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1. INTRODUCTION

In order to counteract events that disturb homeastauch as infections or tissue injury,
multicellular organisms have developed a mechawgled inflammatory response. Invading
pathogens come into contact first with the mucegathelium and with cells of the innate
immune system. These cells recognize endogenougedagnals, for exampléhe high-
mobility group box 1 protein (HMGB-1))1, 2, and pathogen-associated molecular patterns
(PAMPs) by their germ-line encoded pattern-recagnitreceptors (PRRs). PAMPs are
evolutionary conserved, often structural motifsrfdun wide range of different microbg3).

In mammals PRRs include Toll-like receptors (TLRs)}d NOD (nucleotide binding and
oligomerization domain)-like receptors (NLRR), 5. The receptor signaling leads to the
production of inflammatory mediators such as tunmacrosis factoor (TNF-a) and
interleukin-8 (IL-8) and to the recruitment of iafhmatory cells.

Individual differences in the receptor signalingdaim the cytokine production can be
genetically determined, which further influences tiost response in inflammatory diseases.
Therefore the aims of our study were to investighgegenetic polymorphisms df-8, TLR4
and caspase-recruitment domain 4 ge@GARD4/Nodl) in such gastrointestinal diseases,
where the intensity of host response definitelyedatnes the consequences of infection or
tissue necrosis, i.e. iHelicobacter pylori-induced gastritis and duodenal ulcer (DU), in acut
pancreatitis (AP) and in Crohn’s disease (CD).ddion, we investigated the production of
the ,newly” recognized danger signal and late cytekdHMGB-1 followingin vitro bacterial

infection and in pancreatitis.

1.1. Pattern-recognition receptors (PRRS)

1.1.1. Toll-like receptors (TLRS)

Toll was originally described as a receptor invdlve the embryonic developmej@] and in
the defence mechanism against fungal infectioDriosophila melanogaster [7]. Since then,
ten homologues of the Toll protein (TLRS) have beaentified in humans. TLRs are

transmembrane proteins that are located on thesgdlce or act as endosomal receptors,



recognizing a diverse group of microbial and endoge ligands. TLR4 recognizes
lipopolysaccharide (LPS), TLR5 detects flagellimile TLR9 senses viral and bacterial DNA
among others. Similarly to NOD containing proteifkRs possess LRR (leucine-rich repeat)
domains for the recognition of their ligands. Thewvdstream signaling pathways lead to
nuclear factokB (NF-kB) activation and expression of genes that areluaebin the pro-
inflammatory responsdg, § .

Data on the role of different TLRs in the recogmtiof H. pylori are numerous but
controversial. Backhed et al. demonstrated thahgmy gastric antral epithelial cells do not
express TLR4, while the gastric epithelial celeBnAGS, MKN45 and NCI-N87 express the
nonsignaling form of the receptor. Both primary tgasepithelial cells and cell lines were
induced to secrete IL-8 following infection witH. pylori in a cytotoxin-associated gene
pathogenecity islandcgdg PAI)-dependent manner, indicating that the rediogmiof H. pylori

is independent of the TLR4-mediated LPS signalBjgin contrast, Su et al. found that AGS
cells constitutively express TLR4 mRNA ard. pylori infection induces increase in
transcription, translation and expression of TLRdependently otagA [10]. TLR4 was
demonstrated to be expressed at the apical asawell the basolateral pole of gastric surface
epitheliumin vivo, both in noninflamed gastric mucosa and in chragtve gastritis by
Schmausser et al. The expression of TLR5 and TLRS identical to that of TLR4 in
noninflamed gastric mucosa, but changed to an exabasolateral localization . pylori
gastritis.H. pylori bacteria became directly attached to the apieadyressed TLR4 receptors
in patients with gastritis, supporting their role lainding sites for the bacteria vivo [11].
This correlates with the finding that TLR4 expresspromotes increased adherenceHof
pylori to the surface of chinese hamster ovary (CHOpblast celld10].

TLR4 was shown to display an early, transient uplagn in experimental rat pancreatitis,
suggesting its functional role in the developmenthe diseas¢l2]. In addition, Johnson et
al. described an endogenous pathway mediated by4TlRich leads to systemic
inflammatory response syndrome (SIRS)-like syndrothe triggering factor of which is
released into the blood and tissues during botftneatitis and systemic inflammati¢h3].

This finding further supports that TLR4 is poteliyiassociated with AP.
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1.1.2. NOD-like receptors (NLRS)

The NOD (nucleotide binding and oligomerization dam)-like receptor (NLR) family, also
described as NACHT-LRR receptors or CATERPILLERingolved in bacterial sensing in
the cytoplasm. The NLR family has more than 20 mensikincluding NOD1 and NODZ4].
NOD1 is encoded by the caspase-recruitment domgané CARD4/Nodl), which is located
on chromosome 7pl14-15, extends over 55 kb of gem@NA and is composed of 14 exons.
The protein is built of 965 amino acifi5]. NOD2, which is encoded BARD15/Nod2 [16],

is composed of 1040 amino acid9].

Members of the NLR family, including NOD1 have aitite domain structure. The carboxy-
terminal LRR domain patrticipates in the recogniteord detection of ligands, while there is a
NOD (or NACHT) in central position of the moleculghich posesses ATP-ase activity and
facilitates self-oligomerization. The amino-ternlireffector domain is built from protein-
protein interaction cassettes and can be reprabeitteer by CARD or pyrin (e.g. in case of
cryopyrin) domain. NOD1 has one, while NOD2 has @ARDs. Following the interaction
between the ligand and LRR domain, a complex cométional change of the protein is
thought to be initiated: binding of ATP to an ATibing cassette (ABC) and self-
oligomerization of the molecules are proposed tdhieenitial steps of binding and activating
downstream effector molecules through the aminmvtesl domain(s]14, 19.

NOD1 and NOD2 are expressed in the cytosol of ep#th[19, 2Q and antigen presenting
cells[21], human gingival fibroblasi®?2], myofibroblastd23], astrocyte$24] and microglia
[29]. The baseline expression of NOD1 is constitutiué Vmariable, which is enhanced by
IFN-y, but not by TNF in epithelial cell6]. NOD2 posesses low baseline expression, the
upregulation of which can be exerted by TNF antheraugmented by IFM{27].

The minimal peptidoglycan (PGN) moieties recognized NOD1 and NOD2 are-D-
glutamylmeso-diaminopimelic acid (iE-DAP]28, 29 and muramyl dipeptide (MDHBO0,
31], respectively. There is species specifity in tbeognition of ligands by NODL1 receptors:
human NOD1 requires a tripeptide (L-Ala-D-Gheso-DAP), while the murine receptor
needs a tetrapeptide (L-Ala-D-Glu-meso-DAP-D-Ala) dptimal sensing of PGN82]. PGN

in both Gram-negative and Gram-positive bacterrdaios MDP, but the presence of iE-DAP

is restricted only to the PGN of Gram-negativescégt forListeria spp, Bacillus spp. and
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Gram-positive bacteria in the soil). That is why D should be considered as a general
sensor for most bacteria and NOD1 for mainly Gragatives[14]. The intracellular
pathogenshigella flexneri [33], the enteroinvasiv&scherichia coli (EIEC) [19], Chlamydia
pneumoniae [34] and Pseudomonas aeruginosa [35] have been shown to be detected by
NODL1. In particular, NOD1 was shown to have a @aumle in the containment &f. pylori.
After injected by the type IV secretion system (BF8fH. pylori into gastric epithelial cells,
PGN fragments are specifically recognized by NOB@]. Following activation of NOD1
and -2 by their ligands, they recruit a downstrestfactor molecule, the receptor-interacting
serine/threonine kinase (RICK or RIP2), which teggya cascade leading to the translocation
of NFkB to the nucleug14], controlled by centaurif3l [37], erbin [38] or by the
transforming growth factop- (TGF{3)-activated kinase 139 among others. The activation
of the mitogen-associated protein kinase (MAPKhpatys can be exerted through NOD1
and -2. Extracellular signal-regulated kinase (ER&Q] and p38MAPK][41] pathways are
involved in signaling processes by NOD2, while #wivation of NOD1 may result in the
activation of JUN amino-terminal kinase (JNIBB]. NOD1 is thought to mediate a restricted
pattern of immune responses, the primary role oiclwhs to induce the recruitment and
interaction of immune cells by enhancing the exgos of IL-8, CXCL1/Gra,

CXCL2/Grd3, monocyte chemoattractant protein 1 (MCP-1/ CGi2) CD8342].

1.1.3. Cooperation between NOD containing proteins and TLR

Due to the synergistic effects of the TLR- and N@@htaining protein-mediated signaling
pathways, the cellular response to whole microkesot only recognizing their individual
PAMPs.

NOD1 and NOD2 agonists act cooperatively with th&% agonist LPS to induce the release
of proinflammatory and anti-inflammatory cytokiné®m CD14+ monocytes and CD1la+
immature DCs, and synergize with sub-active do$dsP& to induce DC maturatiof3].
Yang et al. reported that MDP alone is hardly ableslicit cytokine production in human
monocytic cell lines, but exerted priming effects -8 secretion by THP-1 cells upon
stimulation with LPS, which may be partially explad by the up-regulation of MyD88 by
MDP [44]. In addition, Uehara et al. demonstrated thatrstic MDP and DAP-containing
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desmuramylpeptides, signaling through NOD2 and N®@&xpectively, exhibited synergism
with TLR2 (syntheticE. coli-type triacyl lipopeptide), TLR4 (synthetke. coli-type lipid A)
and TLR9 agonits (bacterial CpG DNA) to induce pheduction of IL-8 in THP-1 cellf45].
Bordatella pertussis tracheal cytotoxinN-acetylglucosaminyl-1,6-anhydigd-acetylmuramyl-
(L)-alanyl+y-(D)-glutamylimeso-diaminopimelyl-(D)-alanine) and endotoxin were skgistic
in the induction of IL-&x mRNA and protein, production of nitric oxide aimhibition of
DNA synthesis in hamster trachea epithelial c@l6], in accordance with the results of
Dokter et al., where thé&l-acetylglucosaminyl-1,6-anhydid-acetylmuramyl-(L)-alanyl-
(D)-glutamyl-meso-diaminopimelyl-(D)-alanine induced ILBland IL-6 mMRNA expression
was further enhanced by costimulation with LPS ddMin human monocytegt7]. MDP
had also strong synergistic effects with the myctdréal TLR2 ligand 19-kDa lipoprotein on

the production of TNF, ILf2 and IL-6 in mononuclear cell4§].
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1.2. Helicobacter pylori infection

1.2.1. General features ofH. pylori infection

Helicobacter pylori is a Gram-negative, microaerophilic, neutrophilispiral-shaped,
flagellated[50, 51 bacterium that colonizes the human gastric muemshinduces chronic
inflammation. Since its isolation from human stomdxopsies by Marshall and Warren in
1983,H. pylori was shown to be an etiological agent in the deatnt of gastritis, peptic
ulcer [52], mucosa-associated lymphoid tissue (MALT) lympho[Bd], gastric atrophy
with/without intestinal metaplasi®4] and gastric cancé¢bb, 56, 5T. H. pylori was declared
to be the first bacterial classl carcinogen by \WWerld Health Organisation/ International
Agency for Research on Cancer (WHO/IARC) in 199¢. H. pylori infection is one of the
most common bacterial infections worldwide affegtiover half of the whole human
population[59]. The infection is mostly acquired during childhcarttl is connected with low
socioeconomic status. The transmission routeseaad-bral, oral-oral and gastric-oral. If the
infection is acquired, it can persist for the entife of the host unless the eradication therapy

is successfyle0 61].

1.2.2. The cag pathogenecity island ¢ag PAI)

The cytotoxin-associated gene pathogenecity is(aagl PAI) of H. pylori is a 40 kb cluster
of 31 genes that encodes components of the TE333 among others, and was suggested
to modulate the TLR2-agonist activity ¢i. pylori [64]. The presence otag PAI is
associated with increased mucosal inflammation a@odfers elevated risk for the
development of peptic ulcer dised6&] and gastric canc¢66]. The TFSS can be depicted as
a syringe that enables bacteria to deliver the Caigptein and bacterial breakdown products
into the host cells. Knockout mutants for tfieD4 or cagG lose the ability to translocate
CagA and cause temporally retarded or abolishetrigasflammation, respectively. Once
CagA is injected into the gastric epithelial celitscauses tight junction dysfunction and
becomes phosphorylated by Src kinases on the hgossidues of the carboxy-terminal Glu-
Pro-lle-Tyr-Ala (EPIYA) motifs, which enables it foarticipate in processes leading to host

cell elongation (hummingbird phenotype) and change=!l motility [63].
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In gastric epithelial cells, the activation of thanscription factors NikB and activating
protein-1 (AP-1), which leads to the expressionpafinflammatory cytokines and exerts
apoptotic and antiapoptotic effectscegy PAl-dependent. These comprize the upregulation of
the antiapoptotic gene that encodes the cellulaibitor of apoptosis protein Z{AP2) in
gastric cancer cell$67], apoptotic processes exerted mainly through thtsamondrial
pathway[68] and the transcriptional regulation kf-8 [69], among others. In addition, the
cag PAl-positiveH. pylori causes inflammation by a synergistic mechanismatitates IL-

8 and its receptors IL-8RA (CXCR1) and IL-8RB (CXB)Ruy independent pathwajg0].

The levels of TNFRa, IL-1(3 and IL-6, the genes of which are also kKlB—+responsive, are also

elevated in the gastric mucosaHhfpylori infected patientf71].

1.2.3. Host responses td1. pylori

H. pylori infection alternates and evades the host respomdaesh enables the bacteria to
perform a long-term colonization up to several desaeven though local immune responses
are present72]. These responses are not only ineffective in elating the bacterium from
its preferred niche, but actually contribute to tlevelopment of the gastric mucosal lesions
observed irH. pylori-infected individuals.

The function of NOD1 in the host defence agaldspylori seems to be important, because
Nod1-deficient mice have higher bacterial loads affepylori infection than wild-type mice
[36]. NOD1 stimulation results in the production of @tlthemokines, and not merely IL-8.
NODL1 induction stimulates human intestinal epithletiells to produce CXCL1 (Geg and
CD83 as well [4R These molecules are important in the recruitmard interaction of
immune cells and this very probably holds truehi@ tase oH. pylori-induced diseases. The
role of TLR2, TLR4 and TLR5 is controversial in thezognition oH. pylori [73].

The local inflammation id. pylori infection is characterized by the infiltrationrgutrophils
and lymphocytes into the gastric mucosa and byeas®d production of the proinflammatory
cytokines TNFe [74], IL-1B [75], IL-6 [76], IL-8 [77] and interferont (IFN-y) [78].
Lymphocytic derived IL-2 has also been detected].[712-8, as a potent neutrophil
chemotactic and activating factor secreted by epéhcells, has been suggested to play a

central role inH. pylori-associated diseasf®0]. H. pylori also elicits the production of the
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proinflammatory IL-12 by dendritic cells (DCs) ihet gastric mucosa, which further induces
the production of IFN¢[81]. The effects of proinflammatory cytokines mightdminteracted
by the locally produced IL-10, a Th2 cytokine wéhti-inflammatory effect§82].

1.3. The role of cytokines and PRRs in acute pancreatsi

AP remains a significant clinical challenge, beeaitshas a complex and poorly understood
pathophysiology, an unpredictable outcome and meiBp treatmen{83]. It has an annual
incidence of 10-20 cases per 100000 people in test&vh world84]. The etiology is mostly
alcoholic[85] or related to obstruction by gallsto{@&$§]. Although the clinical course of AP
is often mild with only minimal organ dysfunctioa,significant proportion of these patients
develop severe disease often associated with reuldman failure (MOF) and infections
[87]. The initial prediction about the mild or severetamme of an attack has important
implications for management, prognostication and at health care resources. Different
methods of prognostic classification have been logeel, but so far, none has shown optimal
overall predictive accuracy and usefulness for iptexsh in individual patient$88].

MOF and septic complications in AP do not diffesrfr the systemic complications of other
diseases such as sepsis itself, trauma or burrgchwdme included in SIRS. The systemic
manifestations are responsible for the majority paihcreatitis-associated morbidity and
mortality, and are due to the actions of the ptamfmatory cytokines TNIe IL-1 and IL-8
[89, 9Q. The levels of cytokines depend on a number ofofac including genetic
background, particularly polymorphisms of cytokigenes. Genetic polymorphisms within
the promoter region of inflammation-related cytakigenes are considered to influence the
expression of the encoded cytokirj@4]. IL-8 is an important neutrophil-activating cytaki
and a potent chemoattractant, the increased I@felhich have been demonstrated in AP
[92, 93. Other factors, including TLR4, that regulate theate immune responsg34], may
also be involved in the complications of AP. Inwief the inflammatory nature of AP, we
postulated that single nucleotide polymorphismsESNn the promoter region tf-8 and in
the third exon off LR4 might have some association with the developmkeAPo
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1.4. The role of cytokines and NOD1 in Crohn’s disease

Inflammatory bowel disease (IBD) is a collectiventefor at least three heterogenous
gastrointestinal disorders including Crohn’s dised€D), ulcerative colitis (UC) and
indeterminate colitis, which result in several igist clinical phenotypes and lead to persistent
and sometimes irreversible impairment of the gastestinal structure and function. IBD is
thought to be a multifactorial disease, triggergdhe inappropriate and exaggerated mucosal
immune response to the normal microflora, whichpastly determined by genetic and
environmental factors. The importance of the consakrflora and its communication
strategies with the host is illustrated by sevdrahsgenic mouse models and innate
immunodeficiency syndromes. Innate immunity is muciore complex than a mere
mechanism which is fully capable to distinguisH §®lm non-self. CARD4/Nodl is a perfect
candidate as a susceptibility gene for CD. Thestat@crobiological studies failed to find a
potential pathogen microorganism which leads tcettgpment of IBD, perhaps because there
is no such a common microbe. As each bacterialosetnggers the activation signal of
different bacteria, theoretically the altered fumctof any of them may result in defective
recognition of at least one part of the commenieshf This theory might explain how IBD
can develop in those patients who do not have N@DIiEnmorphism: other receptors of
PAMPs are responsible for the causative defect, thisd receptor can be the NOD1 in
individual case$95].

In CD, manifestations can occur in any part of ghastrointestinal tract, but most commonly
the terminal ileum, the cecum, the peri-anal ared the colon are affected, where the
alteration of linear ulcers with islands of normaledematous mucosa produces cobblestone-
like appearance. By the progression of the dise¢hsehowel narrows, which leads to bowel
obstruction, abscess formation and fistulizatiokrtr&ntestinal manifestations of CD affect
the joints, the skin, the eyes, the mouth andittee [96, 97.

The inflammation observed is dominated by an exees3hl-mediated effector cell
response. Increased amounts of the Thl polarizitakine I1L-12 were shown to be produced
by DCs and macrophages in ¢@8]. The mucosal expression of IL-18 - which is coasad

to be an activator of Thl responses - becomesugisggulated in patients with C[@9]. The

TNF superfamily member TL1A protein, the expressidrwhich correlated positively with
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the intensity of inflammation in CD, was suggestedmaintain and perpetuate the I§N-
mediated Thl immune responses in the intestinalosajd0(. The production of IFN¢
provokes downstream effector cells such as macggshto induce further production of the
proinflammatory cytokines TN IL-13 and IL-6[101]. Supporting the significant role of
TNF-a in the pathogenesis of CD, infliximab, a chimemonoclonal immunoglobulin G1
(IgG1) antibody proved to be effective in induciagd maintaining the remission of CD in
60% of the patients, by binding and neutralizinukle and membrane-bound TNF[102,
103. Although IL-10 was shown to downregulate the ated secretion and mRNA levels of
proinflammatory cytokines by CD mononuclear céfis/itro [104, 10%, clinical trials with

recombinant human IL-10 yielded only modest requies .

1.5. Single nucleotide polymorphisms (SNPs)

DNA sequence polymorphisms are variations presemreater than 1% frequency in the
population, while the frequency of mutations issldhan 1%. By comparing two DNA
sequences, wherever found different nucleotidéseasame position, that is a SNP. SNPs are
responsible for over 80% of the 0.1 % differencat ik present between the DNA sequences
of two individuals. They can occur anywhere in g@om: both in coding and noncoding
regions of genes or in intergenic spadéd/]. Non-conservative mutations within the coding
region of genes can result in loss, abrogatiorhange of function in the expressed protein as
a result of change in protein structure. Althougimservative mutations do not affect the
amino acid sequence, they may influence proteimesgon in a variety of other ways: they
can alter mRNA splicing, mRNA stability and levad§ gene expression. Polymorphisms
within the 5’- and 3’-regulatory sequences or ins@f genes may have a significant effect on
the transcription, since they may alter the stmgctf transcription factor binding sites within
gene promoters or the structure of enhancers dedcsrs within introng108. SNPs are
estimated to occur as frequently as every 100-3e4)109. More than 4 million SNPs
have been identified to date with the leader p@dioon of The SNP Consortium (TSC).

The clinical outcome of many infectious, autoimmuwremalignant diseases appears to be
influenced by the overall balance of productionpodinflammatory and anti-inflammatory

cytokines. A significant number of studies haveradded whether genetic polymorphisms
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within the genes encoding these cytokines mighuénice the levels of expression, and
therefore the overall immune respoip$ég.

One potential application of SNPs is to develop ivitdialised medicine by
pharmacogenomics, in order to understand adversg r@isponses, with respect to SNPs in
the genes of drug-metabolizing enzymgkl(. SNPs represent useful tool in DNA
fingerprinting for criminal investigationgl1l] and paternity testinff112. With the help of
SNPs, we can also gain insight into the steps oluéon: DNA sequence variants that
provided benefit for the individual for succesfaproduction can even be selected by natural
selection for retention. SNPs profiles charactestistor a disease trait can help to identify the

relevant genes associated with polygenic disgddes 114.

1.5.1. SNPs ofCARD4/Nod1 and CARD15/Nod2

The deletion allele of the complex insertion-deletpolymorphismNID;+32656) of CARD4
was significantly associated with susceptibilityibdlammatory bowel diseadd 15, while
the insertion allele was found to be associated wie presence of asthma and elevated IgE
levels[15]. Focusing on five non-synonymous mutationsC&RD4, Zouali et al. could not
reveal any contribution to the genetic predispositio IBD [116. Polymorphisms with
database accession numbers rs2736726 and rs208568RRD4 showed weak associations
with atopic eczem§l17. Rosenstiel et al. reported that no mutation€ARD4 or CARD15
contribute to the development of gastritis or gasilcer inH. pylori-infected patients. There
was no association found between SNPsCARD4 and the development of MALT
lymphoma, while the R702W polymorphism@ARD15 was significantly associated with the
development of gastric lymphoma: carriers of thee rh allele had more than doubled risk to
develop the disease than contidl$§).

Mutations of CARD15/Nod2 confer genetic predisposition for dB1, 119, Blau syndrome
[12(), early-onset sarcoidosidl2]], graft-versus-host diseagé22, allergic rhinitis and

atopic dermatiti$123.
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1.5.2. SNPs ofTLR4

The human gene encoding TLR4 is located on chromes6q32-g33 and contains four
exons[124. The A- G substitution at nucleotide 896 from the startaodf the human
TLR4 gene (in the fourth exon diLR4) leads to the replacement of a conserved aszauitic
residue with glycine at position 299 (Asp299Gly; BICSNP cluster ID: rs4986790; also
referred to as A12874G according to GenBank acc. Alel77765[125). The C-T
conversion at 1196 position results in the repla@nof a nonconserved threonine with an
isoleucine at position 399 (Thr399lle; NCBI SNPstar ID: rs4986791; also referred to as
C1196T according to GenBank acc. no. AF177[/65]). Both SNPs affect the extracellular
domain of the receptdil2€], presumably by altering its structure, which mayse altered
ligand binding or protein interactions, resultimginpaired LPS signaling.

Peripheral monocytes from donors homozygous for Th&4 896 G allele were LPS
hyporesponsive, exhibiting fourfold higher medidie&tive concentrations for TNE; IL-13
and IL-6 production compared to monocytes fromqda with heterozygous or wild-type
genotypeq127]. Uponin vitro stimulation with LPS, Kroner et al. detected sigantly
lower proliferation indices of peripherial blood manuclear cells (PBMCs) from individuals
heterozygous for A896G, in comparison with cellenir individuals with the wild-type
genotype[12§. Surgical intensive care unit patients who wereettozygous for both the
A896G and C1196T polymorphisms (no homozygous nuwas found) had higher risk for
subsequent Gram negative infectigh29. These twolLR4 polymorphisms were shown to
be associated with decreased airway responsivéoaesbkaled LPS in humans by Arbour et
al. [13Q0 These generally accepted results and even studiesl on their citation were
guestioned by Erridge et al., who found that mobexyrom individuals heterozygous for
both polymorphisms ofLR4 do not exhibit deficit in the recognition of LPE31]].

The frequency of th&LR4 896 G allele was significantly higher in patiemtish CD and UC
than in their respective control populatiqd82. CD patients with the A896G SNP had more
often ileal envolvement or fistulizing disease, @amed to wild-type patienfd33.

The presence of tHELR4 C1196T SNP was shown to be associated with UGtamacreased
frequency was observed in patients with CD, witheaching significancglL34).
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In contrast to the defective TLR4-mediated sigmahsduction in the murine experimental
model of disseminated candidiafis85, the TLR4 Asp299Gly polymorphism was shown not

to play a role in susceptibility to and severityhoiman urogenitaCandida albicans infection

[136.

1.5.3. SNPs oflL-8

The human gene encoding IL-8 is localized in theCCéhemokine locus on chromosome
4g12-g21 and consists of 4 exons and 3 intf@33]. The SNP at -251 nucleotide relative to
the transcription start site (T-251A), in the prderaegion oflL-8 was identified by Hull et
al. The presence of the mutant A allele was astastiaith increased IL-8 production by LPS
stimulated whole blood, with the rising severity oéspiratory syncytial virus acute
bronchiolitis [13§ and with increased risk for human tuberculd4i89. Matheson et al.
found no association between the T-251A SNP amiregsry symptoms or lung function in
middle-aged and older adu[tk4(.

The chance of having enteroaggregatizecoli (EAEC)-associated diarrhea significantly
increased among those harbouring the -251 A altsimpared to the individuals with TT
genotypg141]]. Jiang et al. found significantly higher occurentéhe homozygous genotype
for the -251 A allele among patients witlostridium difficile toxin-induced diarrhea,
compared to the control groups ©f difficile-negative diarrhea and nondiarriéd?. Fecal
IL-8 levels were significantly higher in subjectstiwC. difficile toxin-induced or EAEC
diarrhea who were homozygous for the -251 A alletenpared to patients with heterozygous
or wild-type genotypgl41].

Suggesting the involvement of IL-8 in the developmend progression of human
malignancies, the -251 A allele was found to beoessed with higher risk for
nasopharyngeal carcinomid43, prostate cancdi44], oral squamous cell carcinorib45
and breast carcinomd4€q. Individuals homozygous for the A allele at -251for the G
allele at +396 onL-8 were at twofold increased risk of cardia adenanarna compared to
those harbouring the wild-types, furthermore tisk for the AGT/AGC haplotype dL-8 -
251/+396/+781 was fourfold in a chinese populaibi251A, T+396G and C+781T SNPs on
IL-8) [147.
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Renzoni et al. identified three polymorphisms ia ttoncoding areas ¢f-8 (A-353T in the
promoter region, G+293T and T+678C in the firstran) that were shown not to be
associated with cryptogenic fibrosing alveolitisdafibrosing alveolitis associated with
systemic sclerosi§148. Rovin et al. identified thdL-8 T-738A and T-845C biallelic
polymorphisms and demonstrated that the frequehdhen-845 C allele was significantly
higher in African American patients with severdlammatory systemic lupus erythematosus
nephritis compared to healthy individuals, indiogtithat the T-845C polymorphism might

influence the expression of 1L{849.

1.6. High-mobility group box 1 protein (HMGB-1)

High-mobility group (HMG) chromosomal proteins wetescribed as abundant components
of the chromatin by Goodwin et dl150 . Their name indicates the rapid electrophoretic
mobility on polyacrilamide gel. The HMG proteinseagrouped into 3 families. The HMGB
family has 3 members: HMGB-1, -2 and[15%1]].

HMGB-1 (named also HMG-1 or amphoteris)a highly conserved protein featuring8 %
identity among mammals. It has two DNA-binding damsa(named A- and B-box) and a
negatively charged, acidic, repetitive carboxy-teahtail. The nuclear translocation of the
protein is under the control of two nuclear locatian signals (NLS) on the molecule: NLS1
is localized to the A-box, while NLS2 can be foupetween the B-box and the acidic tail
[157.

HMGB-1 has different properties depending on italzation. The intranuclear form binds
to the minor groove of DNA without sequence speitifi and acts as an architectural protein
stabilizing the nucleosome formation, facilitatii@NA bending and taking part in the
interaction between transcription factors and DNB3, 154, 155, 156, 157

HMGB-1 can get out of the cells by two mechanismiscan be secreted actively by
monocyteg§158, macrophagegl59, pituicytes[160, human umbilical vein endothelial cells
(HUVEC) [16]] and murine erythroleukemia ce]s62 following appropriate stimulation, or
released passively by damaged or necrotic ¢&B§]. Rouhiainen et al. demonstrated that

HMGB-1 present in human platelets is exported ® ¢kll surface upon activatiqi64.
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Proinflammatory mediators can co-operate in ordepromote HMGB-1 secretion: IFM-
induces HMGB-1 release partly through a TNF-depehdenechanism in murine
macrophage$165. HMGB-1 released in response to proinflammatomngli also induces
the release of proinflammatory mediators by macagels and neutrophils such as T&F-
IL-1a, IL-1B, IL-6, IL-8, macrophage inflammatory proteins MiB-land MIP-B and
HMGB-1 [166, 167, 16B thus prolonging and sustaining inflammatory peses. When
released passively, HMGB-1 acts as an endogenousyedasignal which triggers
inflammation and reparative procesfgg3 .

HMGB-1 lacks a secretory signal peptide (similadylL-1p [169), so it cannot be secreted
via the Golgi-endoplasmic reticulum (ER) pathwdyZ. In resting monocytes HMGB-1
shuttles through the nuclear membrane to the cytmsto the nucleus. Triggered by an
activation signal, lysine residues within the twhNsites of the HMGB-1 molecule become
acethylated, which is thought to inhibit the relazgtion of the protein into the nucleus. This
hyper-acethylated form will accumulate in the cgloand will be packed into secretory
lysosomes that fuse with the cell membrane andaseleéheir content into the extracellular
spacg 152, 170Q.

HMGB-1 enhances its own degradation by accelerdtiegtissue plasminogen activator (t-
PA)-catalysed plasminogen activation: the protsirsuggested to be a target of the lysine-
specific serine protease plasmiry]].

HMGB-1 was reported to play an important role ie frathomechanism of atherosclerosis
[167, 172 and rheumatoid arthritis (RAL73, and its elevated serum levels were measured
in patients with hemorrhagic shofk74, community-acquired pneumonia75 and Churg-
Strauss syndromgl76]. HMGB-1 was demonstrated to be a late mediatoerafotoxin
lethality in mice and of sepsis in humans by Wanh@i159. Sundén-Cullberg et al. found
that serum levels of HMGB-1 remained high in thganty of patients with severe sepsis and
septic shock up to one week after admisqidr7]. In the pathomechanism of SAP, the
release of HMGB-1 by injured pancreas or other dgdaorgans as well as its secretion by
activated monocytes/ macrophages can be takewcantsideration[179.

The receptor for advanced glycation end-productaGR) was shown to be the major

functional receptor responsible for the proinflanbonga effects of HMGB-1 in rhodent
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macrophage$l179. HMGB-1 enhances the maturation of D80, induces the extensive
spreading and mediates the transendothelial mograbf monocytes also with the
involvement of RAGE[158. In addition, HMGB-1 enhances RAGE expression umhan
microvascular endothelial cellgl81 and in synovial fluid macrophagdd66. TLR4
mediates the early inflammatory effects of HMGB-iridg hepatic ischemia/reperfusion
injury [187, and together with TLR2 might serve as an altéraatMGB-1 receptof183,
184.
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AIMS

The present study was designed to address thevintjcaims:
1. To determine the association betwd&@RD4/Nodl, TLR4 andIL-8 polymorphisms and

the development of gastritis and DUHIn pylori-infected patients.

2. To determine the association betwékf8 and TLR4 polymorphisms and the development
of AP.

3. To determine the association betwegaRD4/Nodl polymorphism and the development
of CD.

4. To evaluate the role of HMGB-1 protein in AP, whigguired the elaboration of reliable
invitro methods for the detection of HMGB-1.
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2. PATIENTS AND METHODS

2.1. Patients and controls

2.1.1. Patient groups with duodenal ulcer or chronic actie gastritis

85 H. pylori-positive patients with DU and 136 with chronicieetgastritis were enrolled in
the study. Biopsies were taken during upper gag#siinal endoscopy from adjacent sites of
the gastric antrum and corpus for histology. Initold, *C-Urea Breath Test (UBT) was
carried out. Patients with. pylori infection confirmed by histology antfC-UBT were
considered to be eligible for the study. The presesfH. pylori and the severity of gastritis
were graded with the updated Syney Classificatigste®n[185.

The 75 members of the control population were sgroally H. pylori-positive, without any
gastrointestinal symptoms. Their statusHbfpylori infection was determined by serology,
with an enzyme-linked immunosorbent assay (ELISAJHP IgG ELISA (Dia.Pro, Milan,
Italy)]. They were recruited from the Blood Transifun Center at the University of Szeged.
Sera either from patients and control people westet for CagA by serology, with a
commercial ELISA kit (Dia.Pro, Milan, Italy). Onlid. pylori-positive and CagA-positive
patients and controls were considered to be e&dii the study.

All cases and controls were of Hungarian ethnigiorand resident in Hungary. Informed
consent was obtained from all patients. The proyeas approved by the Clinical Ethical
Committee of the Medical Faculty of the Universitiy Szeged and by the Clinical Ethical

Committee of Semmelweis University.

2.1.2. Patient group with acute pancreatitis

92 patients with AP were enrolled. Diagnostic crdteof AP included clinical history
consistent with the disease, radiological evideswog serum amylase level greater than 660
U/L. According to the original criteria of Ransoh8F], patients were classified into groups
with mild or severe pancreatitis: patients with é&whan three positive prognostic signs
(n=42) were considered to have mild pancreatitisilevthose with three or more positive

prognostic signs (n=50) were classified into theese pancreatitis group. Patients with severe
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acute necrotizing pancreatitis were divided intepdis (n=28) or infected (n=22) groups on
the basis of the results of bacterial cultureshef mnecrotic pancreatic tissue sampled during
surgery or ultrasound- or computed tomography (@igled biopsies.

The patients entered this prospective study atDepartment of Surgery and at the First
Department of Internal Medicine of Albert Szent-@y Medical Center, University of
Szeged between March 2003 and January 2005. Theokonhort consisted of a random,
unrelated population sample of 200 healthy bloodods. All cases and controls were of

Hungarian ethnic origin and resident in Hungary.

2.1.3. Patient group with Crohn’s disease

434 CD patients were investigated. The diagnosis se up on the basis of Lennard-Jones
criteria [187. The age at onset, duration of the disease, preseaf extraintestinal
manifestations, frequency of flare-ups, effectivemnef therapy, need for surgery, occurence
of familial IBD, smoking habits and peri-anal invement were investigated by the review of
the medical charts and questionnaries. The disglseotype was determined according to
the Vienna classificatiofi.8§.

The control group consisted of 200 age- and genadched healthy blood donors without
gastrointestinal or liver diseases. They were satedrom consecutive blood donors in
Szeged. The second, non-IBD control group includ8@ patients with chronic active
gastritis.

2.2. Genotyping procedures

2.2.1. DNA extraction

For the examination d€ARD4/Nod1, TLR-4 andIL-8 polymorphisms, leukocyte DNA from
peripheral blood was isolated using the High P& Femplate Preparation Kit according to
the manufacturer’s instructions (Roche Diagnos#osbH). The genomic DNA was stored at

—20°C until further use.
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2.2.2. Determination of CARD4/Nodl G796A polymorphism

The G- A SNP onCARD4 at position 796 (NCBI SNP cluster ID: rs2075820svesmalysed
by PCR-restriction fragment length polymorphism FRRFLP). The 379 bp amplified
product was digested withival restriction endonuclease enzyme and analysed oag2ose
gel under UV illumination. The restriction site waesent only together with the G allele and
was indicated by the cleavage of the 379 bp prodjining fragments of 209 bp and 170 bp.
The CARDA4 A allele gives a single 379 bp fragment due toah®ence of restrictigiilq.

2.2.3. Determination of TLR4 A12874G and C13174T polymorphisms

The TLR4 12874 A- G (according to GenBank acc. no. AF177765, NCBI SiNRter ID:
rs4986790; also referred to as A896G) and 13174T(according to GenBank acc. no.
AF177765, NCBI SNP cluster ID: 4986791, also reddrto as C1196T) polymorphisms were
genotyped simultaneously by a real-time PCR (KRJPassay using specific fluorescence-
labelled hybridization probes, followed by meltingint analysis with the help of a
LightCycler instrument. By displaying the negatiirst derivative of the melting curve data
versus temperature [-(dF/dT) vs T], wild-type saespghowed a peak at 88 (A12874G) or

at 67°C (C13174T), while heterozygous samples were ckeniaed by an additional peak at
61°C (A12874G and C13174T)25.

2.2.4. Determination of IL-8 T-251A polymorphism

The T- A SNP onlL-8 at position -251 (relative to the transcriptioarssite) was genotyped
by amplification refractory mutation system (ARM3he allele-specific primers were: 5'-
CCACAATTTGGTGAATTATCAAT-3 (-251A) and 5’-
CCACAATTTGGTGAATTATCAAA-3' (-251T). The consensus rimer was: 5'-
TGCCCCTTCACTCTGTTAAC-3'. The amplified PCR producbnsisted 336 bp. In each
reaction, a second set of primers for exon 3 oHbA-DRB1 gene was applied (forward: 5'-
TGCCAAGTGGAGCACCCAA-3, reverse: 5-GCATCTTGCTCTGTAGAT-3', product
size: 796 bp) as control for the PCR efficieft$g.
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2.3. Determination of HMGB-1 secretion by monocytic cel

and plasma HMGB-1 levels in patients with acute pagreatitis

2.3.1. Cellline

Human monocytic U-937 cells were propagated in RPMI40 medium (GIBCO)
supplemented with 10ag/ml ampicillin, 200ug/ml streptomycin and 10% heat-inactivated

fetal calf serum at 37 °C in a humidified gi@cubator.

2.3.2. Cell stimulation

Before analysing HMGB-1 secretion by U-937 cells ttulture media were replaced by
OptiMEM (GIBCO) medium, and the number of the celias adjusted to f@ells/ml. The
cells were stimulated for 24 hours with 5 ng/ml gdod-12-myristate-13-acetate (PMA,
Sigma-Aldrich), 10ug/ml LPSE. coli O111:B4 (Sigma-Aldrich), heat-killeBaphylococcus
aureus (SA, 1¢/ml) or with Mycobacterium bovis BCG (10/ml, Pasteur strain df1. bovis
BCG, provided by David G. Russel, Department of mglitology and Immunology, Cornell
University, Ithaca, NY, USA).

2.3.3. HMGB-1 Western blot analysis

The supernatants of stimulated U-937 cells wereeoinated 10-fold on Centricon 10 filters
(Millipore Corporation), with subsequent processimg.aemmli buffer. Recombinant human
HMG-1 (Sigma-Aldrich) and recombinant rat amphaterfRecAtn, provided by Ari
Rouhiainen, Neuroscience Center, University of Hé&ls Helsinki, Finland) served as
standard antigens. The standards and the coneahapernatants were resolved in 12.5 %
sodium dodecyl sulfate polyacrylamide gel electmpbkis (SDS-PAGE) under reducing
conditions. The proteins were transferred to nehobose blotting membrane that were then
blocked with 5% nonfat dry milk. The filters weraisied firstly with chicken polyclonal anti-
RecAtn antibodies (provided by Ari Rouhiainen, Nmaience Center, University of
Helsinki, Helsinki, Finland), secondly by horsesddiperoxidase-conjugated goat anti-
chicken antibodies (Zymed Laboratories), developgith ECL Plus reagents (Amersham
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Biosciences) and exposed to X-ray film. The densétic analysis of the immunoreactive

bands was performed by ImageQuant 5.2 softwaredddtdr Dynamics).

2.3.4. HMGB-1 ELISA/ a.

The wells of the 96-well MaxiSorp plate (Nunc) we@ated with mouse monoclonal anti-
human HMG-1 antibodies @D Systems) at 1@ug/ml, then blocked with 2% nonfat milk.
The recombinant human HMG-1 (Sigma-Aldrich) wasduas a standard substance, serially
diluted from 200 to 1.6 ng/ml. After keeping tharsdard dilutions and the samples in the
wells, the steps separated by washing procedures agefollows: the addition of rabbit anti-
HMG-1 polyclonal antibodies (BD Biosciences), hoesiish peroxidase-labelled goat anti-
rabbit IgG antibodies (Bio-Rad Laboratories) andntilMB substrate (BD Biosciences) to
the microtitration plates. After the reaction waspped by adding 2N sulphuric acid, the
absorbance was measured at 450 nm (650 nm referdtiBs5B-1 concentrations of the

samples were calculated from the standard curve.

2.3.5. HMGB-1 ELISA/b.

Plasma HMGB-1 concentrations were determined byHN&GB-1 ELISA kit (Shino-Test

Corporation), according to the instructions of thenufacturef189, 190Q.

2.3.6. TNF-a ELISA

TNF-a concentrations in the cell culture supernatanteweantified by the use of a TNF-

ELISA kit (BioSource), according to the instructsoof the manufacturer.

2.3.7. Immunofluorescence

Either stimulated and control cells were fixed # paraformaldehide and permeabilized with
0.3% Triton X-100 on glass coverslips. The covpssivere saturated with 10% bovine serum
albumin (BSA) and the cells were stained with chitkpolyclonal anti-RecAtn antibodies
(provided by Ari Rouhiainen, Neuroscience Centenivigrsity of Helsinki, Helsinki,
Finland). Fluorescein isothiocyanate (FITC)-conjegadonkey anti-chicken IgY (Jackson
Immunoresearch Laboratories) was applied for theeatien of the bound antibodies.
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Between all incubation step, the cells were wadheee times with PBS containing 0.2%

BSA. Fluorescence signals were detected by confamabscopy.

2.3.8. Confocal microscopy and semiquantitative assessmentof

fluorescence intensities

Serial images of the immunostained samples werauiep by Olympus FV1000 confocal
laser scanning microscope with standard parametengs. The fluorescent signal of control,
M. bovis BCG and PMA treated cells were quantitatively geadl by ImageQuant software
(Molecular Dynamics). The mean and standard deviatf these data were calculated by the
Microsoft Excel program. The level of statisticajrsficance was determined by two-tailed

T-probe.

2.4. Statistical analysis

In order to analyse the level of significance fangtype and allele frequencies between
groups, chi-square test or Fisher exact test wplieal The genotype frequencies for each
polymorphisms were tested for deviation from the El\My thex? test, with 1 degree of
freedom. Ana level of p<0.05was taken as an indication of statistical signifma The
relationship between genotypes and disease seveptgsented as the odds ratio (OR), with
a 95% confidence interval (Cl).

The Mann-Whitney test was used to evaluate themiffces in HMGB-1 levels between the
group of patients with acute pancreatitis and thetrol groups. Ana level of p<0.05was
taken as an indication of statistical significance.

All statistical analyses were performed using GRaguh Prism 4 statistical program

(GraphPad Software Inc.).
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3. RESULTS

3.1. Association of CARD4/Nodl, TLR4 and |[IL-8
polymorphisms with Helicobacter pylori-induced duodenal ulcer

and gastritis

3.1.1. CARD4/Nodl G796A polymorphism

The distribution of CARD4 796 genotypes was in accordance with the HWE lootthe
control population and in the patient group witlstgés, but not in the group of patients with
DU. Significant difference was found in the genaypstribution between the patients overall
and the controls. There was a higher frequencyhef Homozygote mutant AA genotype
among patients with DU, compared to the controlsocthe gastritis group. Conversely, the
prevalence of the wild-type GG genotype proveddaignificantly lower in the group of DU
patients, either in comparison with the controlugrar patients with gastritis. However, no

significant difference was observed between thetyges of controls and gastritis patients.

GG GA AA
38/85 (45%) 30/85 (35%)
DU 17/85 (20%)
p=0.017 versus contrfbl| p=0.020 versus control
p=0.012 versus gastrifisp=0.010 versus gastrifis
Gastritis 85/136 (63%) 41/136 (30%) 10/136 (7%)
Control 48/75 (64%) 22175 (29%) 5/75 (7%)

x?=13.46, p=0.009: comparison between the patiergsatl(DU+gastritis) and the control
®Fisher test

[72)

Table 1 CARD4 G796A genotypes in patients with DU or gastritid amthe control population

3.1.2. TLR4 A12874G polymorphism

The distribution of théflLR4 12874 genotypes was in accordance with the HWtentwo

groups of patients and in the controls. There weraignificant differences in the genotype
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frequencies offLR4 between the patients overall and the healthy ottnor between the

patients with DU and gastritis (Manuscript 1. /Bl@4).

3.1.3. TLR4 C13174T polymorphism

The distribution of th@LR4 13174 genotypes was in accordance with the HWieeinh the
patient groups and in the control group. No sigaifit difference was found in the genotype
distribution between the patients and the contnots, between the DU and gastritis group
(Manuscript 1. / Table 5).

3.1.4. IL-8 T-251A polymorphism

The genotype frequencies for tHe8 -251 polymorphism did not deviate significantlyrim
those expected for the HWE in the two groups ofepét and in the controls.

The genotypic frequencies were significantly diéigr between the patients taken as a whole
and the healthy controls. There was a higher frequef the heterozygote AT genotype
among the patients with DU, compared to the costr8SImilarly, significant difference was
found between the gastritis patients and healtbgdbonors, concerning the frequency of the
AT genotype. Conversely, the wild-type TT genotypas present with significantly lower

frequency among patients with DU or gastritis thrathe control group.

TT TA AA
DU 15/85 (17%) 49/85 (58%) 21/85 (25%)
p=0.002 versus contrfol|{p=0.027 versus contrbl
B 31/136 (23%) 76/136 (56%)
Gastritis 29/136 (21%)
p=0.011 versus contrb| p=0.0314 versus contfol
Control 30/75 (40%) 30/75 (40%) 15/75 (20%)

x?=11.98, p=0.017: comparison between the patiergsatl(DU+gastritis) and the control
®Fisher test

[72)

Table 2 IL-8 T-251A genotypes in patients with DU or gastrétisgl in the control population
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These data suggest that NOD1 rather than TLR4uragibnal significance in the recognition
of H. pylori. On the other side, they indicate the importanfch.@ in H. pylori-associated

gastrointestinal diseases.

3.2. Association of IL-8 and TLR4 polymorphisms with the

severity of acute pancreatitis

3.2.1. IL-8T-251A polymorphism

The genotype frequencies for tHe8 -251 polymorphism did not deviate significantlyprim
those expected for the HWE in the control poputatiad in the patient group.

Significant difference was observed in the genotgmribution between the pancreatitis
patients overall and the healthy controls. Afteriding the patients according to the severity
of the disease, the significant difference in ggpetfrequencies was present only between the
controls and the patients with severe pancreabitis,it could not be detected between the

control group and the patient group with mild paaditis.

TT AT AA p
Mild 15/42 (36%) 15/42 (36%) 12/42 (28%) 0.22¢
8/50 (16%) 30/50 (60%) 12/50 (24%) 0.004
Severe p=0.0009 vs.contrBl | p=0.0264 vs. contrBl
p=0.051 vs. mill  |p=0.0232 vs. mild}
Total 23/92 (25%) 45/92 (49%) 24/92 (26%) 0.020
Control 82/200 (41%) 84/200 (42%) 34/200 (17%)

& Chi-square test versus controls
PFisher test

Table 3 IL-8 T-251A genotypes in patients with AP and in thetod population

The heterozygote AT genotype was present with aifsigntly higher frequency among
patients with severe disease, compared to theatenfrhere was also a significant difference
between the patients having severe and those wilthform of the disease. In accordance

with this, the rate of carriage of the high IL-8&sing A allele proved to be significantly
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higher in patients with severe pancreatitis tharthe control population. Conversely, the
prevalence of the wild-type TT genotype was sigaffitly lower among patients with the
severe disease form than in the control populatbonin the patient group with mild

pancreatitis.

3.2.2. TLR4 A12874Gpolymorphism

The distribution of thLR4 12874 genotypes was in accordance with the HWHeeih the
control nor in the patient group. No significantifelience was found in the genotype
distribution between the pancreatitis patients alvand the healthy controls, nor between the
patient group with severe pancreatitis and therobgtoup. It is worth mentioning that six of
the seven AG heterozygote patients were foundersttvere pancreatitis group (six of fifty),
in contrast to the only one heterozygote among 4Bepatients with mild pancreatitis
(Manuscript I. / Table 2).

3.2.3. TLR4 C13174T polymorphism

The distribution of theTLR4 13174 genotypes both in the control population andhe
patient group was in accordance with the HWE. Thegee no significant differences in the
genotype frequencies of thELR4 13174 polymorphism either between the pancreatitis
patients overall and the healthy control population between the patients with severe
pancreatitis and the controls. In spite of thetineddy low number of CT heterozygotes, it is
striking that six of the seven heterozygotes wertmé in the severe pancreatitis group, while
there was only one among the 42 patients with paldcreatitis (Manuscript I. / Table 3). So
we can assume that the activation of TLR4 might imae importance, while the IL-8

producing capacity has a definite role in the patbohanism of AP.

3.3. Association of a CARD4/Nodl polymorphism with the

susceptibility and phenotype of Crohn’s disease

The distribution ofCARD4 796 genotypes was in accordance with the HWE enptient

group with CD and in the control groups of healtigod donors. An additional group of
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patients without IBD (n=136) was included in thadst, whose genotypes were determined
previously, during the course B pylori-related diseases.

Significant difference in the genotype distributiwas found between the CD patients and the
healthy controls, as well as between CD patientsreom-IBD controls. When frequencies of
the homo- and heterozygous mutations were examiogether, the carriage d€ARD4
G796A polymorphism proved to be a highly significask factor for CD. In addition, the A
allele was significantly more frequent among pdtewith CD, compared to both control
populations.

No significant associations were found betweendifferent genotypes and the demographic
data of the patients or the clinical charactersstif CD (Manuscript Ill. / Table 4).

Genotype Allele frequency
GG AG AA G A
CD 215/434 (49.5%))180/434 (41.5%) 39/434 (9%) | 610 (70.3%R58 (29.7%
Controls 134/200 (67%)| 56/200 (28%)  10/200 (5%) 324 (81%%) (IB8k)
Non-IBD G| | 85/136 (62.5%) 41/136 (30%) | 10/136 (7.5%) 211 (77.6M81 (22.4%)

“CD vs. controlsx?<0.0001, p<0.0001, OReromomozygous vs. wiid-ype2-07, 95% Cl: 1.46-2.93.
CD vs. Non-IBD Gl controlsg®=6.977, p=0.008, ORkeroomozygous vs. wiid-typb- 70, 95% Cl: 1.14-2.52.
*CD vs. controlsg®=16.229, p<0.0001, ORs ¢ 1.80, 95% CI: 1.35-2.41.
CD vs. Non-IBD Gl controlsx?=5.472, p<0.019, ORs. ¢ 1.46, 95% Cl: 1.06-2.01.

3.4.

Table 4 CARD4 G796A genotypes in patients with CD and controls

The secretion of HMGB-1 by monocytic cells

In order to investigate the role of HMGB-1 in pagtitis, it was necessary to elaborate a

reliablein vitro model to detect HMGB-1. Therefore at first we ggtexperiments to measure

HMGB-1 levels in the supernatants of U-937 celtdlofving stimulation of the cells with
PMA, LPS, SA or withM. bovis BCG.
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3.4.1. HMGB-1 Western blot analysis

Western blotting of the 10-fold concentrated celkwre supernatants revealed 25 kDa bands
that migrated together with the recombinant rat laotgxin (RecAtn, kindly provided by Ari
Rouhiainen, Neuroscience Center, University of Hé&ls Helsinki, Finland). TheE. coli-
derived recombinant human HMG-1 gave also a cordide signal, featuring different
molecular weight at 30 kDa. Chicken polyclonal décAtn antibodies were applied,
because of their exclusive potential to recognizéGB-1 secreted by the monocytic cells in
Western blot experiments. These chicken antibodiese raised against recombinant rat
amphoterin, and the rat protein differs only in tammino acids (Asp189Glu and Glu201Asp)
from the human one. The commercial affinity pudfieabbit anti-HMG1 polyclonal (BD
Biosciences), mouse anti-human HMG-1 monoclonal fR8ystems) and mouse monoclonal
(clone 4C3) anti-HMGB-1 antibodies failed to forransiderable bands. The densitometric
analysis of the immunoreactive bands revealed higbacentrations of HMGB-1 in the
supernatants of cell cultures stimulated eithemhw®MA or Mycobacterium bovis BCG

bacteria than in those of non-stimulated, contellsdManuscript IV. / Figure 1).

3.4.2. Mass spectrometry

Because of the two standard antigens featuredreliffemolecular weights in the Western
blotting experiments, mass spectrometry analysspeaformed in order to verify the identity
of these proteins and to explain the differencaséir molecular weights.

Matrix assisted laser desorption/ionizatientime of flight (MALDI-TOF) analysis of the
unfractionated tryptic digest of the appropriatélgnd identified 79% of the masses detected
as predicted tryptic cleavage products of the rdgpamt human HMGB-1. These peptides
represented approximately 56% of the protein sexpiehhe identity of four peptides was
further confirmed by collision-induced dissociati@ID) analysis. Masses corresponding to
predicted His-tag tryptic peptides were also detdcand their identity was confirmed by post
source decay (PSD) analysis (Manuscript V. / FegRix.

82% of the masses detected in the RecAtn matchedigbed tryptic peptides of the rat
HMGB-1 protein. The identity of m/z 1520.76 as peted Il€**Lys"?’ was further
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confirmed by PSD analysis. These peptides repregeapiproximately 47.6% of the protein
sequence (Manuscript IV. / Figure 3).
These experiments were performed by the ProteoResearch Group, Biological Research

Center of the Hungarian Academy of Sciences.

3.4.3. The levels of HMGB-1 and TNFe following bacterial induction

In order to obtain more sensitive and quantitatiegection of HMGB-1, an in home ELISA
was developed. We wanted to reveal how the incobatiith LPS, SAM. bovis BCG or
PMA affects the secretion of HMGB-1 by U-937 cellswas also checked whether the
induction of HMGB-1 secretion proceeded in paralgh that of TNFe.

Induction by LPS resulted in moderate TNF5.5 £ 6.6 pg/ml) and weak HMGB-1
secretion (4.5 0.5 ng/ml). There was a higher concentration oFfNin the supernatants of
the cells incubated with SA (65040.5 pg/ml), and considerable amounts of HMGB-2 {6
0.9 ng/ml) were detected in the supernatants ok#me cell cultures. The induction by
bovis BCG rather than by SA resulted in pronounced HMG@G6+ 11 ng/ml) and decreased
TNF-a secretion (12G: 11 pg/ml). Much greater amounts of TFand HMGB-1 were
measured in the PMA-treated cell supernatants (8580 pg/ml and 65+ 19 ng/ml
respectively). Mycobacteria induced almost the sanagnitude of HMGB-1 secretion as
PMA did. PMA andM. bovis BCG added at the same time resulted in more eldwdMGB-

1 secretion.

PMA + BCG
PMA Sng/ml . | — 4 H
BCG — 4

SA
LPS 100ng/mli

Control

0 25 0 75 100 0 200 400 600 8O0 1000
HMGRE-1 (ng/ml) TNF-alpha (pg/ml)

Figure 2 HMGB-1 and TNIE-ELISAs
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3.4.4. Immunofluorescence

U-937 cells were incubated withl. bovis BCG, the impact of which on the HMGB-1
secretion was examined in the preliminary experisieiNon-stimulated cells displayed
strong staining for HMGB-1 mostly restricted to tigcleus. Eighteen hours after stimulation
by M. bovis BCG, the HMGB-1 protein appeared to be translacé&tem the nucleus (it was
still partly positive) to the periphery of the egldisplaying patchy staining in the cytoplasm.
Due to the dispersity of the fluorescence, itsrisiy was significantly lower in the cells
stimulated withM. bovis BCG (Manuscript IV. / Figure 4).

3.5. Plasma HMGB-1 levels in patients with acute pancrddis

Though we elaborated an in home HMGB-1 ELISA, mdaleva commercial ELISA kit
became available in the market developed by Shesi-Corporation. The sensitivity proved
to be higher, therefore when measuring plasma ssnple applied this commercial one in
spite of its expense. The mean value of plasma BMQevels was significantly higher
(P=0.0038) in patients with AP (2.88B.976 ng/ml) than in healthy subjects (0,68914
ng/ml).

al

D

Plasma HMGB-1 (ng/ml)
w

0

AP (n=21) Controls (n=9)
Figure 3 Plasma HMGB-1 levels in patients with &®l in the control population
It was also higher than that measured in a secamiral group of patients with sepsis

(2.583t0.874 ng/ml) without reaching statistical significe (P=0.4724). The mean value of
plasma HMGB-1 levels was also significantly higie=0.0007) in patients with sepsis than
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in the control group of healthy subjects. The mealne of plasma HMGB-1 concentrations
was higher in the group of patients with SAP (6£8.477 ng/ml) than among patients with
the mild form of the disease (0.265295 ng/ml), but the difference was not statidiiica
significant (P=0.7170). In the SAP group, the megalue of HMGB-1 concentrations was
higher than that measured among healthy contrgblpe@=0.0055) or in the control group
with sepsis (P=0.9058). In the patient group withdnAP, the mean value of HMGB-1

concentrations was higher than the value obtainethé control group of healthy people

(P=0.0161), but was lower than that measured igtbep of septic patients (P=0.3738).
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Figure 4 Plasma HMGB-1 levels in patients with &Rl with sepsis
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To our knowledge, this is the first study in Europeestigating HMGB-1 levels in AP.
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4. DISCUSSION

4.1. CARDA4/Nodl, TLR4 and IL-8 polymorphisms in H. pylori-

induced duodenal ulcer and gastritis

The outcome of gastrointestinal diseaseslirpylori-infected persons is determined by the
variations in the immunological responses of thsthenvironmental influences and genetic
composition of the infecting strains. That is whamy infected individuals have few if any
gastrointestinal symptoms, and amoldg pylori-infected patients, the incidence of ulcer
formation is 15-20%191].

4.1.1. CARD4/Nodl G796A polymorphism

The homozygote mutant AA genotype was present sughificantly higher frequency among
patients with DU, either in comparison with the @poof patients with gastritis or with the
control population.

There are not any exact data in the literature chestnating how this polymorphism alters the
function of the receptor. The Chou-Fasman algorithdicated a slight decrease in the helix-
forming potential by the replacement of the glutaracid residue to lysine, which may
influence the ability of the NOD to facilitate tlself-oligomerization of the molecule. The
fact that 15 of 17 biopsy samples obtained from pdfients with the AA genotype were
scored between 10 and 19 on the updated Sydnesnsysiale, suggest that the SNP studied
may contribute to enhanced inflammatory response.

The lack of significant difference between the ggpes of controls and patients with gastritis
indicates that the presence of this polymorphismoisassociated with the onset of gastritis.
This is in good accordance with the findings of &uiel et al. that no mutations GARD4

or CARD15 contribute to the development of gastritis or gestlcer inH. pylori-infected
patients[118].
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4.1.2. TLR4 A12874G and C13174T polymorphisms

There was no significant difference in theR4 A12874Gand C13174T genotypes between
the patients overall and the controls.

In accordance with our results, Kato et al. did reseal significant association between the
Asp299Gly polymorphism and various stages of gagttemalignant lesiod.97. Similarly,
there was not found any association between th ¥3&ply and Thr399lle polymorphisms
and distal gastric cancgt93.

Since these two SNPs ®LR4 bring about diminished LPS-responsivengls3®], our results
support that TLR4 does not play an important ral¢hie recognition oH. pylori, neither in
the outcome of gastrointestinal diseasell.ipylori-infected individuals. Besides, it is worth
mentioning that the LPS 1. pylori posesses lower immunological activity than thabtbier
intestinal bacteria such &s coli or Campylobacter jgjuni [194, 19%. This can be explained
by the absence of ester-bound 4’-phosphate andébgresence of tetraacyl lipid A with fatty
acids of 16 to 18 carbons in lenght, which diffeéiae the lipid A ofH. pylori from those of
other bacterial speci¢$9q.

These data support the observations that NOD1rrdithe TLR4 is of functional significance
in sensingH. pylori. Our results emphasize the importance of (&RD4 G796A
polymorphism in the genetic susceptibility to a smeevere disease manifestation that is DU
following H. pylori infection.

4.1.3. IL-8 T-251A polymorphism

There was a significantly higher frequency of thetehozygote AT genotype and a
significantly lower frequency of the wild-type Tlegotype in the patient group with DU or
with gastritis than in the control population. Thenotype frequencies in the patient group
with gastritis differ significantly (P=0.0213°=7.696) from those reported by Kamali-
Sarvestani et al. in an iranian populatja@7].

The presence of the -251 mutant A allele was astatiwith increased IL-8 production by
LPS stimulated whole bloodl13g, with higher mucosal IL-8 levels in gastric biopsy

specimens fromH. pylori-infected Japanese patients with gastric caftf, and with
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higherIL-8 promoter activity in transfected human gastric Ac&8s upon stimulation by IL-
1B or TNF-a [199. These are consistent with the findings of Hamajehal, who concluded
that the wild type TT genotype might display mildaflammatory reactiof200. These
findings and our observations are connected bywbek of Klausz et al., who detected
higher inducible IL-8 levels in patients with DUath in H. pylori-positive healthy subjects
[201].

Consistently with the higher IL-8 secretion assterawith the A allele, the AA genotype was
shown to be associated with significantly elevaiski of atrophic gastritis and gastric cancer
[197, 202. There was a significant decrease in the neutrapfiltration score among the
AA, AT and TT genotypefl99. Similarly, there were associations between th& 251 A
allele and the development of gastric cancer inibd¥ 193, Iranian[197] and in Japanese
populations[198, 199, and increased risk for having gastric ulcer amdaganese patients
[199. Leung et. al did not find any association betwgastric intestinal metaplasia and8
-251 polymorphism among subjects with the meancddd from a Chinese region with high
gastric cancer inciden¢203.

These data together with our results suggest beata51 TT genotype is associated with a
relative protection from a spectra of gastrointestidiseases associated with pylori
infection. The fact that théL-8 —251 SNP was observed in higher frequency in Iblo¢h
gastritis and the DU groups draws attention togbssibility that the higher IL-8 producing
ability might result not only in ulcerative process but also in chronic gastritis. In our

previous work, a close connection was also obsdreéetween DU and thi-8 —251 SNP

[204.

4.2. 1L-8 and TLR4 polymorphisms in acute pancreatitis

4.2.1. IL-8T-251A polymorphism

Although the importance of IL-8 production and mephil activation in acute pancreatitis
have been well demonstrated, it is indicated atfits¢ time that a polymorphism in the

promoter region of théL-8 contributes to the development of the disease. &iml. did not
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find any difference in the genotype and allele fiencies ofiL-8 polymorphisms between
patients with alcoholic pancreatitis and the grotipealthy blood donorf05.

Because of the -251 T A conversion was shown to be accompanied with asad IL-8
production, the significantly higher frequencieslod heterozygote AT genotype and A allele
among patients with SAP suggest that the exaggkrhté3 response might serve as a
predisposing factor to the severe complicationpaofcreatitis. In accordance with this, the -
251 TT genotype occured significantly more freqlyeatong the healthy control population
and even in the group of patients with mild panitisalt is noteworthy that only one of the
patients with TT genotype in the severe pancreaiitbup showed the symptoms of SIRS.
These are consistent with the results of Pooraal.etvho found significantly higher serum
IL-8 concentrations in the patient group with SARrt among patients with mild pancreatitis
or in the control population. They did not revetdtistical difference between patients with
mild pancreatitis and control persdi296. Similarly, Stimac et al. reported that patientthw
severe pancreatitis had statistically higher mediatues of IL-8 than those with mild
pancreatitis on clinical admissof207]. This difference was demonstrated to remain
statistically significant up to one day after adsios by Berney et al., but peak IL-8 levels
measured in the mild group did not reach the vahii¢se severe grou209.

There are relatively few subjects with the AA gema, which may be explained by the
comparatively small number of patients examined.

It is very likely that merely one polymorphism catrdetermine the final outcome of the
disease. Due to other predisposing factors, patigarrying the -251 A allele may have higher
risk for the development of the severe form of aquaincreatitis, and once it has developed,

the elevated IL-8 production exacerbates the infiatory processes.

4.2.2. TLR4 A12874G and C13174T polymorphisms

Genetic predisposition of LPS immunity is a poteamdidate to explain why certain patients
with AP develop infection while others do not. Taasfections are likely to originate from
the blood or from the gastrointestinal tract, do¢hie incresed intestinal permeability during
AP [209. The findings of Li et al. and Johnson et al. Hertsupport that TLR4 is potentially

associated with AP12, 13.
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Although there was not found statistical difference in HeR4 A12874G and C13174T
genotypes between the patients and the healthyratopbpulation in any form of AP
investigated, the 12874 AG and 13174 CT heterozygenotypes were present with higher
frequency among patients with severe pancreatisnpared to the patients with mild
pancreatitis or to the control group. In spiteled tow frequency of the heterozygote mutants,
six out of seven were detected among severelyatliepts who suffered from the severe,
infected form of acute necrotizing pancreatitishWMOF. These results suggest that the
carrier state of eithefLR4 12874 or 13174 heterozygotes might be a risk faftiorthe
development of severe septic necrotizing pancreaiihis is supported by Gao et al., who
reported that the incidence of Gram-negative imdactvas significantly higher in the 12874
AG heterozygote patients with severe AP than invii@-type populatiorf21(Q.

4.3. Polymorphism of CARD4/Nodl in Crohn’s disease

Although the 7p14 region, which encompassesGhABD4 gene, has been linked to IBD by
genome-wide scans involving patients from the Uhitengdom[211] and North-America
[212, 213, the prevalence of théARD4 G796A polymorphism is reported for the first time
in patients with IBD from an Eastern European coun®ccording to our study, the
heterozygous/ homozygous carriage of the variar®® &bl well as th&lod1l 796 A allele is
considered to be possible determinant of the suibdap for CD in Hungarian patients
compared to both the healthy and non-IBD controls.

However, due to the multifactorial nature of theedise, the literature is conflicting. Therefore
it seems to be hard to reach an unanimous deaigion the possible role of any mutation of
CARD4/Nodl in the development of CDat all. A multicenter Western European study
involving 381 IBD families did not reveal assoomatibetween the susceptibility of IBD and
the E266K polymorphism, but when 63 unrelated indatients were subjected to mutation
screening, the E266K variant was the only one dubtber polymorphisms detected that
encodes a changed protein, suggesting a poteuntiational effect of the mutatigilq. By
examining seventy Turkish CD patients, Ozen efalnd that the genotype distribution of
CARD4 G796A and of threeCARD15 polymorphisms were similar in the groups of CD

patients and healthy control subjef244. The relatively small number of patients and the
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highly heterogenous population might explain wheitliesults differ from ours. In the study
of McGovern et al., the frequency of the G796A padyphism proved to be less than 1% in a
British population, and was not tested further.t@aother hand, it was demonstrated that the
deletion allele of the complex insertion-deletioslyoorphism ND; + 32656) of CARD4
was significantly associated with the susceptipiit IBD [115. A similar positive result was
ruled out in a British population by Tremellingadt[219 and in a Scottish and Swedish IBD
population by Van Limbergen et §216.

There was not found any significant associatiorwbeh the different genotypes and the
demographic data of the patients or the clinicakrabteristics of CD. Similarly, when 235 CD
patients were subdivided into three groups on tloeirgds of the number of K variants by
Zouali et al., no difference could be observed lketwthese groups as regards sex, age at
onset, family history, disease location at onset@maximal severity, behaviour, granuloma

formation, extraintestinal symptoms and therapeuanagemerijtL1§.

4.4. HMGB-1: its detection, secretion by monocytic cellsand

role in AP

Three years ago far less details were revealedt aigi@GB-1 protein than today, and there
was a lack of commercial kits for the routine soreg of HMGB-1 levels in biological
samples. Since then, the second ELISA kit of then®&fiest Corporation with improved
sensitivity has been released. HMGB-1 is now infthmis of various research groups, but
many reports on the role, secretion and structdréhe protein have not been so far
confirmed. In consequence, they are either notntakto consideration or are excessively
generalized. However the primary structure of HMGRPBroteins of different origin are (on
the whole) known, hardly any information do we haakout their post-translational
modifications. These structural changes — which rasp be cell- and species-specific —
might influence the translocation of HMGB-1 fronethucleus into the cytoplasm and from
the cytoplasm to the extracellular space.

Even in the dipterous insed@hironomus andDrosophila, HMG1 proteins are constitutively
phosphorylated within the carboxy-terminal tailtbé molecules by casein kinase II, which

alters their conformation, thermal stability and Ainding properties and stabilizes them



47

against digestion by some proteinaf2%7. In macrophages, the hyperacethylation of the
NLS regions causes the relocalization of the mdéetw the cytosol due to the inhibition of
the nuclear imporf152]. Secretory lysosomes which are responsible for HiWGB-1
secretion by activated monocytes have not beerridedcyet for all cell types secreting this
protein, so there must exist yet uncharacterizecham@sms concerning the externalisation of
HMGB-1 by living cells[218. The results of Rouhiainen et al. suggest thats#wetion of
amphoterin and ILf requires the multidrug resistance protein ABC15§. It is worth
mentioning that besides active secretion, passilease of the protein from necrotic cells has
to be taken into accoun®n the basis of all these, it might be explained/ wartain anti-
HMGB-1 antibodies tested by us — in spite of thenafacturer’'s recommendation — did not
work in ELISA and Western blotn accordance with this, Ito et al. reported thed same
monoclonal antibody recognizes the epitope regidncertain HMGB-1 residues in
lymphocytes, while it does not in neutrophils, segjgqng that the epitope or its peripherial
structure is conformationally changed in the ddfar cell-types[219. Besides, HMGB-1
molecules of different origin can exert diverseipflammatory activities. As demonstrated
by Rouhiainen et al., the rat brain-derived andrdo®@mbinant rat HMGB-1 showed different
effects on the secretion of TNE-IL-6 and MCP and on the release of nitric oxidenf
macrophage$22(. Zimmermann et al. reported that the native HMGPBFateins, purified
from calf thymus and secreted by a CHO cell linegreless pronounced biological activity
than the recombinant ong&21].

Our pilot experiments draw attention to the HMGHmdlucing ability of M. bovis,
demonstrated in both Western blot and ELISA expenits. To date, this is supported only by
Grover et al. who reported that mycobacterial ititecresulted in HMGB-1 secretion in both
macrophage and monocytic cell cultures, and theeBen of TNFa and IL-13 increased
significantly when murine macrophage cell culturesre incubated with HMGB-1 during
infection with M. bovis BCG. Thus, HMGB-1 may enhance and perpetuate rtiraune
response in tuberculodi222. Assessment of the pathophysiological role of ldis cytokine

in mycobacterial infections demands furthevitro andin vivo experiments.

Our findings suggest that HMGB-1 might be importemthe pathogenesis of AP. Produced
by activated monocytes/macrophages, HMGB-1 can igmgie inflammation and may

contribute to the tissue injury and organ failuteidg AP. In the severe, necrotizing form of
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pancreatitis, HMGB-1 may also be produced by thar@d pancreas and other damaged
organs. This is consistent with the results of Yiaset al.: the mean value of serum HMGB-1
levels was significantly higher in patients with BAhan in healthy volunteers, and serum
HMGB-1 concentrations were in significant positizerrelation with the Japanese severity
score and Glasgow scdr223. Further supporting the importance of HMGB-1 inF§/Aawa

et al. reported that anti-HMGB-1 neutralizing antlies significantly reduced the elevation of
serum amylase level, ameliorated significantly tleevations of serum alanine
aminotransferase and creatinine and improved thlbgical alterations of pancreas and
lung in experimental murine SAR24. Similarly, HMGB-1 was found to be a key mediator
of inflammatory response and organ injury in thiemadel of SAH179.

In our pilot study, a significant elevation of HM@Bconcentration was observed in plasma
of patients with AP compared to healthy subjectse HMGB-1 concentration was the
highest in the plasma of patients with SAP. To blest of our knowledge, this is the first
report in Europe in which the role of HMGB-1 is estigated in AP. However, it is necessary
to bear in mind that it is a preliminary result andrease in the number of cases in the study
group is therefore mandatory in the future. Addittly, studying SNPs of the gene of
HMGB-1 would be intriguing, but until now no suchutations have been found in the

databases.
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5. SUMMARY: CONCLUSIONS AND POTENTIAL
SIGNIFICANCE

1. Association betweenCARD4/NOD1, TLR4 and IL-8 polymorphisms and the
development of gastritis and duodenal ulcadipylori-infected patients

Patients carrying th€ARD4/Nodl 796 AA genotype are at an increased risk of the
development oH. pylori-induced duodenal ulcer.

Polymorphisms imLR4 do not play an important role in the outcome skdses if.
pylori-infected individuals.

In conclusion, NOD1 rather than TLR4 is importamthe recognition oH. pylori by
gastric epithelial cells.

ThelL-8 —251 AT genotype and possibly the presence ofth#éele contribute to the

genetic predisposition tid. pylori-induced gastritis and duodenal ulcer.

2. Association betwee@ARD4/Nod1 polymorphism and Crohn’s disease

» The CARD4/Nodl 796 A allele is a significant risk factor for Crok disease in the

Hungarian population.

3. Association betweel -8 andTLR4 polymorphisms and acute pancreatitis

o Patients carrying thdL-8 —-251 A allele are at an increased risk of severe

complications of acute pancreatitis.

4, HMGB-1 and acute pancreatitis

» Arreliablein vitro method was elaborated to detect HMGB-1 in celbsoatants.
* Induction of HMGB-1 secretion was also observeditro by Mycobacterium bovis
BCG.
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* Elevated levels of HMGB-1 were observed in plasmagatients with AP, which
suggests that HMGB-1 as a danger signal and asta tytokine” is an important
inflammatory mediator in the pathogenesis of apatecreatitis

General conclusion: Single nucleotide polymorphisms of genes of IL-8 and pattern-
recognition receptors might be responsible for different host responses, which further
determine the severity of gastrointestinal inflammation.
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