. The staining was
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werealso areas of very higlevel staining which maybe nespecific Figure & and b.
This showsit is likely that AGS cells do express the-1I0R. Green fluorescence was
detected whe\GS cells infected witlH. pylori were stained with rabbantiH. pylori
antibody and antiabbitFITC (Figure &). No fluorescence was detected when AGS cells
were stained wh only anttmousePE (figure not shown) illustratinghat the binding of
this condary antibody is specifi€or controls, &ined AGS cells alone with ari.
pylori and antirabbitFITC antibodiesor with an isotype control antibody (figure not

shown) also showed no fluorescence.

The microscpy data indicatedhat the gastric efhelial cell linecan express the HLOR
either constitutively or induced k. pylori infection. However, this experiment has a
limitation since it is a qualitative method. It is not known whether the expression was up

regulate during infection. In futter experimentslow cytometry washerefore used
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b)

Figure 8. Stained AGS cells under fluorescence microscopy:

AGS cells were left uninfected (a) or infected with pylori 60190 strain (b and c) and ifmated for 24

hours. Cells were then stained with moeasg-IL-1 0 RU ant i b o dy-anti-d. pyor ahtibady , rabbit
(c). Anti-mousePE (a and b) and antabbitFITC (c) were used as secondary antibodies. The presence of
IL-10RU i s i ndiddlaotescencewi t h t he r e
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3.1.2. FACS analysis.

3.1.2.1. Measurement of IL10R expression using antibodies.

The microscopy data showed that gastric epithelial cedlexpress IE10R, but it was
difficult to see whether the expression was increased when theveedsnfected withH.
pylori. The FACS analysis was carried out to determine HLOR expression is
influenced byH. pylori infection. This quantitative analysis was performed to give two
sets of information: the intensity of fluorescence from the stgioif cells with antiL-
10RU antibody (shown by the position
related to the amount of {LOR expressed, and the proportion of cells expressiidR.

as shown by the percentage of positively stained cells. these flow cytometry
experiments, cells were stained with different primary antibodies andnansePE as

the secondary antibody.

The AGS cells, with and withoud. pylori infection, were stained with mousatiIL -
10RU (primary) a fmousdPB (kgcondary)dantiboidyt. There was no
increase in the geastric mean fluorescence (position of the pehlat there was an
increase in the proportion of ptigely stained cellsvhenH. pylori was added to the
AGS cells(Figure 9a and b)These haveshown that more AGS cells expressedlR

but the expression level was not-upgulated within those cells already expressing the

receptor.
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It could be seen thahe percentage of HLOR+ cellswas increased by 1.5 fold when the

AGS cells were infaedwith the bacterium (Figures@and b). Unstained AGS cells, with

and without the presence bif pylori, resulted in only very small proportions of cells

within the selected range of fluorescence (M1), 0.2 0.49% respectively (Figure 9

and d).

6.66%

10 1 10
L10R-PE

0.21%

Figure 9. IL -10R FACS analysis of AGS cells:

AGS cells were either left uninfected (a and c) or infectid k. pylori 60190 strain (b and d). Cells were
then stained with mousanti-IL-1 0 R U

b)

d)

anti body

10°
IL10R-PE

9.94%0

(a

and

b) -mousePkE wak t

used as the secondary antibody. These histogram plots show intensity of fluorescence-axishanct

number of cel (events) on the-gxis. M1 is the marker region which indicates the fluorescence from

positive staining. Percentage figures indicate the proportion of events within region M1.
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The experiment was repeated a further two times and the isotype cordrlokaled to

act as the negative control. Again, there was an increase-In0lIR U

expression

infected AGS cells compared to uninfected cells (Figure 10). The increment was 1.7 fold,

similar to the previous experiment.

30
25
20
15
10

% positively stained cells

24.75
14.76
. 2.97
149 g4
[ ] - e 005
S| £ &8 & |22 E
' ! @
= 2 = 2 & ° 7
)
H. pylori No H. pylori

Figure 10. Fluorescencesorted IL-10R-positive AGS cells:
Bars represent the proportion of positively stained AGS cells within the selected range of fluorescence
(M1). The xaxis is the percentage of positively stained cells hrdsaxis is the condition of cells during

staining.
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In paralle] the THP-1 cell line was included as a positive control because it has been
previously reported to express-IIOR constitutively and at higlevel (Tanet al, 1993).

The primary antibdies used were again moumatilL-1 0 RU ant i body and th
control. The same secondary antibody was used. 78.08% ofHRel Tcells expressed

IL-10R constitutively and this was increased to 94.19% witipylori infection (Figure

llaand p

In contrast to AGS cells, ahift in the position of the peak was observed wheiP-IL

cells were cultured withl. pylori andtogether with the increase on the percentade -of

10R positive cells (Figure 1la and Imdicates that there were moreHR-1 cells
expressing 1-:10R and each cell expressed10QR at an increased level when infected
with H. pylori. When the cells were stained with secondary antibody onlyith no
primary antibody, 5.97% and 0.04% of th&lA-1 cells emitted the fluorescesignal
respedively (Figure 1le and f). The experiment was repeated once with consistent

results.
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78.08%
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b) 94.19%
d) £ 30.45%
f) 0.04%

Figure 11 IL -10R FACS analysis of THPL1 cells:
Cells were either left uninfected (a, c, e and fndedted withH. pylori 60190 strain (b and d). Cells were

thenstained with mousantiiL-1 0 R U

antibody

(a and b)), the

sotype

and f). AnttmousePE was used as the secondary antibody (except in f). These histogram plots show
intensity of fluorescence on theaxis and number dafells (events) on the-gxis. M1 is the marker region
which indicates the fluorescence from positive staining. Percentage figures indicate the proportion of

events within region M1.
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Although the amount of isotype control used was the same as with AGS tbel
percentage of positivelgtained THPL cells with isotype control was very high (Figure
12). High level staining with isotype control antibody indicates that the antibody should
be used at lower concentratiozsd that perhaps there was rspecifc staining Due to

this, another assay needs to be carried out to validate these experiments.

% 100 5 94.19
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21| %528 5
= k) = a |&§° | &
c
D
H. pylori No H. pylori

Figure 12 Fluorescencesorted IL-10R-positive THP-1 cells:

Bars represent the proportion of positivetained THP1 cells within the selected range of fluorescence
(M1). The xaxis is the percentage of positively stained cells and-trdsyis the condition of cells during
staining.
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3.1.2.2. Measurement of IL10 binding to gastric epithelial cells.

The results from FACS assay using antibodies were not adequesearch of other
reagents and methodsywas apparent that an410 Fluorokine assafR&D Systems Ltd,
Abingdon, UK) has been used by many others investigatelL-10 interactios
(Fernanezet al.,2004; Jiet al.,2003; Duet al.,2006).This flow cytometry basedssay
detects théinding of fluorescently labelled H10to cells. It was used to determine{10
binding to epithelial cells culturedith and withoutH. pylori. Briefly, AGS and THR1
cells were infected witlH. pylori 60190 strain or left uninfected. They were then
incubated with biotinylated H10, followed by avidifFITC. The kit included a control
biotinylated protein to ensure that-Il0 binding was specific. An additionabntrol

involved preincubating the 1L10 with blocking antibodies prior to adding it to the cells.

The mean percentage of-Il0-binding cellswas very high for the uniected cells which

was about 73%Figure 13) Surprisingly the binding was decreasathen AGS cells
were infected withH. pylori 60190 €ag+ strain) and Tx30ac@g strain) to 40% and
22% respectively Rigure 13. This decrement was statistically significant (p<0.05).
However, this was the reversed for THRell line where the percentagébinding was
increased with infected cells compared to uninfected cells (Figure 14). Also, the

percentage of £10-binding cells was not as high as AGS cells.

The fluorokine assay was repeated four times with consistent results. The results from

this assay did not agree with FACS assay using antibodies where a higher proportion of
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cells expressed HL 0 R U-10R lextpression was therefore investigated using the third

technique, RTPCR.

80.00% -
_, 70.00% -
= 60.00% A
5 50.00% - [

T
72.97%

o) 0
S 30.00% A 40.70% T

1=
]
S 20.00% -
= 10.00% -

0.00% T T .
no Hp 60190 Tx30a

21.97%

Figure 13. IL -10 binding by AGS cells

Cells were left uninfected or infected with pylori 60190 at MOI of 10 and were used in Fluorokine

assay. Bars represent the mean percentage of binding from 5 separate experiments and error bars display
the standard deviations.indicates significantdecreasein IL-10 bindingcompared withcultures in the

absence ofl. pylori (p<0.05).Hp=H. pylori.
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Figure 14. IL -10 binding by THP-1 cells

Cells were left uninfected or infected witth pylori 60190 at MOI of 0 and were used in Fluorokine
assay. Bars represent the mean percentage-bd lhinding from 5 separate experiments and error bars
display the standard deviations. Hb=pylori.

3.1.3.1L10R mRNA expression by realtime RT-PCR.

Primers were designddr the humanL10RA andIL10RB genes. The redlme PCR was
carried out to measure the relative mRNA expressiol. b®RA and IL10RB between
uninfected and infected AGS cells. Total RNA was extracted from uninfected and
infected AGS cells. mMRNA was reverganscribed and used in reaaghe RT-PCR. The

ratios of gene expression levels were calculated using the Pfaffl equation (Pfaffl, 2001).
The data were normalised agai®APDH Results were reproduced in three individual

experiments, with each parametested in four replicates.
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From these experiments, it could be seen that the level of MRNA expression for both
IL1LORA and IL10RB were increased when AGS cells infected wkth pylori. But the
increment forlL10RB mMRNA level (25fold) was far higher tharhat of IL10RA (2.5

fold) (Figure 15). To validate this, {LOR expression at the protein level was quantified

by western blotting.

50 -
45 -
40 -
35 -
30 -
25 -
20 - 24.7
15 -
10 -

fold difference in mRNA level

IL-10RA IL-10RB

Figure 15. Upregulation of IL-10R mRNA expression in infected AGS cells

Total RNA was extraed and reversganscribed from uninfected and infected AGS cells. Each
experiment consists of-dnalysed samples. Bars representrtteanfold difference inlL-10RAand IL-
10RBmMRNA expression levels between uninfected and infected &afler bars remrsent the standard
deviation of the mean. The results were reproduced in three individual experiments, with each parameter
replicated four timesData were normalised agaifGAPDHexpression.
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3.1.4. Quantifying IL-10R expression by SDAGE and

western Hotting.

To confirm results from redaime RT-PCR, IL-10R expression by AGS cells was
investigated using western blotting. AGS cells mwvéll plates were infected witHl.

pylori 60190 strain or left uninfected. After 24 hours of incubation, cells wdubigsed

in 2x SDS buffer and electrophoresed on 10% $HA&E gels. Proteins were then

transferred onto nitrocellulose membrane and probed witHla#iti0 R U  ellr-1 CaRft i
antibodies. Membranes were-peobed with antb act i n anti body to ac

control.

Figure 16 showed the Western blot results where 63 kDa, 37 kDa and 42 kDa are the
apparent molecular weight of{L 0 RU-1 0 Rh -aatirdresgectively. From this, it

can be seen that the expression 6Ll RU was si mi | ar nddndettede en uni
AGS cells (Figure 16 (ai)). Since the-LO RU bands wer e weak, it ow

see if there was any difference in intensity.

In contrast, the 1 O R b expression was increased i n
uninfected cells (Figure 16 (bi This result was similar to the ret@ihe PCR data. There
were no bands detected in the control lanes which received no primary antibodies. The

experiment was repeated and gave consistent results.
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b
Anti-IL-1 0 R No Primary Ab
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b)
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Anti-IL-1 0 RMo Primary Ab
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42kDa —» = "
Anti-b actin No Primary Ab

Figure 16. Western blotof IL-1 0 RU ah@RB Lexpr ession in AGS cell s

AGS cells were grown in-@ell plates and infected withl. pylori 60190 strain (MOI = 10) or left

uninfected. Proteins from solubilised cells were electrophoresed in 104”8088 gels and transfer to

nitrocellulose membrane. Blots were probed with-#ntl O RU ant i bodl-1 Q0 Bb ) ammnidb adiyt i
(bi). Blots were regprobedwith antth actin anti body (ai.i and bii) to ser
Hp-= uninfected AGS cells and Hp+ = infected AGS cells Wittpylori 60190 strain.
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3.2. Bacterialepithelial cell co-culture

experiments and quantification of bacteral

densities.

Previous studies in the lab have shown that 20ng/ml efl@llinduced a significantly
increased bacterial density (p<0.002) and gastric biopsies with the highgstlori
density grading (3 on a scale o8 contained §old higher levels 61L-10 mRNA than

the samples with a grade of 1 (Robinsgtnal, 2008). Further caulture experiments
were therefore carried out to confirm or refute the previous work and to determine

whether it is reproducible.

3.2.1 Dosedependent effect of rlL-10.

From previous work, an effect was observed with 20ng/ml but as it is difficult to
determine whether this concentration is physiologically relevant, effects from lower
concentrations were tested. As a starting point, the effects dforiat 5ng/ml, 10ng/in

and 20ng/ml of rIk10 were tested in eoultures of AGS cells and the 60180 pylori

strain. Each culture condition was carried out in 6 replicates. There was a significant
increase in bacterial densities with 20ng/ml (p=0.0015), 10ng/ml (p=0.000Bnayahl
(p=0.001) of rIL-10 (Figure 1}. The experiment was repeated once with consistent
results.Lower concentration of rH10 at 2.5ng/ml was also tested in separate experiment

but there was no significant effect.
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Figure 17. Effect of rIL -10 concentration on the density of H. pylori 60190 in doseadependent

manner:

Cells were infected with 601961. pylori strain at Olgy 0.01 and rl-10 was added at different
concentration. Bars show the mean of colony forming units pdroml 6 replicates. Error bars represent

the standard deviation of the mean. * indicates significant increase compared with cultures in the absence
of IL-10 (p<0.05).

3.2.2. Determination of whether growth effects of IL10 were

direct or indirect.

This experiment was to determine whether growth effects efO0Lmediated directly on

the bacteria or indirectly via the AGS cells. Infected and uninfected AGS cells were
added with and without 20ng/ml of HLO. There was a significant increase in bacterial
nunbers when rlE10 was added to the infected AGS cells. No significant increase was
observed on the addition of HLO to the bacterium alone (Figure )18he experiment

was repeated once with consistent results.
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Figure 18. Effect of adding 20ng/ml rIL-10 onH. pylori 60190, with and without AGS cells:

The bacteria were grown alone or with AGS cells and treated with or without 20ngAi0.riAfter 24

hours (T=24hrs), the number of colefgrming units/ml (CFU/ml) in 6 replates with and without
20ng/ml was determined (open bars). Closed bars show the number of colony forming units/ml at O hours
(T=0hr). Bars and error bars represent the mean and standard deviation. * indicates a significant increase
compared with cultures ithe absence of HL0 (p<0.05) and NS denotes a not significant increase
compared with cultures in the absence ofLlL

3.2.3. Effect of rIL-10 on different strains.

Since the last two experiments only examined the effects-20lan the 6019®1. pylor
which is acagPalpositive strain, the next experiment was conducted to see-ifClhad
effects on other strain. Therefore, an experiment was carried out to examine the effect of
riL-10 on thecagPaklnegative strain Tx30a. The result showed thatl@Lsignificantly

increased the density ¢f. pylori 60190 strain bacteria (p=0.004) but no such effects
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were observed with theagPalnegativeH. pylori Tx30a strain (p=0.347) (Figure 19

The experiment was repeated once with consistent results.

1.40E+08 -
NS

1.00E+08 -

8.00E+07 [

CFU/mlI

6.00E+07

4.00E+07 A

2.00E+07

0.00E+00
No IL-10 20ng/ml IL-10 No IL-10 20ng/ml IL-10

60190 Tx30a

Figure 19. Effect of adding 20ng/ml rIL-10 on the bacterial density ofH. pylori 60190 and Tx30a

strains:

AGS cells were infected with 60190 or Tx38apylori strains and were treated with 20ng/ml-dlQ or left
untreated. After 24ours, the number of colorfgrming units/ml (CFU/mI) in 6 replicates with and
without 20ng/ml was determined. Bars show the mean and error bars show the standard deviation. *
indicates a significant increase compared with cultures in the absencd @{pk0.05) and NS denotes a

not significant increase compared with cultures in the absenceldf. IL

3.2.4. Determination of whether the effect of rll-10 depends on

the cagpathogenicity island.

The strains Tx30a and 60190 vary in more than just beingiy@sit negative for the

cagPal. Therefore an experiment was carried out to compare the 60190 wild type (WT)
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with its isogeniccagE mutant strain which cannot express a functioceg type IV

secretion system.

After 24 hours incubation, there was no sigpaint increase in the density bif pylori
60190 WT bacteria when 10ng/ml ¢10 was added compared to the number of WT
bacteria withno addition of rll-10 (Figure 2). There was no obvious difference

bacterial densityd. pylori 60190cagEmutant with @ without the addition of rIE10.

1.40E+08 - NS
1.20E+08 -
1.00E+08 - T NS
<>
E 8.00E+07 -
2 I
S 6.00E+07 - T
4.00E+07 -
2.00E+07 -
0.00E+00
NoIL-10 | 10ng/mlIL-10 | NoIL-10 | 10ng/ml IL-10
60190 WT 60190@pCagE

Figure 20. The effect of 10ng/ml rIL-10 on the density oH. pylori 60190 WT andcagE mutant:

AGS cells were infected with 60190 WT or its isogertagE mutant strains at Qdgy 0.01 and wre treated

with 20ng/ml rIL-10 or left untreated. After 24 hours, the number of celimmming units/ml (CFU/ml) in

6 replicates with and without 20ng/ml was determined. Bars show the mean and error bars show the
standard deviation. NS indicates a noh#igant increase compared with cultures in the absence ddIL
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3.3. Quantification of IL-8 release.

Expression of the prmflammatory chemokine H8 was measured to confirm that
interaction between AGS cells akd pylori exists. Supernatants from-calture of AGS
cells andH. pylori 60190 strain were collected and-8_was assayed after 24 hours.
Figure 21 showed that the production of8Lwas much higher in infected AGS cells
compared to uninfected cells and the difference is statistically signif(p<0.0005). The

experiment was repeated once with consistent results.
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Figure 21 Expression of IL-8 by AGS cells:

Cells werdeft uninfected oiinfected with 6019(. pylori strain at MOI=10 Bars show the mean tf-8
concentration from six culture well&rror bars represent the standard deviation of the mean. * indicates
significant increasef IL-8 release from infected celt®mpared with culturesf AGS alone(p<0.0005).

Hp=H. pylori.



CHAPTER 4:

DISCUSSION



ChronicHelicobacter pyloriinfection is associated with gastritiuiperset al., 1995)
and may cause diseases suclp@gstic ulceration, gastric canc@rahamet al., 2004)
and gastric MALT lymphoméEidt et al.,1994) Only a minority of infected individuals
suffer symptomaticliseaseThis is thought to be due tmacterial, host and environmental
factorswhich areknown to influencehe outcome o&ninfection (Atherton, 1997)One
of the important host factors involved in nikythg the disease outcome is-Il0, anantk

inflammatory cytokinghat exertsegulatory effects on many cells.

Reports have shown that-10 is abundanin the human gastric mucodaringH. pylori
infection (Lundinet al, 2007; Gollet al, 2007).Furthermore, e IL-10 responsehas
been correlated with increasbacterial density and reduced pathology (Robiresoal,
2008) inH. pylori infection. Therefore, in the lighof these finding, more detailed
information onthe role of Il-:10 in modulatingH. pylori-mediated diseases is now

required.

The purpose of the current study was to firstly investigat&QLlreceptor expression by

gastric epithelial cells (which orchestrate the inflammatory responsel. tylori

infection) and secondly to study teffects of IL-10 on these cells when infectidvitro.
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4.1. IL-10 receptor expression by gastric epithelial

cell lines.

To date, nothindnas been reported in the literature concerning the expressiorl0RL
by gastric epithelial celldt is very important to understanthis asgastricepithelial cells
are probablythe main effector cellan defence againgtl. pylori and IL-10 is a major
factor in the host respons&he important question to address here is whether gastric

epithelial cells can bind td_}10 and respond to it.

Although there is no published date IL-10R expression by gastric epithelial cells,
studies have shown that epithelial cells frahe murinesmall and large testine
constitutively expresthe receptor for IE10 (Denninget al, 2000) This was confirmed
by another study which performed FPICR analysigo deteciL10RA(t h echaild of the
IL-10 receptoy mRNA, in a mouse intestinal epithelial cell linal{Ashy et al, 2006)
Theyalso utilisedFACS analysis to show that HLO was able to bind tthese cells. One
interesting study showed induction of1l0OR expression bliuman dental pulp cells, in
the presence of bacterial LRBokudaet al, 2003) For that reason, it was hypothesised
that the levels of ILLOR expression would also be increased ugopylori-infection of

human gastric epithelial cells.

In this study, experiments using immunofluorescenaeroscopy, flow cytometry,
RT-PCR and western blotting were carried out to characterisSEDR. expression by

gastric epithelial cell lines.
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4.1.1. Immunofluorescene microscopy.

AGS cells, ahuman gastric epithelial cell linejere cultured with or without the cagPall

H. pylori strain 60190 in chamber slides and assayed fetOR expression after 24
hours. Using an antiL-1 0 RU mo n o ¢ | o mmunofleomescaénde anicgoscopyi
indicated thatAGS cells did express IE10R. Several experiments were performed to
optimise staining conditions; however, the final results were not completely satisfactory.
Although the staining was mostly punctuate, the background was high, indicating that
staining may not be specific. Both uninfected and infected AGS cells in this microscopy
experiments stained positive for the receptor (Figures 7a and b), but it was not possible to
discern whether the level of expression was changed in respohkkepidori infection

using this qualitative method.

As an alternative approach, the humanll. Fluorokine kit (R&D Systems), which
permits detection of labelled 110 binding, was used ithh the microscopy method
described by Micheét al. for staining tissue sectior{#lichel et al, 1997) No strong

signals were obtained, even when using a goodfaadi mounting medium. One major
difference between the methods was the area of staining. The chamber slides tended to
cause the reagents to accumulate around the edges and the wells were of larger surface
area. Scaling up the staining volumes did not make any difference. Given the availability

of smaller multiwell slides, we would like to repeat these experiments.

Microscopy could provide basic information about-1QR expression by gastric

epithelial @lls, but it is unlikely to be the best technique for analysingldR.
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Microscopy is most useful when the molecules of interest are expressed at fairly high
level. Since IL10R has been found to be expressed at low level in some cells such as NK
cells (Carsonet al, 1995) the level of IL-10R expression on gastric epithelial cells may

be similar. In this work, the anliL-10R antibody may bind to its target molecules but the
fluorescent signals may be too low to be visible by eye. A more sensitive and quantitative
method is needet determine if I10R expression is influenced by pylori infection.
Therefore, flow cytometry was used as quantitative method can detect levels of

fluorescence not apparent by eye.

4.1.2. EACS analysis.

The flow cytometry experiments were done in tparts, firstlydetecting the Ik1 0 R U
expression using aAtli-1 0 RU ant i body, t hen -I0ehiadBngtoi ng t he
gastric epithelial cell lines. As an additional positive control, the human monocytic THP

1 cell line was included as these cells are known toesgdi-10R (Tanet al,, 1993)

4.1.2.1. Measurement of IL10R expression using antibodies.

Infected and uninfected AGS cells were stained withintl ORU ant i body and a
using a flow cytometer for the level of4LOR expression. Controls included cells stained

with an irrelevant antibody (isotype control), cells stained only with the secondary
antibody, or totally unstained cells. All contsoshowed very low fluorescent signals

indicating the staining was specific and this assay might be a reliable technique for

detecting 1l-10R expression by gastric epithelial cells.
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THP-1 cellswere found to expressuch higher levels of H10R compared t&GS cells.
Monocytic cells respond rapidly to infection or components of infectious organisms.
They express high levels of tdike receptors and also play an important role in
inflammation (Baset al., 2008). Thus, it is a must for them to exhibit highl0R
expression so that they can turn this response off when needed to prevent tissue damage.
Unfortunately, with this cell line, the controls used were not satisfactory. The percentage
of IL-10R-positive cells in the isotype control, for both infectedl aminfected cells,

were very high (Figure 11) which meant that the results from AGS cells were unreliable.

Since the antibody specificity was questionable and the level of staining was low, FACS
experiments using the human-10 Fluorokine assay wererc&d out. This is widely

used in investigating responsiveness td.Ql, and far better controls were employed.

4.1.2.2. Measurement of IL10 binding by gastric epithelial cell lines.

Due to unsatisfactory results from previous-1QR antibody and flowcytometry
experiments, this work was extended using a humalOIEluorokine assay. Instead of
directly measuring the level of {LOR expression, this assay provided data on the

proportion of gastric epithelial cells which bound1D.

As expected, IE10 binding of H. pylori-infected THR1 cells was higher than the
uninfected cellgFigure 13. THP-1 cells are monocytic cells which are known to play an
important role in inflammation and should respond rapidly to infection ¢€Bat, 2008).

These cells &ive been found to express10R upon stimulatiofiTakasuget al, 2006)
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Unexpectedly, a very high percentage of uninfected AGS cells bouf@ (Z3%). The
proportion was decreased when AGS cells were infegtigdH. pylori strains 60190 and
Tx30a (Figure 12). What is more, the percentage of cells that bouhd Was the lowest
when cells were infected with th& pylori cagPalnegative strain Tx30a compared to the
uninfected cells and those infected with tdagPalpositive strain 60190 cell&lthough
the differences were not statistically significant, the trend indicatesc#gRal activity
may have caused the cells to bind morel@ and would lead to increased-10-

mediated effects omfected gastric eghelial cells.

The result should be reliable as two different specificity controls as provided with the kit
were assayed simultaneously with the test sample. One control consisted of an irrelevant
protein which was biotinylated to the same degree alILThe other used arii-10

antibody to specifically block H10 binding to its receptor.

Two other human gastric epithelial cell lines MKI8 and MKN 45 were tested for
IL-10 binding, but only AGS cells provided a consistent result. The trends may be
peculiar to the AGS cell line only and this is a weakness of the study. Since there is no
literature on I10R or IL-10 binding to normal human gastric epithelial cells, this

research needs to be done.

Although, these cell lines are designated as gaspithedial cell lines,they exhibit

different characteristicsAGS cells have anintestinal epithelial cell morphology

whereas, MKM5 cells exhibit a gastric cell phenotygMatsudaet al, 2008) Both
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originate from tumoursthereforeit is not possible for them to exhibit many projesst
such as expressioof genesnvolved in carcinogenesis, differently between th&ineng

et al, 2009) They also have different ratef apoptosigYang et al, 2004) levek of
NF-a B a ct (Livead,i2@0B)and defensin expressidBajajElliott et al, 2002)
Since these were alswiginally associted with H. pylori infectiors, therefore they may
responddifferently during infection. Furthermore, it was reported that, STAT3 activity
which is activated following I£10 stimulation, was high in AGS and MKN 45 but low in

MKN 28 (Yu et al, 2004). Thus, tkese cells are likely to respoddferently to I1L-10.

Since 110 binding to AGS cells decreased ugénpylori infection, it was speculated
that IL-10R may be internalized as previously reported for human neutr@plbisn et

al., 2001) and macrophagefu et al, 2006) In the latter study, the human-IO
Fluorokine assay was used which showed a rapid decrease-10 hinding to
macr@hages upo stimulation. Although these reports are on phagocytic cells, other
cytokine receptors e.g. L 3 RU 2 , have also been found to be
molecules in human primary bronchial epithelial cells and fibroblg&iastantinidiset

al., 2008) There havebeen some reports that. pylori can be found within gastric
epithelial cell(Lozniewskiet al, 2003; Papadogiannakét al, 2000) This could mean

that H. pylori as well as other molecules on gastric epithelial cell surface e-fORL
could be intemalized simultaneously. The fluorokine assay was adapted to determine if
the IL-10R could be intracellularly located in the AGS cells. For intracellular staining,
the cells were fixed with 0.5% formaldehyde prior to permeabilisation and staining.

Unfortundely this resulted in a dramatic reduction inr10 binding to uninfected cells.
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This is probably due to formalimduced protein crosiinks causing structural changes in
the IL-10R. Other methods to check for localization ofll@R should be investigated
To support this work and confirm its findings, -IOR expression was further

investigated using RPCR.

4.1.3. Measurement oiL10R mRNA expression by real time

RT-PCR.

Reattime PCR was carried out to measure the expressitinlORAandIL10RBIn H.
pylori-infected AGS cellsn comparison to uninfected cells. Cells were cultured with and
without H. pylori 60190 strain in @vell plates. Cells were harvested and total RNA was
extracted from these cells. mMRNA was revdarsascribed and used in rdahe
RT-PCR. Primers for the humdh10RAandIL10RB genes were designed so that they
cross at introrexon boundaries. Before using them on test samples, primers were
validated using commercial human cDNA and products were run on 1.5% agarose gel to
confirm that they were at the required size. Bdtl1lORA and IL10RB data were
normalised againsGAPDH expression. Results were reproduced in three individual

experiments, with each parameter tested in four replicates.

It was shown here that the transcripts lfofORAandIL10RBwere expressed in infected
AGS cells after 24 hours witll. pylori infection (Figure 14) thus confirming the
previous data. In contrast to the-1l0 Fluorokine data however, expression of both genes

was upregulated upon infection. The inonent for thelLLORBwas far greater than that
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of IL10RA It is possible that the high level wpgulation ofILLORB may be due to it
being utilised in other cytokine receptor complexes such a&2R (Donnelly et al,

2004) Although IL-22RA and IL-10RA are reportedly not expressed on the same cell
type (Wolk et al, 2004) however, these authors did not study gastric epithelial cells. A
few human organs have been found to expres22R, including the digestive system
(Wolk et al, 2004) Epithelial cells are one of the céylpes found to express {22RA

(as reviewed by Wolk & Sabat, 2006). The gastric epithelial cells may be expressing both

types of receptor complexes but further investigations need to be done to confirm this.

A limitation of the data is that a comparativeethod was used. It was not possible to
determine the actual expression leveldldfORAandIL10RB In order to set up a fully
guantitative PCR, thie10RAandIL10RBcoding sequences could have been cloned into

a plasmid to be used as a standard cudwdortunately, there was no time for this. In
addition the real time RPCR was only measuring 1LOR expression at the transcript
level, the amounts of translated protein of both subunits were not known. Since there are
several steps between transcriptiand translation whickcontrol protein expression,
RT-PCR may give an inaccurate representation ef0OR protein. In order to address

this, western blotting was then used to measw&0R protein expression.



4.1.4. IL-10R protein expression by SD$®age and western

blotting.

AGS cells were cultured with and withodt pylori 60190 strain in @vell plates. Cells
were solubilised in SDS buffer and protein were electrophoresed on 10%°S86G5
gels before being transferred onto nitrocellulose membranesIlAat0 RU  ollt- ant i

10Rb antibodies were used to probe the membr

Using this analysis,the L ORU band density appeared to be
uninfected and infected cells (Figure 15 (ai)). However, it was difficult to measure the

densiy of the bands as the signals were not strong enough. Even SignalBoost, which has

been reported to enhance the signal, was used in this experiment but still did not give any
difference. This result may indicate that thellQR was constitutively expressbygd AGS

cells. This may be so since some cell lines sucBrFRABIA (a human skin fibroblast cell

line) and U937 (a human monocyte cell lird$o have been reported to constitutively

express IE10R, and there was no wpgulation when stimulated with LPS (Hioda et

al., 2003).

Interestingly, the L O Rb expression was <clearly being e
cells compared to the uninfected cells (Figure 15 (bi)). This result agrees with data from

the RT-PCR experiments. As mentioned earlier, the vaghhncrement in ItE1 0 R b

expression could be due to it being incorporated into other cytokine receptor complexes

such as IE22R (Donnelly et al, 2004) This has yet to be confirmed as there is no

published report on H22R expression by AGS cells or other gastric epithelial cell lines.
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A study reported that H10 and I-22 has been foundnsultaneously in both systemic
and local inflammation but, apart from competition forIlO Rb, t hey di d not

each othefWolk et al, 2005)

4.1.5. Summary of the findingdor IL -10R expression.

In summary, immunofluorescence microscopy was not a suitable method to detect IL

10R expression as there was highelebackground staining indicating that the staining

may not be specific (Table 4¥he FACS analysis using aiiti-1 0 RU ant i body al
failed as the isotype control for the THRcells showed very high fluorescent signals and

therefore the results obtained with AGS may be unreliable. The humih Rluorokine

assay, however, may be thast reliable method to use as the controls utilised in this

method worked well and the results were reproducible.

The IL-10 Fluorokine assay showed that a very high proportion of uninfected AGS cells
bound IL-10. This could mean that the AGS gastridteglial cell line expressed HLOR
constitutively. The data from this work surprisingly showed a rapid decrease in cell
surface binding of ILL0 uponH. pylori infection. It is hypothesised that this may be due
to the receptor being internalised when tle#ls were infected, as described in another
study(Du et al, 2006)but experiments to test this meeunsuccessful. In addition to using
the Fluorokine assay, Det al. confirmed receptor internalization by showing a decrease
in cell surface IE10RB subunit using immunoblotting. Similar experiments should be

carried out to validate the Fluorokine assaya in this study.
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With RT-PCR and western blotting experiments, this study showed an increase in protein
and transcript for the HLORB subunit when cells were infected with pylori. This is

may be due to the subunit being shared by other receptqrlexes such as R22R.
Although there is no published data on10RA and Il-:22RA expression in gastric
epithelial cells so far, these cells may be the target cells f@2Iks this cytokine has

been reported to target epithelial cells.

Techniques Detection of:-
IL -10RU IL-10RbD IL -10 binding
(Fluorokine)

Monoclonal antibodies

and Questionable

immunofluorescence speciftity Not done

microscopy

Fluorescent IL-10 and

immunofluorescense ' ' Very we& signals

microscopy

Monoclonal antibodies Questionale N

g ot done

and flow cytometry specifcity

Fluorescent IL-10 and Strong specific

flow cytometry binding to AGS
cells. Binding
decreased upon
infection withH.
pylori

RT-PCR Expression Expression

increased 24old | increased 25old
upon infection uponinfection with
with H. pylori H. pylori

Western blotting Expression Expression
similar for increased in
infected and infectedcells

uninfected cells

Table 4. Techniques used for detection of IE10R expression and 110 binding to AGS cells
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4.2. Bacterialepithelial cell co-culture

experiments and effects of |10 on bacterial

densities.

Previous experiments in this study have confirmed that the gastric epithelial cell line,
AGS does express 1LOR. Although the proportion of cellsnaling IL-10 was decreased
when infected withH. pylori, there is still a clear possibility that-ll0 may exert its
effects duringH. pylori infection. Furthermore, previous studies in the lab have shown
that human gastric biopsies with the highstpylai dersity grading (3 on a scale of
0-3) contained Gold higher levels ofL10 mRNA than the samples with grade of 1 and
20 ng/ml rIL-10 induced a significantly increased bacterial density (p<0.00Z).in
pylori-AGS coculturesin vitro (Robinsonet al., 2008). ThereforeH. pylori-AGS co
culture experiments need to be done to investigate i0lican exert its properti@s vitro

and also to confirm or refute previous findings.

Using viable countingn H. pylori-AGS co-cultures this study has shown aednfirmed
that adding tL-10 promotedthe growth of H. pylori in dosedependent manner.
Additionally, the effect of IE10 was foundto be mediated through gastric epithelial cells
since there was no significant effect on bacterial growth wepylori was cultured
alone. Itwas hypothesisethat, in the presence ofL-10, gastric epithelial cellsnay

produce less antibacteriaffector moleculesllowing bacteria to survivegr IL-10 may
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induce the cells to provide more favourable environmenfor H. pylai to grow (for

example, expressingrowthfactorsor increasing intracellular uptake)

The positive effect of IL-10 on thedensities of acagPalpositive strain but nog
cagPalnegative strainshown in this ceculture studyproved that the presencéthis set

of genes is important for HLO to modulate the outcome of infection. For additional
evidence on the importance tife cagPal for IL-10-mediated effectsan experiment
comparing effects of H10 in AGS cecultures with theH. pylori 60190wild type strain
and its isogeniccagE mutant was carried out. The resu#tsowed that there was an
increase in growth of theild type strain when rlk10 was added but not the mutant.
Although this did not reach statistical significanceéhe trend was similato the
experimerg using 60190 and Tx30&d. pylori strains. IL-10 may therefore be

suppressingagPaldependent effects on cells.

It has been reported that tbagPalencodedl'4SS delivers CagA protein (Fischetral.,
2001) and peptidoglycan (Viakt al, 2004) into the host epithelial ltse and activate
NODL1. This activation will lead tactivaion of NF-a Bwvhich induceghe expression of
genes encoding prioflammatory cytokines, including H8 (Chu et al, 2003) and
defensins such as hBDP (Wadaet al, 2001).A recent study reported tha&t. pylori
induces acagPaldependent increase in mucosal inflammation which is accompanied by
expression of an array of antimicrobial peptides such as2h@Bornsbyet al, 2008)
Thereare many other antibacterial effectors durithgpylori infection but hBDB2 could

be used as a starting poi@@ompared to hBEL, onlythe gene encodingBD-2 has the

122



binding sites for N B i n t he pr omo t2e(kiu esad. W& nSnee o f
rhiL-10 has been found to inhibit N\&B a c t i v a8 ekpeessiona IH. ghyloti-AGS
co-cultures(Robinsonet al, 2008), it is tempting to speculate thatl1D also inhibits

hBD-2 expression by gastric epithelial cells through suppression-@ BF a cobh.i v at i

IL-10 is also known to act on immune and inflammatory cells such as T cells and
neutrophils (Grouxet al., 1998; Niiro et al., 1997) by decreasing their activity.
Furthermore,H. pylori-infected IL-10" mice suffered from severe inflammation then
cleared the infection (Matsumoat al.,2005). IL-10 has also been found to suppress IL

8 secretion and expression of intracellular adhesion moldc(ii€AM-1) in H. pylori-

AGS coculture assays (Zakariat al., 2008). All of these showed that HLO has tk
potential to suppress of the inflammation a@agportprolongedcolonisation oM. pylori

in the gastric mucosa.

However, increaseis bacterial densitynay lead to higher production diacterial toxis
and oxygen radicals in the gastric muc@say tem. Thesemaythen promotexidative
damage in the host cells andeatually,the host cells may be at higher risk of cancer
development. This type of damage is not easily repairedHamylori eradication must
be given before the appearance of-praigrant pathology to completely avoid gastric

cancer (Farinatet al.,2004).
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4.3. IL-8 release by AGS cells.

Many studies have confirmed that increased levels & i the gastric mucosa occur in
association wittH. pylori infection (Kim et al, 2001; Reret al, 2001) Work fromour
research gup reported that there were -1@ld higherlL8 mRNA levels gastric tissue
from infected patients compared to uninfected patients (p<0.00Rdbinsonet al,
2008) IL-8 expression is a predominant inflammatory marker which is commonly used
to show thaigastric epithelial cells in culture are capable of initiating changes related to
acute inflammatior{(Crowe et al, 1995) IL-8 expression was shown previously to be
downregulated upon the addition of rkllO in H. pylori-AGS cocultures in a dose
dependant mannéRobinsonet al, 2008) The significant (p<0.0005) production of-IL

8 by infected AGS cells in the current study (Figure 20) showed that thieo model in

this study was working as expected, ggisimilar results to previous published work
(Robinsoret al,, 2008)and thus demonstrating the important role of epithelial cells in the

inflammatory process.

4.4. Critical analysis of the methods.

4.4.1. Cell lines.

In this study, human gastric epitia cell lines originating from adenocarcinoma tissue
were used since gastric epithelial cells do not survive for longer than 24 hours after
extraction from normal tissue and are difficult to obtain. It would also be extremely

difficult to eliminate immue cells and other cells that are present in the gastric
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epithelium. This would complicate the results as such cell types have been found to
express IE10R (Elbim et al, 2001)and IL-10 (Edwardset al, 2006; Lundgreret al,

2005) Since cancer cells were used, these may exhibit different properties from normal
cells. In particular, they may not show the same level efOR expression as the non

malignant gastric epithelium.

Alternative methods for analysis of normal gastric epithelium may be utilized such as
immunohistochemistry. Sections from biopsiesdopylori* andH. pylori” patients could
be stained with aliL-10R antibody or human HLO Fluorokine reagents. However,

endogenous H10 may be present and could interfere with the result.

In addition, epithelial cells could be extracted from tissue sections using laser capture
microdissection (LCM). LCM is a method of isolating celldraérest from heterogenous
tissue that has been sectioned, with the aid of a microscope, specialist equipment and
software (EmmertBuck et al, 1996) These samples clbe assayed for HLOR

expression using RPCR, as described by oth€kdakino et al, 2008)

4.4.2. Standardising the number of cells added to the wells or

tubes.

The precise numberfa@ells in each well may differ in each experiment and this could
cause variation in the overall outcome of each experiment. Although care has been taken

to equally distribute the cells into each well during seeding, pipetting errors and cell
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clumping mayhave caused some wells to have a slightly different number of cells.
Moreover, incubation wittH. pylori causes some cells to apoptose and therefore there

would be a reduction in cells remaining after 24 hours.

These differences will contribute to varat within experiments where replicates give a
broader range. A bigger effect is then needed to be able to observe a statistically
significant outcome. Furthermorenequaldistribution of cells will also lead to variation
between experiments as seen wheme assays were not very reproducible for example

human I-:10 Fluorokine assay using MKN28 and MKN45 cell lines.

4.4.3. IL-10R antibodies.

In this study, only one monoclonal antibody wased for the detectionofiLO RU and b
subunit. Availability of such reagents for immunofluorescence is limited and th&_anti
10RU mAb used i nactaallyiecommnsenhdeddfor this/thmsquenany of

these mAbs are recommenddbe used wit western blotting or immunoprecipitation
methods. For western blotting, two more antibodies,-lanfi 0 R U-20) @lyclonal

antibody (Santa Cruz) and aiiti-10R (CD210) mAb (BD Bioscience) were also ysed

but the results were not any better. Between ethego, only anttCD210 is also
recommended for immunofluorescence thgé manufacturer athis antibodycould not

specifyto which subunit of the receptatr will bind. Nothing is known about H10R

expreson by gastric epithelial cellét is thereforeimportant to use mAb specific for the
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IL-10RU s ubuni ttrulysrépresem the IbIOR. The Ik1 O Rb subunit has

found to be part of otheytokinereceptor compleas

4.4.4. Standardising the number of bacteria added to the wells.

Although numbers of bacteria were carefully distributsgually, it is impossible to
eliminate errors in putting the same number of bacteria per well. The optical density
(OD) was used to estimate the concentration of bacteria for infecting AGS o1l THP
cells, but this is not an actual method for counting edacteria as newviable bacteria

also absorb light. Furthermore, multiplicity of infection (MOI) was calculated from OD
value but the actual MOI in the wells maybe different. In order to standardise the inocula
as much as possible, growth was scraped fptaites inoculated 24 hours previously.
This should ensure that the proportions of viable andvwelnle bacteria were of similar
levels on each occasion. This was important to minimise variation within and between

experiments.

4.4.5. Quantitative RT-PCR method.

This technique was used since thellll receptor is thought to be expressed at only a few
hundred molecules per célfanet al, 1993) and the mRNA expression may also be at

low levels. It is a sensitive and accurate method but also has some disadvantages such as
detecting nonspecific PCR products and primer dimers. Fortunately, our hHoPGRr
technique could minimise primer dimer formatig¢ellogg et al, 1994) The presence of

nonspecific products was distinguished by testing-mewerse transcribed RNA in
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parallel with the test samples. In addition, the melting points for the specific products
were also sed as guidelines. The PCR products were run on 1.5% agarose gels to
confirm that the predicted size for the required products was correct. It would be more

specific if Tagman probes were used instead of the SYBR Green method.

Since this is a comparativaeethod of looking at the mRNA level of {LOR expression,

the initial amount was not known. A quantitative -RCR method could be utilized but
time was short and this would have required more work as this involves cloning cDNA
into a plasmid for use in standard curve. Furthermor@ APDH gene expression may

not be the most appropriate housekeeping gene. It would have been useful if an
experiment was done to confirm th&APDH expression levels are unchanged upon

infection of gastric epithelial cells.

4.4.6. Loading control for western blotting.

A gel loading control is important when using western blotting or anytepr

me as ur e me nt -adtire esednni thgsistedy, .maynot be a reliable loading control

for western blot analysis as depicted by another stDdymer & Dittmer, 2006) which
showed t hat t he -atmwashat dbje tosdiffexentiate difterertt leveld

of actin protein. It would be useful, if an experiment is done to check the suitability of
loading controls used as mentioned by a st{Rbueret al, 2009) Furthermore, some

have found that using two total proteimisis (such aSYPRORuby and Amido Black)

may be an acceptable alternatives to a sipgieot ei n c o mattin @ IGAPDPHc h as

(Aldridge et al,, 2008)
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4.5. Conclusions.

Taken togetherthe data in this study highlight a wel and important finding regarding

IL-10R expressin by gastric epithelial cells. This was convincingly shdwrRT-PCR

and western blotting. Thénding was expected as the researgloup had previously

shown that addition of rH10 reduced the H8 response ofl. pylori infected AGS cells

(Robinsonet al., 2008). However, work on the effects Hf pylori on IL-10 binding

capacity of AGS cells and-+10R expression were conflictin@ata indicated that H10

binding was reduced upon infection, but1DR expression was increased. These finding

have not yet been explained but possibly1R molecules may not all be present at the

surface, or possibly the ILORb s ubuni t i s i n-B2aecqptorrcarplexd i nt o

instead.

Results obtained in the viable caimg experiments suggest thdt +10 promotes the

growth ofH. pylori, especiallycagPal+ strains, and the effect is mediated through gastric
epithelialcells. The human H10 Fluorokine assay also showed that a higher proportion

of H. pylori-cagPal+ infected AGS cells bound 410 compared to cells infected with a

cagPal strain. These data suggest that the presence afatiftal is important fothe

ability of H. pylori to modulate the capacity of AG&lls tobind IL-10 and therefore

IL-10 could carry out its effects on cells such as suppressing BF act i vati on. T
thought to be the mechanism of suppressingd land hBD2 which help to promote

bacterial growth.
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4.6. Future work.

In the future, the immunofluorescence microscopy experiments should be repeated using

the IL-10 Fluorokine kit as entioned in a previous studichel et al, 1997) and

perhaps more sensitive methods such'&kdinelabelled IL-10 would be useful

(Denninget al.,2000). More gastric epithelial cell lines would be tested for thekOR

expression to determine if the findings of this study are not just a phenomenon restricted

to AGS cells only. The H10R expression in the huan gastric tissue also needs to be

examined. Monoclonal antibodies of different sources or from different manufacturers

which are specific for 11 0 RU aIn@Rbl Las wel | as those recc

techniques used, should be considered.

Furthermore, rlL10 addition to ceculture experiments orag mutants should be
repeated to confirm that L0 mediates its effect throughcag?aldependent pathway.
Other cagPalpositive andcagPalnegative wild type strains should also be considered.
This has alreadyden completed by another member of the research group (Zekatia
2008) which showed a significant increased of bactet@isity when administering
riL-10 AGS infected wittH. pylori wild-type J99 and 11673#dgPal+) strains but not

J63 and J68c@gPal-) strains.

Work on the effects of H10 upongrowth orsurvival ofH. pylori in epithelial cell ce
cultures shouldbe closely investigatedVestern blot analysisould be carried out to
examine IL-10-mediated inhibition of antibacterial effector exmies example for

defensins, reactive oxygen and nitrogen derivati¥perimentscould also be carried
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out to test whether H10 induces the expression of beneficial factorsgrowth ofH.
pylori. This could be done by adding culture supernatants friuvl@-treated and
untreated AGS cells tél. pylori cultures. The effect of the supernatants on bacterial

growth could be determined by optical density measurements and viable counting.

The best characterized -0 signalling pathway, the Jak/STAT systemill be
elucidated in details. Microarrayould be usedfor the expressiorprofiling of gastric
epithelial cells to determine which genes are differentially expressed in respodse to
pylori and with or without the exposute IL-10. The genes of partitar interest might
include cytokines, chemoking, adhesion molecue antibacterial genes (such as
defensins and cathelicidinggnd other genes thought to be associated \pitd

inflammatory responses.

Finally, experimentavould investigate whether therginflammatory genes influenced
by IL-10 in vitro are also differentially expresseid vivo. Human gastric biopsy
specimens from infected patients would be tested bytirmalgPCR for transcript levels
of IL-10 and other genes that are differentially resg in response to 410 for example
IL-8. In addition, the influence of HLO in vivo may be tested directly by administering

either rIL-10, neutralising ardiL-10 monoclonal antibodies or a placebo to mice.
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