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advanced glycation end products
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advanced glycosylation end product-specific receptor
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antimicrobial peptide
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acute pancreatitis
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American Type Culture Collection
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base pair

BSA

bovine serum albumin

CARD

caspase activation and recruitment domain

cDNA

complementary DNA

CNV
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CT

threshold cycle
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danger associated molecular pattern
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dezoxyribonucleic acid
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enzyme linked immunosorbent assay
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endoscopic retrograde cholangiopancreatography

FAM

6-carboxyfluorescein
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fetal calf serum
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fluorescein isothiocyanate

GAPDH

glyceraldehyde-3-phosphate dehydrogenase

HBD

human beta defensin

HD

human defensin

HMGB1

high mobility group box 1 protein

HNP

human neutrophil peptide

iE-DAP

D-γ-Glu-meso-diaminopimelic acid

IFN

interferon

IFU

inclusion forming unit

Ig

immunoglobulin

IL

interleukin

LPS

lipopolysaccharide

LRR

leucine rich repeat

Mac-1

macrophage-1 antigen

MAPK

mitogen-activated protein kinase

MOI

multiplicity of infection

MOMP

major outer membrane protein

MRI

magnetic Resonance Imaging

MS

multiple sclerosis

NF-κB

nuclear factor-κB

NLR

Nod-like receptor

NOD

nucleotide-binding oligomerization domain

OR

odds ratio

PAMP

pathogen-associated molecular patterns

PBS

phosphate buffered saline

PCR

polymerase chain reaction

PP

primary progressive

PRR

pattern-recognition receptor

RAGE

receptor for advanced glycation end products

RFLP

restriction fragment length polymorphism

RLR

Rig-I-like receptors

RNA

ribonucleic acid

ROS

reactive oxygen species

RR

relapsing–remitting

RT-PCR

real-time reverse transcription PCR

SAP

severe acute pancreatitis

SDS

Sequence Detection System

SDS-PAGE

sodium dodecyl sulfate polyacrilamide gel electrophoresis

SNP

single nucleotide polymorphism

SP

secondary progressive

TLR

Toll like receptor

TNF

tumor necrosis factor
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5’-untranslated region
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1.

INTRODUCTION
Innate immunity relies on the detection of danger- and pathogen associated molecular

patterns (DAMPs and PAMPs, respectively) and a prompt or quick response to maintain the
homeostasis of the host. Several families of pattern-recognition receptor molecules (PRRs) [1]
- including receptor for advanced glycation end products (RAGE), Toll-like receptor (TLR)
family, Nod-like receptors (NLRs) and Rig-I-like receptors (RLRs) - are able to sense
endogenous danger signals or invading pathogens [2]. Activation of these receptor molecules
leads to a multistep cascade including nuclear factor-κB (NF-κB), mitogen-activated protein
kinases (MAPKs), and type I interferon (IFN) response resulting in production of mediators
of inflammation and antimicrobial defense molecules and/or alarmins. Among the latters,
different types of defensins can be regarded as the main effector antimicrobial proteins of the
innate immune system [3].
Receptor for advanced glycation end products binds advanced glycation end products
(AGEs), but also, a wide scale of endogenous alarmin molecules that are emerged from dying
host cells into the extracellular spaces upon microorganism-induced or other type of cell
damages. Besides AGEs among its ligands, ribonucleic and deoxyribonucleic acid (RNA and
DNA) molecules, high mobility group box 1 protein (HMGB1), ß-sheet fibrils and S100
proteins can be found [4]. Due to its broad spectrum of sensed molecular patterns, RAGE may
contribute to the pathogenesis of several multifactorial diseases.
The NLR family has more than 20 members including nucleotide-binding
oligomerization domain containing protein 1 and 2 (NOD1 and NOD2) [5]. These cytosolic
receptors are essential in sensing intracellular microbial components, such as various
peptidoglycan fragments of bacteria. Any impairment in function of NOD receptors may lead
to an increased risk of infection, or an inappropriate mucosal defense mechanism.
Activation of pattern recognition receptors in various epithelial cells induces antibacterial responses. The sufficient defensin production are crucial in maintaining effective
antibacterial defense of mucosal surfaces. Any impairment of these factors leads to a
decreased antimicrobial potential, that are significant not only in diseases with infectious
origin, but also in the pathogenesis of multifactorial diseases [6].

1.1.

THE FUNCTION OF RAGE
The receptor for advanced glycation end products is a member of immunoglobulin

superfamily of cell surface molecules [7, 8]. The RAGE is much more than its name implies:
it has a broad repertoire of ligands, which accumulate in the tissues during aging, chronic
degeneration, inflammation, and the host response (Figure 1.).
Figure 1. Broad spectrum of RAGE ligands [4]
Besides the advanced glycation end
products, it binds amyloid β-peptide (which
accumulates in Alzheimer’s disease) and
amyloid A (which accumulates in systemic
amyloidosis),

the

S100

proteins/calgranulins, (a family of closely
related calcium-binding polypeptides that
accumulate extracellularly at sites of chronic
inflammation), amphoterin, and Mac-1 [9,
10, 11, 8]. RAGE is expressed by a variety
of cell types, including endothelial cells, smooth muscle cells, mononuclear phagocytes,
astrocytes, neurons, and oligodendrocytes [12]. RAGE has been reported to be expressed in
particular populations of cortical neurons, in the hippocampus, in spinal motor neurons of the
anterior horn (especially Nissl bodies), in the ependyma and in the microvasculature of the
brain. In addition, some peripheral nerves seem to express RAGE [13]. The ligand/RAGE
interactions and the resulting RAGE upregulation are believed to activate many cell signaling
pathways, leading to enhanced production of reactive oxygen species (ROS) and
proinflammatory cytokines [14, 15, 16].
The detrimental effects on tissues mediated via RAGE are caused by generation of
oxidative stress and the up-regulation of inflammatory pathways followed by tissue injury. A
number of studies have suggested that expression of RAGE is increased at the sites of ligand
accumulation such as diabetic atherosclerotic lesions, Alzheimer disease, Creutzfeldt–Jacob
disease, and Huntington disease [9, 17, 18, 19, 20, 8].
The gene for RAGE, AGER is located on chromosome 6p21.3, and at least 30
polymorphisms have been identified to date. Most of the polymorphisms are rare coding
changes or located in non-coding regions, including introns and the 5′-flanking region [21].
Three single nucleotide polymorphisms (SNPs) have been highlighted including two common
functional SNPs (−429T/C [rs1800625] and −374T/A [rs1800624]) in the promoter region

and a common coding change of a glycine to serine at amino acid 82 (G82S or Gly82Ser
[rs2070600]). The −429T/C and −374T/A SNPs have been revealed to have effects on
transcriptional activity [22]. The G82S SNP influences the AGE-binding domain [23], and the
RAGE 82S allele up-regulates the binding of S100/calgranulins. The expression of RAGE is
increased in neurodegenerative diseases [12], therefore we investigated the relevance of SNPs
of RAGE promoter in the risk of multiple sclerosis.
1.2.

BACTERIAL SENSING BY NOD-LIKE RECEPTORS
Inflammation and immune responses are dependent on host recognition of invading

pathogens (Figure 2.). The NOD-like receptors (NLRs) are a specialized group of
Figure 2. NODs in
bacterial sensing [24]

intracellular sensors that represent a key component of the host innate immune system [25].
NOD1 and NOD2 share three common domains. A carboxy terminal leucine rich repeat
(LRR) has been shown to be responsible for detection of corresponding bacterial ligands.
Interestingly, an extracellular LRR domain is also responsible for PAMP recognition in the
case of TLRs, the ligand specificity of which, is defined by small amino acid insertions into
the basic scaffold shared by each member [26]. A central NOD mediates self-oligomerization
between molecules. The amino terminal caspase activation and recruitment domain (CARD) one in the case of NOD1 and two in the case of NOD2 - allows for protein–protein

interaction, through self-recognition, and is responsible for the effector function of NLRs.
NOD1 is ubiquitously expressed in various cell types, including epithelial cells, antigen
presenting cells, human gingival fibroblasts, myofibroblasts, astrocytes and microglia.
NOD1 is activated by peptides that contain D-γ-Glu-meso-diaminopimelic acid (iEDAP) that is derived from peptidoglycan present in almost all gram-negative bacteria, and is
produced either during synthesis and/or degradation [27]. By contrast, NOD2 recognizes
muramyl dipeptides, also derived from peptidoglycan, but present in a much wider number of
bacteria. Whilst NOD1 participates in the response to Chlamydia, Shigella, enteroinvasive
Escherichia coli and Campylobacter, NOD2 has been shown to be activated by
Mycobacterium tuberculosis, Salmonella, Listeria and Streptococcus [28].
The c.796G>A polymorphism of NOD1 (rs2075820) has been described [29]; it
encodes a changed protein, altering a glutamic acid residue (E), where the A allele
corresponds to the K variation-lysine (E266K). In view of the close relation between NOD1
activation and Chlamydia infection, we considered it of interest to investigate the genetic
polymorphism of NOD1 from the aspect of the development of stroke. The hypothesis of the
study was, that the genetic polymorphism of NOD1 in an interaction with Chlamydophila
pneumoniae infection might be a risk factor of stroke.
1.3.

HUMAN BETA DEFENSINS
Antimicrobial peptides (AMPs) are key components of innate immunity. Defensins are

a family of antimicrobial peptides [3]. Whereas human α-defensins HNP1-4 are expressed in
neutrophils and HD-5 and HD-6 are physiologically confined to the Paneth cells of the small
intestine, the second major family of defensins (ß-defensins) is apparently expressed in
epithelial cells of the skin, gut, respiratory and urogenital tissue [30]. While human betadefensin 1 (HBD-1) is produced constitutively, HBD-2 is induced by interleukin-1ß (IL-1β),
tumor necrosis factor-α (TNF-α) and bacterial lipopolysaccharide (LPS), and by contact with
Gram-negative

(Escherichia

coli,

Pseudomonas

aeruginosa)

and

Gram-positive

(Staphylococcus aureus) bacteria, and the yeast Candida albicans [31]. Moreover it is
induced in a protein kinase C-dependent manner by Malassezia furfur [32]. Thus, HBD-2
levels are increased in inflammatory disorders, whereas HBD-1, being constitutively
expressed, may serve as a defense in the absence of inflammation [33].
Epithelial-derived human ß-defensins, important components of host defense at the
mucosal surfaces, display a broad spectrum of activity against bacteria, fungi and viruses, and
also exhibit other functions, including potent chemotactic activity toward immature dendritic

cells and memory T cells [34]. To date, a total of 28 ß-defensin genes have been identified in
the human genome; located in five clusters. The cluster on chromosome 8p22–23 contains
eight ß-defensins (HBD-1 to HBD-4 and DEFB105 to DEFB108) known to date [35]. While
HBD-1, HBD-3 and HBD-4 appear to be constitutively expressed on intestinal epithelial cells,
HBD-2 is upregulated only during the course of inflammation. It is noteworthy that HBD-1
mRNA expression has also been detected in pancreatic acinar cells [36, 37]. Thus, HBD-1
could act in host defense in the pancreas. It is likely that the role of HBD-1 is to prevent the
invasion of bacteria from the proximal small intestine. This marked expression of HBD-1 in
the pancreas might be related to the protection of pancreatic epithelial cells from retrograde
infection via the pancreatic duct, or it might contribute to the antimicrobial properties of
pancreatic secretion.
HBD-1 is also constitutively expressed by leukocytes. Besides epithelial cells, the
expression of HBD-2 has been observed in human monocytes, macrophages and dendritic
cells [38]. Astrocytes may be another source of local HBD-2 synthesis in the brain [39]. The
naturally synthesized antimicrobial peptides may protect the brain against bacterial or viral
infection.
The DEFB1 gene, which encodes HBD-1, is located in region p23 on chromosome 8.
HBD-1 expression varies among individuals, even though this peptide is considered to be
constitutively expressed. Three frequent single nucleotide polymorphisms (SNPs) at positions
–20G/A (rs11362), –44C/G (rs1800972) and –52G/A (rs1799946) in the 5’-untranslated
region (UTR) of the DEFB1 gene were described by Dork and Stuhrmann [40]. These
mutations are indicated as c.–20G>A, c.–44C>G and c.–52G>A, respectively, according to
suggestions for mutation nomenclature [41]. The untranslated variants influence HBD-1
expression or function [42]. Variations in the DEFB1 gene have been associated with
Pseudomonas aeruginosa airway colonization in cystic fibrosis [43]. Polymorphisms in the
DEFB1 gene encoding HBD-1 have been linked with susceptibility to diseases, including
chronic obstructive pulmonary disease and asthma [44, 45]. Kocsis et al. recently observed an
association between DEFB1 SNPs and colonic localization of Crohn’s disease [46].
Figure 3. Defensins in mucosal immunity [47]
The level of β-defensin expression
varies from individual to individual and it
has been suggested that this variation is due
to genetic differences in the genes encoding
the

HBDs.

Two

types

of

genetic

polymorphisms have been identified in genes encoding defensins, copy number
polymorphisms (or copy number variations, CNVs) and single nucleotide poymorphisms
(SNPs). Hollox et al. [48] have described copy number polymorphisms of the DEFB4 gene,
which encodes HBD-2, with copy numbers ranging from 2 to 12 per diploid genome. Higher
DEFB4 copy numbers correlated with higher levels of DEFB4 mRNA expression.
Accordingly, it is presumed that this polymorphism may be an important component of
genetic variation in susceptibility to infections. Similar results have been published by
Linzmeier and Ganz [49].
1.4.

ASSOCIATED DISEASES
The adequate function of the components of the innate immunity is crucial in

maintaining the homeostasis of the host. Genetic polymorphisms in the genes encoding PRRs
and AMPs altering expressional level or subsequent amino acid sequence may impair their
functions, and contribute to the pathogenesis of several multifactorial diseases. Examples of
such diseases that were investigated in our studies are highlighted below.
1.4.1. Multiple sclerosis and RAGE
Multiple sclerosis (MS), a devastating neuroinflammatory disorder of the central
nervous system, can be characterized by multiple demyelization foci of the central nervous
system, which, in the course of the disease, can materialize in different time patterns:
relapsing–remitting type (RR), secondary progressive (SP) type, or primary progressive (PP)
type [52, 53, 54]. The main pathological features of the disease are the destruction of the
myelin sheaths of the nerve fibers, the relative sparing of the axons, and the infiltration of
inflammatory cells in a perivascular distribution. Although the well-defined autoimmune
activities of the different types against the central nervous system are of great importance in
the course of the disease, the pathomechanism and the direct causative factors have not yet
been elucidated. There are data indicating that changes in the level of the ROS may play roles
in the pathomechanism of MS. The disease is determined by a combination of exogenous
factors and genetic background. Immunohistological studies of spinal cord tissue derived
from MS patients have demonstrated enhanced RAGE expression in neurons and
inflammatory cells [12].
1.4.2. Acute ischemic stroke, Chlamydophila pneumoniae infection and NOD1
Stroke is a major health problem worldwide and there is an urgent need for a better
understanding of its causes and for the prevention of its occurrence. Stroke is divided broadly

into ischemic and hemorrhagic stroke. Ischemic stroke is a frequent heterogeneous
multifactorial disease that is affected by several environmental factors and genetic mutations.
Classical modifiable risk factors include hypertension, cardiac disease, dyslipidemia and
smoking. Evidence indicates that infections, inflammatory processes and modifiable risk
factors interact with genetic factors to cause stroke [56, 57, 58, 59, 60, 61]. Ischemic stroke
may be further divided into that caused by large vessel disease (because of atherosclerosis and
plaque formation within the common and internal carotid arteries), that caused by small vessel
disease (because of the involvement of small perforating end-arteries within the brain), and
cardiogenic stroke (secondary to blood clots traveling from the heart) [57].
Chronic infections with certain pathogens, such as Chlamydophila pneumoniae, and
genetic parameters that influence inflammatory reactions are suggested to contribute to the
disease. Serological evidence of past infection with C. pneumoniae, a common respiratory
pathogen, has been claimed to be associated with risk of ischemic stroke [62, 63, 64, 65, 66,
67]. However, in recent studies, data on the role of C. pneumoniae in patients with ischemic
stroke are still inconstant [68, 69, 70]. The chronic infection of susceptible target cells,
especially monocytes and endothelial cells, initiates local inflammation, which is important in
plaque formation. Chlamydiae induce chronic activation of the immune system, but little is
known about the mechanisms of C. pneumoniae-induced target cell alterations.
The cytosolic NOD proteins are molecules that have been implicated in intracellular
pattern recognition of bacteria such as the obligate intracellular Chlamydia [70, 71, 72, 73,
74] in addition to their primary role in host defense against invading pathogens, their ability to
regulate NF-κB, signaling, IL-1ß production, and cell death indicates that they are crucial to
the pathogenesis of a variety of inflammatory human diseases [75]. NF-kB activation via
NOD1 is crucial in maintaining inflammatory responses and cytokine activation [76]. It is
also known that the activation of NOD receptors mediates the induction of human betadefensins in various epithelial cells [77]. NOD1-mediated endothelial cell activation by
Chlamydophila. pneumoniae was recently demonstrated [78]; therefore, it appears that NOD1
is a potent innate immune receptor for C. pneumoniae in endothelial cells and monocytes.
1.4.3. Acute pancreatitis
Acute pancreatitis (AP) is a disease with a wide spectrum of clinical courses, ranging
from mild to severe forms, with a high rate of complications and a high risk of lethality.
Severe AP (SAP) is characterized by various degrees of necrosis of the pancreatic

parenchyma and by local and systemic complications, such as the systemic inflammation
response syndrome and multiple organ failure.
Bacterial contamination of pancreatic necrosis and the ensuing sepsis are the main
causes of death in SAP [79] facilitated by gut barrier dysfunction and increased intestinal
permeability resulting in bacterial translocation through the gut wall [80]. The permeability of
the gastrointestinal mucosa increases during the early phase of SAP and enables
bacterial/endotoxin translocation [81, 82]. The gut barrier plays an important role in AP; in
fact, gut barrier integrity prevents bacterial translocation resulting from an atrophic and leaky
gut, and decreases the systemic inflammatory response in pancreatitis from gut atrophy.
Pancreatic stellate cells are able to recognize pathogen-associated molecular patterns via their
receptors, leading to the activation of signaling pathways and proinflammatory responses
[83]. Thus, pancreatic stellate cells might play a role in immune function of the pancreas
through the recognition of pathogen-associated molecular patterns. The intestinal epithelium
forms a relatively impermeable barrier between the lumen and the submucosa. This barrier
function is maintained by a complex of proteins. The innate immune system plays a crucial
role in maintaining the integrity of the intestine. Mucosal epithelial cells produce a variety of
antimicrobial peptides that protect the mucosal surface against invading microbes [84]. Which
is certainly important in preventing the bacterial translocation in the case of mild pancreatitis.
There is evidence that host genetic factors can affect the severity of AP. Genes coding for
inflammatory cytokines have been reported to act as modifier genes in AP [50, 51].
1.5.

DEFENSIN INDUCTION BY CHLAMYDOPHILA PNEUMONIAE
Chlamydophila pneumoniae, an obligate intracellular parasite and a common cause of

acute respiratory infection, has a tendency to cause persistent inflammatory diseases such as
atherosclerosis, which may lead to cardiovascular disease or stroke [85, 63, 66]. Three
principle cell types involved in the atherogenic process within the developing atheroma
include endothelial cells, vascular smooth muscle cells, and monocytes/macrophages. Recent
publications have indicated that C. pneumoniae infection induces HBD-2 expression in
human mononuclear cells and in gingival fibroblasts [86, 87].
It has been reported that C. pneumoniae can infect human endothelial cells and induce the
expression of cytokines, adhesion molecules, chemokines and molecules with procoagulant
activity [88]. As endothelial cells are related to the physiopathology of stroke [89], we
considered it of interest to investigate the effects of in vitro C. pneumoniae infection on the
HBD-2 expression in brain capillary endothelial cells.

AIMS
The genetic variations of pattern recognition receptor molecules and defensins may
influence the severity and/or the course of multifactorial diseases, such as multiple sclerosis,
stroke and pancreatitis. Therefore we investigated:
•

Three common genetic polymorphisms of RAGE in patients with multiple sclerosis;

•

The c.796G>A SNP of NOD1 gene was investigated from the aspect of the
development of ischemic stroke;

•

The relevance of three SNPs in the promoter region of DEFB1, that might be related
to the development of SAP or to bacterial contamination of pancreatic necrosis, was
investigated. Accordingly, the copy number variation of DEFB4 gene, that alters the
level of produced HBD-2 peptide, was studied among patients with acute pancreatitis;

•

As endothelial cells are related to the physiopathology of stroke, we completed our
studies with the investigation of the effects of in vitro infection with Chlamydophila
pneumoniae on the expression of human beta-defensin 2 in human brain capillary
endothelial cells.

2.

PATIENTS AND METHODS

2.1.

PATIENTS AND CONTROLS
All patients and control subjects gave informed consent to their participation in our

studies, and the local ethics committees - Human Investigation Review Board at the
University of Szeged, Albert Szent-Györgyi Medical and Pharmaceutical Center, Szeged,
Hungary and the Human Investigation Review Board of Pándy Kálmán Hospital, Gyula,
Hungary - likewise gave their prior approval to the studies. All cases and controls were of
Hungarian ethnic origin and resident in Hungary.
2.1.1. Patient group with multiple sclerosis and controls
The study population comprised 154 relapsing-remitting (RR) and 14 secondary
progressive (SP) type MS patients with a mean age of 42.1 ± 8.5 years. The patients were
diagnosed and recruited from the Department of Neurology at the University of Szeged and
Department of Neurology of Pándy County Hospital in Gyula. The clinical inclusion criterion
was a diagnosis of clinically definitive MS (Poser criteria [52]). The RR form was defined as
the occurrence of exacerbations followed by complete or partial remissions. The SP course
was defined as the occurrence of a slow worsening of the disability lasting for more than 6
months, without or with relapses, in subjects who, before the progressive phase, had exhibited
an RR course (Poser et al. 1983). The clinical diagnosis was supported by the MRI criteria
[90, 91]. The expanded disability status scale score [92] for the patients ranged from 0 to 8
(mean, 2.81 ± 1.4) with a disease duration of less than 1–20 years (mean, 8.3 ± 4.5 years).
The control group consisted of 136 age- and gender matched healthy blood donors.
2.1.2. Patient group with acute ischemic stroke and controls
A total of 280 patients with acutely developing ischemic stroke, who had never
suffered a previous stroke event, were involved in the study. The study design was
prospective; these were consecutive patients. The patients were characterized and were
enrolled into one of the following stroke groups immediately after the clinical neurological
and MRI examinations. The first group represented the ‘large-vessel group’ corresponded to
large-vessel infarction. The second group corresponded to the ‘small-vessel occlusion type’,
which was defined as one or more small subcortical hemispheric or brainstem infarcts. The
third group corresponded to a mixed vascular pathology – one or more lacunar and largevessel infarcts on the MRIs. This classification, based on the clinical and clearly defined
radiological features, was considered to be the most exact and quantifiable method with

regard to the requirement that the subgroups have to reflect the main well-defined vascular
pathologies. All sera from ischemic stroke patients (from either patients or controls) were
tested for Chlamydophila pneumoniae IgG by serology with a commercial ELISA kit
(NovaTec Immundiagnostica GmbH, Dietzenbach, Germany) according to the instructions of
the manufacturer. The samples were considered positive if the absorbance value was higher
that 10% over the cut-off value.
The control group consisted of 150 age- and gender matched healthy blood donors.
2.1.3. Patient group with acute pancreatitis and controls
One-hundred and twenty-four patients with acute pancreatitis were enrolled in our
study (75 men and 49 women, age 58 ± 6.9 years). Thirty of them suffered from the mild and
94 from the severe form of the disease, classified according to the original criteria of Ranson
[93]. The criteria for the diagnosis of acute pancreatitis were a clinical history consistent with
the disease, appropriate radiological evidence, and serum amylase level higher than 660 U/L.
All patients were classified as having mild AP (patients with <3 positive signs; n = 30) or
SAP (patients with ≥3 positive prognostic signs; n = 94) according to the criteria of Ranson
[93]. Among the patients with necrotizing SAP, the diagnosis of infected pancreatic necrosis
(n = 29) was based on bacterial cultures of the necrotic pancreatic tissue sampled during
surgery or US- or CT-guided biopsies. In 88 patients, the AP was caused by alcohol (>80
g/day), in 20 the cause was cholelithiasis, in 10 cases pancreatitis developed following
endoscopic retrograde cholangiopancreatography (ERCP), and in 6 patients no cause could be
identified (these cases were classified as idiopathic). Patients were enrolled in this prospective
study at the Department of Surgery and the Department of Internal Medicine of Albert SzentGyörgyi Medical Center of Szeged University between September 2007 to May 2009.
The control cohort consisted of random, unrelated population of 100 healthy blood
donors. Control subjects did not have any gastrointestinal and/or liver diseases and were
selected from consecutive blood donors in Szeged.
2.2.

GENOTYPING PROCEDURES

2.2.1. DNA extraction
For the detection of various SNPs and CNVs genomic DNA was purified from
peripheral whole blood. The leukocyte DNA was isolated according to the manufacturer’s
instructions. (High Pure PCR Template Preparation Kit, Roche Diagnostic GmbH,
Mannheim, Germany). DNA concentration was measured by Qubit fluorometer (Invitrogen,
Carlsbad, USA). The genomic DNA was stored at -20°C until further use.

2.2.2. Determination of RAGE SNPs
Restriction fragment length polymorphism (RFLP) assays were used to detect the
−429T/C (rs1800625), −374T/A (rs1800624), and the G82S (rs2070600) SNPs of RAGE. For
amplification of the region containing the −374T/A and −429T/C polymorphisms, the
following primers were used: sense primer, 5′-TCAGAGCCCCCGATCCTATTT-3′;
antisense primer, 5′-GGGGGCAGTTCTCTCCTC-3′. PCR amplification was performed in a
25-µl reaction volume containing 25 pmol of forward and reverse primer,100 ng of template
DNA, 200 µmol/l of each dNTP, 1.5 mmol/l MgCl2, 1 U Taq polymerase (Fermentas, Vilnius,
Lithuania), and a reaction buffer containing 75 mmol/l Tris–HCl, 20 mmol/l (NH4)2SO4,
0.01% Tween. The conditions of amplification were as follows: 94°C for 5 min and 94°C for
30 s, 57°C for 30 s, and 72°C for 60 s for a total of 30 cycles, and finally 7 min at 72°C. The
PCR product (20 µl) was then digested with AluI (Fermentas; 5 U for 16 h at 37°C) for
−429T/C and with TasI (Fermentas; 5 U for 16 h at 65°C) for −374T/A. The restriction
products were separated by electrophoresis in 3% agarose gels and visualized in UV light
after gel red staining. The fragment lengths are listed in Figure 4.
Figure 4. RFLP genotyping of the −429T/C and −374T/A polymorphisms. Lanes 2, 3, and 4
correspond to genotypes TT (344 bp),
TC (344, 183, and 161 bp) and CC
(183 and 161 bp) for −429 T/C; lanes
6, 7, and 8 correspond to genotypes
TT (130, 110, 75 and 29 bp), TA
(240, 130, 110, 75, and 29 bp), and
AA (240, 75, and 29 bp). For
−374T/A, lanes 1 and 9 represent
undigested PCR products, lane 5
depicts a MW marker
Genotypes were scored according to the patterns of DNA bands (Figure 4.). The
G82S polymorphism in exon 3 of the RAGE gene was detected by RFLP [23]. Briefly, for
amplification,

the

following

GTAAGCGGGGCTCCTGTTGCA-3′,

primers
and

were

used:
antisense

sense

primer,
primer,

5′5′-

GGCCAAGGCTGGGGTTGAAGG-3′. PCR was performed as follows: 94°C for 5 min;
94°C for 30 s,62°C for 45 s, and 72°C for 60 s, for a total of 35 cycles, and finally 7 min at
72°C. PCR product was digested with AluI (Fermentas), 3 U for 16 h at 37°C, followed by
electrophoresis on 12% acrylamide gels. The digestion provided fragments of 248, 123, and

26 bp lengths for GG homozygotes and 248, 181, 123, 67, and 26 bp length for SG
heterozygotes (SS homzygotes should display four bands, reflecting fragment lengths of 181,
123, 67, and 26 bp, but no SS genotypes were detected in our study.)
2.2.3. Determination of c.796G>A polymorphism of NOD1
The 796G-to-A transition in exon 3 was analyzed by PCR-RFLP [29]. The reaction
mixture of 50 µl contained 100 ng of genomic DNA, 20 pmol of each primer (sense: 5’TGAGACCATCTTCATCCTGG-3’; antisense: 5’-CTTCCCACTGAGCAGGTTG-3’), 1.25
U Taq DNA polymerase (Fermentas, Vilnius, Lithuania), 1.5 mM MgCl2, 1 × PCR Taq
polymerase buffer + (NH4)2SO4, and 25 mM of each dNTP (Fermentas). After denaturation
(12 min at 95°C), the reaction consisted of 30 PCR cycles (30 s at 94°C, 30 s at 58°C, and 30
s at 72°C) followed by a final extension of 7 min at 72°C. For RFLP analysis the PCR
products were digested with AvaI restriction enzyme (Fermentas) at 37°C overnight,
electrophoresed on 2% agarose gel (Sigma-Aldrich, St Louis, MO, USA), visualized under
UV illumination and stained with 0.4 mg/l ethidium-bromide. The presence of a AvaI site (G
allele) was indicated by cleavage of the 379 bp amplified PCR product to yield fragments of
209 and 170 bp.
2.2.4. Determination of DEFB1 SNPs
Genotyping was performed using Custom TaqMan® SNP Genotyping Assays
(Applied Biosystems, USA). Fluorogenic minor groove binder probes were used for each
cases using the dyes 6-carboxyfluorescein (FAM; excitation, 494 nm) and VIC (excitation,
538 nm): beta-defensin-1 polymorphisms c.-20G>A (rs11362), c.-44C>G (rs1800972) and
c.-52G>A (rs1799946). Thermal cycling was performed on ABI Prism 7000 sequencedetection PCR systems. The amplification mix contains the following ingredients: 7.5 µl of
TaqMan® universal PCR master mix (Applied Biosystems), 0.375 µl of primer-probe mix,
6.375 µl of RNase- and DNase-free water (Sigma), and 0.8 µl of sample DNA, in a total
volume of 15 µl per single tube reaction. Assay conditions were 2 min at 50°C, 10 min at
95°C, and 40 cycles of 95°C for 15 s and 60°C for 1 min. Each 96-well plate contained 94
samples of an unknown genotype and two reactions with reagents but no DNA (non-template
control). Initial and post-assay analysis was performed using the Sequence Detection System
(SDS) version 2.1 software (Applied Biosystems) as outlined in the TaqMan Allelic
Discrimination Guide. Genotypes were determined visually based on the dye-component
fluorescent emission data depicted in the X-Y scatter plot of the SDS software. Genotypes
were also determined automatically by the signal processing algorithms in the software.

Results of each scoring method were saved in two separate output files for later comparison.
In order to verify the given data, restriction fragment length polymorphism analysis was
performed in 50 cases of all the 3 mutations as described previously by Wallace et al. [94].
The TaqMan® assays and the RFLP methods yielded identical results.
2.2.5. Determination of DEFB4 gene copy number
A TaqMan® real-time PCR assay, specifically for amplification of genomic DEFB4,
was established by using a specific set of amplification primers (forward 5’TGAAGCTCCCAGCCATCAG-3’; reverse 5’-TATTTCCCTGGCCCATCTCA-3’ and a
VIC-labeled probe (5’-VIC-ATCTCCTCTTCTCGTTCC-MGB-3’). Quantitative DEFB4
amplification data were normalized to ALB (FAM-labeled albumin, Applied Biosystems) as
an internal reference gene, which was co-amplified simultaneously in a single tube biplex
assay. The primers and probe for DEFB4 were designed using Primer Express 3.0 (Applied
Biosystems). Primers were purchased from Biocenter (Szeged, Hungary) and probes were
obtained from Applied Biosystems. Real-time PCR was performed using the ABI Prism 7000
SDS. Amplification reactions (15 µl each) were performed in triplicate with 20 ng of template
DNA, Maxima™ Probe qPCR Master Mix 2× (Fermentas, Vilnius, Lithuania), 300 nM of
each primer, and 200 nM of each fluorogenic probe. Thermal cycling was initiated with a 10min incubation at 95ºC to denature genomic DNA and to activate Fermentas polymerase. This
was followed by 40 cycles of two steps of 95ºC for 15 sec and 60ºC for 1 minute, the
fluorescence intensity was measured during the step of 60ºC. In each assay, a standard curve
was recorded and a no-template control was included. To amplify DEFB4 and albumin in a
one-tube biplex assay, limiting primer conditions were identified, to avoid competition of the
two reactions. Quantification was performed by the comparative threshold cycle (CT) method,
as described previously [95].
2.3.

IN VITRO STUDIES

2.3.1 Cell line and in vitro infection with Chlamydophila pneumoniae
BB19 cells, human brain capillary endothelial cells immortalized with the E6E7 genes
of human papilloma virus [96] were kindly provided by Dr J. Nelson (Department of
Microbiology and Immunology, Oregon Health Sciences University, USA). The cell line was
cultured as monolayer culture (cell culture medium RPMI supplemented with 10% FCS and
10% human AB serum, and 50 mg/ml endothelial growth factor [Sigma]). Cells were seeded
onto culture surface precoated with 1% gelatine at a density of 100,000 – 150,000 cells/ml.

Chlamydophila pneumoniae CWL-029 respiratory strain, obtained from ATCC, and
C. pneumoniae CV6 cardiovascular strain, isolated from an atheroma of a patient with
coronary artery disease [97], were propagated in Hep2 cells. Infected cells were harvested on
day 3 or 4 and then disrupted by two cycles of freeze–thawing and ultrasonication. Cell debris
was removed by centrifugation at 300 g for 10 min, and bacteria were concentrated by
centrifugation at 30,000 g for 30 min. Pellets were resuspended in sucrose-phosphateglutamic acid buffer. For mock infection, uninfected Hep2 cells were processed as described
above. BB19 cells were transferred to 6-well plates at a density of 1×106 cells/well, and
infected with C. pneumoniae stock at a multiplicity of infection (MOI) of 5 IFU/cell. Control
cells were not infected, or were treated with the same volume of mock stock. In addition to
infection with viable C. pneumoniae, BB19 cells were stimulated with organisms that had
been previously heat-inactivated (at 70°C for 45 min). Inoculated cells were centrifuged at
800 g for 60 min at room temperature (20–22°C). Medium was then changed for fresh
medium without cycloheximide. The plates were incubated at 37°C under 5% CO2, and
infected and control cells were harvested at the times indicated.
2.3.2. RNA isolation from BB-19 cell lysates and PCR amplification
Total RNA was isolated with Perfect RNA Eukaryotic Mini kit (Eppendorf) according
to the manufacturer’s instructions. The RNA concentration was determined by the A260 value
of the sample. Complementary DNA (cDNA) was generated from 1 mg total RNA using the
High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems) in a final volume of 20
µl. After reverse transcription Real-time PCR analyses were performed in a fluorescence
temperature cycler (LightCycler; Roche Diagnostics GmbH, Mannheim, Germany) according
to the manufacturer’s instructions. Samples were loaded into capillary tubes and placed in the
fluorescence thermocycler (LightCycler). Initial denaturation at 95°C for 10 min was
followed by 55 cycles of 95°C for 5 s, the primer specific annealing temperature for 10 s, and
elongation at 72°C for 10 s. For HBD-2 (sense, 5’-ATCAGCCATGAGGGTCTTGT-3’;
antisense, 5’-GAGACCACAGGTGCCAATTT-3’), the annealing temperature was set to
62°C. For HBD1- (sense, 5’-TTGTCTGAGATGGCCTCAGGTGGTAAC-3’; antisense, 5’ATACTTCAAAAGCAATTTTCCTTTAT-3’, the annealing temperature was set at 58°C.
Initial denaturation at 95°C for 10 min was followed by 50 cycles of 95°C for 10 s, the
primer-specific annealing temperature for 7 s, and elongation at 72°C for 12 s. For the
housekeeping gene GAPDH (glyceraldehyde-3-phosphate dehydrogenase); sense, 5’AAGGTCGGAGTCAACGGATTT-3’; antisense, 5’-TGGAAGATGGTGATGGGATTT-3’

primers were used. At the end of each run, melting-curve profiles were achieved by cooling
the sample to 40°C for 15 s and then heating the sample slowly at 0.20°C/s up to 95°C with
continuous measurement of the fluorescence to confirm the amplification of specific
transcripts. Cycle-to-cycle fluorescence emission readings were monitored and analyzed using
LightCycler software (Roche Diagnostics). Total RNA samples without reverse transcription
were amplified in the same way in order to exclude the possibility of the DNA contamination
of the RNA preparations. The amount of RNA was equivalent to that added to the reaction via
the reverse transcription reaction. Real-time PCR reaction and the melting point analysis were
performed and the results were negative. All quantifications were normalized to the
housekeeping GAPDH gene. Relative gene expression is given as a ratio between target gene
and GAPDH gene expressions.
2.3.3. Western blot assays
BB-19 cells were homogenized in ice-cold lysis buffer containing RIPA buffer and
protease inhibitor cocktail (Sigma), and the mixture was then centrifuged at 10,000 g for 10
min to remove cell debris. Protein concentrations of cell lysates were determined using the
Bio-Rad protein assay (Bio-Rad, Hercules, CA, USA). Supernatants were mixed with
Laemmli’s sample buffer and boiled for 3 min. To detect beta-defensin, aliquots of the
supernatants containing 25 mg of total protein were resolved by SDS-PAGE and
electrotransferred onto polyvinylidene difluoride membranes (Bio-Rad). Preblocked blots
were reacted for 4 h with specific polyclonal antibodies to human beta-defensin 2 (RD
Systems, Minneapolis, MN, USA) in PBS containing 0.05% (v/v) Tween-20, 1% (w/v) dried
non-fat milk (Difco Laboratories, Detroit, MI, USA) and 1% (w/v) BSA (fraction V; Sigma).
Blots were then incubated for 2 h with species-specific secondary antibody coupled to
peroxidase (peroxidase-conjugated anti-goat antibody[Sigma]). Filters were washed five
times in PBS-Tween for 5 min after each step and were developed using a chemiluminescence
detection system (Amersham, Buckinghamshire, UK).
2.3.4. Human ß-defensin 2 ELISA
For direct testing of the presence of the HBD-2 peptide in the infected and uninfected
brain capillary endothelial cells, and for measurement of the secreted HBD-2 protein into the
tissue culture medium, a sensitive HBD-2 ELISA (Alpha Diagnostic, San Antonio, TX, USA)
was used according to the manufacturer’s instructions. The detection limit of this ELISA kit
was 0.8 pg HBD-2 protein/ml.

2.3.5. Immunofluorescent assay
Expression of HBD-2 peptide by Chlamydophila pneumoniae infected and noninfected BB19 cells in Cytospin preparations were investigated by immunofluorescence
analysis. Cells were fixed in 1% acetone for 15 min at room temperature. Cells were stained
with goat anti-HBD-2 antibody (RD Systems) for 1 h. Bound antibody was detected with
FITC-conjugated rabbit anti-goat IgG (Sigma) for 45 min. After each incubation step, the
cells were washed three times with PBS containing 0.2% BSA. Fluorescence signals were
analyzed via confocal microscopy.
Eight serial images of each immunostained sample were captured by Olympus
FV1000 confocal laser scanning microscope with standard parameter settings. The
immunofluorescence of control and C. pneumoniae infected cells was quantitatively analyzed
by ImageQuant software (Molecular Dynamics) as follows: 6-6 equally sized circular areas
covering the cells were randomly selected on each image. The backgrounds of the selected
areas were eliminated by threshold set up and the fluorescence intensities/pixel values of the
randomly selected cells were quantified. The mean and SD of the data gained from serial
circular areas were calculated by means of Microsoft Excel. The level of statistical
significance was determined by two-tailed t-test.
2.4.

STATISTICAL ANALYSIS
Statistical analyses for comparison of genotype frequencies between groups were

performed by using the χ2 (chi-square) test, and Fisher's exact test if one cell had n<5. The
probability level of p<0.05 indicated statistical significance. The relationship between
genotypes and disease severity is presented as the odds ratio (OR), with a 95% confidence
interval (95% CI).The genotype frequencies for each polymorphism were tested for deviation
from the Hardy-Weinberg equilibrium by means of the χ2 test, with one degree of freedom
used. Statistical calculations were performed with the Graph Pad Prism 5 (Graph Pad
Software Inc., San Diego, CA) statistical program. Linkage disequilibrium estimation was
performed using http:/www.chgb.org.cn/lda/lda.htm.
For the quantification of HBD-2 expression using RT-PCR and ELISA, all values are
expressed as mean ± SD. results from C. pneumoniae infected samples were compared with
non-infected controls. The data were subjected to two-tailed paired Student’s test. For all
statistical evaluations, p<0.05 was considered statistically significant. Data analyses were
performed by Graph PadPrism 5 (GraphPad Software Inc., San Diego, CA,USA) statistical
program.

3.

RESULTS

3.1.

RAGE GENE POLYMORPHISMS IN PATIENTS WITH MULTIPLE SCLEROSIS

3.1.1. RAGE −374T/A Polymorphism
The genotypic distribution of RAGE −374T/A polymorphism is shown in Table 1.
The distribution of the genotypes was in accordance with the Hardy–Weinberg equilibrium
both in the control group and in the MS patients (p=0.975 and 0.999, respectively). There was
a significant difference in genotypes between the patients and healthy controls (χ2 test,
p=0.003). It was a lower frequency of the AA genotype among the patients with MS as
compared with controls: 14 of the 168 patients (8%) versus 25 of 131 healthy controls (19%);
OR=2.75 vs. controls, 95% CI=1.319-5.733, p=0.007. Conversely, a higher frequency of TT
genotype was observed among MS patients (84/168=50%) than among in controls (43 of
131=33%; OR=2.22 vs. controls, 95% CI=1.322−3.747, p=0.003). It is noteworthy that none
of the 14 patients with SP type MS carried the AA genotype.
Table 1. RAGE −374T/A genotypes in patients with multiple sclerosis

a

−374 T/A

TT

TA

AA

MS patients

84/168 (50%)**

70/168 (42%)

14/168 (8%)*

Controls

31/100 (31%)

49/100 (49%)

20/100 (20%)

p=0.003a

Chi-square test vs. controls; *p=0.007, Fisher test, OR=2.75 vs. controls, 95% CI: 1.319–

5.733; **p=0.003, Fisher test, OR=2.22 vs. controls, 95% CI: 1.322–3.747
3.1.2. RAGE −429T/C Polymorphism
The distribution of the genotypes was in accordance with the Hardy–Weinberg
equilibrium both in the control group and in the MS patients (p=0.646 and p=0.323,
respectively).There was no significant difference in the −429T/C genotypic distribution
between the patients with MS and the healthy controls.
3.1.3. RAGE G82S Polymorphism
One hundred eight DNA samples from the control group and 103 samples from the
MS patients were further available for investigation of the G82S SNP. The distribution of the
genotypes was in accordance with the Hardy–Weinberg equilibrium both in the control
population (p=0.976) and in the patients with MS (p=0.970). There was no significant
difference in the G82S genotypic distribution between the patients with MS and the healthy
controls We could not detect the SS homozygote genotype in either the controls or the MS
group. The frequencies of the GG and GS genotypes were similar in the two groups.

These results indicate, that that the −374T/A polymorphism of RAGE is a risk
factor for MS in general and influences the development of the secondary relapsing
form of the disease rather than simply the severity.
3.2.

NOD1 C.796G>A POLYMORPHISM AMONG CHLAMYDOPHILA PNEUMONIAE

SEROPOSITIVE STROKE PATIENTS

The distribution of the NOD1 genotypes was in accordance with the Hardy–Weinberg
equilibrium both amongst the control population (χ2=0.98, p=0. 322) and amongst the patient
group (χ2=1.55, p=0.213). Data relating to the genotypic distribution of the c.796G>A
polymorphism of the NOD1 gene are presented in Table 2. There was no significant
difference in the genotype distribution between the patients overall and the healthy controls
(χ2=4.2, p=0.121). When the Chlamydophila pneumoniae seropositivity was taken into
account, a considerable difference in frequency of the NOD1 polymorphism was observed
between the overall group of C. pneumoniae-positive patients and C. pneumoniae-positive
controls (χ2 =21.813, p<0.001). No significant difference was observed; however, between the
NOD1 genotypes of controls and patients amongst the C. pneumoniae-negative groups. The
AA homozygote and GA heterozygote mutant variants were detected in 16% (25 of 152) and
in 51% (77 of 152) of the C. pneumoniae-positive stroke patients, as compared with 7% (6 of
84), and 29% (24 of 84), respectively, in the C. pneumoniae-positive healthy controls.
(OR=2.559; 95% CI=1.105–6.517, p=0.04, and OR=2.56795% CI=1.451–4.540; p<0.001,
respectively). The frequency of A allele was 42% in C. pneumoniae-positive stroke patients,
whereas it was only 21% in C. pneumoniae-positive controls. The difference in genotype
amongst C. pneumoniae-positive subjects was more striking, when the patients were stratified
into the small vessel and large vessel groups (Table 3.). Those in large vessel group displayed
the highest frequency of the mutated allele A (51%). The frequency of the GA genotype was
56% (37 of 66) amongst the Chlamydophila-positive stroke patients with large vessel disease,
which means an OR of 3.19, 95% CI: 1.618–6.288, p=0.0008, as compared with the
Chlamydophila-positive control subjects (24 of 84; 29%). The difference in the frequency of
AA homozygotes was even higher amongst these groups, with an OR of 3.824; 95% CI:
1.362–10.50, p=0.008 (Table 2.). Conversely, the prevalence of the GG, wild type genotype
was significantly lower in the group of patients with the large vessel pathology, than in the
controls and those with small vessel disease; 21% (14 of 66) vs. 64% (54 of 84) and 42% (36
of 86), respectively. (OR=0.162, 95% CI: 0.076–0.341, p<0.001; and OR=0.405, 95% CI:
0.194–0.843, p=0.021, respectively.) In contrast, the difference in the genotype frequencies
between the stroke patients with small vessel disease and the controls was less marked;
considering the GA genotype, there was an OR of 2.177; 95% CI: 1.510– 4.104, p=0.01; and

there was no significant difference in the frequency of the AA genotype, i.e., 11% (10 of 86)
vs. 8% (6/84), p=0.43. Therefore, we conclude that the SNP of the NOD1 c.796G>A gene
is significantly higher amongst Chlamydophila-positive stroke patients, and the highest
frequencies of the GA and AA genotypes are to be observed amongst those patients, with
large vessel disease. In other words, Chlamydophila-positivity with polymorphism of the
NOD1 c.796G>A gene is a higher risk factor for the development of stroke with large
vessel disease than with small vessel disease. Interestingly, amongst the C. pneumoniaenegative patients, no significant difference in genotype frequency was observed between the
patients with large vessel disease and those with small vessel disease.
Table 2. NOD1 c.796G>A genotypes in stroke patients
GG

GA

AA

A%

Chlamydia +**

50/152 (33%)

77/152 (51%)b

25/152 (16%)a

42%

Chlamydia -

90/128 (70%)

30/128 (23%)

8/128 (6%)

18%

Total*

140/280 (50%)

107/280 (38%)

33/280 (12%)

31%

Chlamydia +

54/84 (64%)

24/84 (29%)

6/84 (7%)

21%

Chlamydia -

36/66 (55%)

24/66 (36%)

6/66 (9%)

27%

Stroke patients

Controls

*χ2=4.2, p=0.121 n.s. versus total controls; **χ2=21.813, p=<0.001 versus Chlamydia-positive
controls; aFischer test, OR=2.559 versus Chlamydia-positive controls; 95% CI: 1.105–6.517,
p=0.04; bFischer test, OR=2.567 versus Chlamydia-positive controls. 95% CI: 1.145– 4.540,
p<0.001.

Table 3. Distribution of the NOD1 c.796G>A genotypes in stroke patients as regards the
large vessel group and small vessel group
GG

GA

AA

A%

50/152 (33)

77/152 (50)

25/152 (16)

42

Large

14/66 (21)

37/66 (56)b

15/66 (23)a

51

Small

36/86 (42)

40/86 (46)d

10/86 (11)c

34

90/128 (70)

30/128 (24)

8/128 (6)

17

Large

36/51 (70)

11/51 (22)

4/51 (8)

18

Small

54/77 (70)

19/77 (25)

4/77 (5)

17

Total

140/280 (50)

107/280 (38)

33/280 (12)

31

Chlamydia +

54/84 (64)

24/84 (28)

6/84 (8)

21

Chlamydia -

36/66 (54)

24/66 (37)

6/66 (9)

27

90/150 (60)

48/150 (32)

12/150 (8)

24

Stroke patients
Chlamydia +

Chlamydia -

Controls

Total
3.3.

GENETIC POLYMORPHISMS OF BETA-DEFENSINS IN SEVERE ACUTE PANCREATITIS

3.3.1. DEFB1 c.-20G>A polymorphism
The distribution of the DEFB1 c.-20G>A genotypes was in accordance with the
Hardy-Weinberg equilibrium in the control population (p=0.996, χ2=0.001) and also in the
patient group (p=0.665, χ2=0.199). The genotypic distribution of the c.-20G>A polymorphism
of the DEFB1 gene is shown in Table 4. There was a significant difference in genotype
distribution between the pancreatitis patients overall and healthy controls (p=0.03). When the
patients were stratified according the disease severity, a more significant difference was
observed only between the controls and the patients with severe pancreatitis (p=0.009), but
not between the controls and patients with mild pancreatitis (p=0.44), when the genotypes
were taken into consideration. Thereafter we compared the numbers of AA homozygotes
among the patients with severe pancreatitis and the controls. As shown in Table 4., there was
a higher frequency (38%) of the AA genotype among the patients with severe disease as
compared with the controls (20%); OR=2.48, 95% CI: 1.305-4.722, p=0.006. The highest
frequency of AA genotype was observed among patients with infected pancreatic necrosis
(61%). The carriage of the A allele was also significantly different between the patients with
SAP (63%) and the healthy blood donor group (44%). Conversely, the prevalence of the

DEFB1 c.-20 GG wild type genotype was significantly lower (11%) in the group of patients
with severe acute pancreatitis than in the healthy control group (31%).
Table 4. DEFB1 c.–20G>A genotypes in AP patients and controls
c.-20G>A

GG

GA

AA

χ2 test vs. control

A%

AP patients

21/124 (17%)

66/124 (53%)a

37/124 (30%)e

p=0.03

56

Severe AP

10/94 (11%)

48/94 (51%)b

36/94 (38%)g

p=0.009

63

Infected

4/29 (14%)

10/29 (34%)c

15/29 (61%)h

p=0.002

69

Mild AP

10/30 (33%)

17/30 (57%)d

3/30 (10%)f

p=0.44

38

Controls

31/100 (31%)

49/100 (49%)

20/100 (20%)

44

Fisher’s test vs. control: ap=0.591, OR=1.184, 95% CI: 0.698–2.007; bp=0.885, OR=1.086,
95% CI: 0.618–1.908; cp=0.206, OR=0.547, 95% CI: 0.231–1.295; dp=0.534, OR=1.361, 95%
CI: 0.598–3.096; ep=0.122, OR=1.701, 95% CI: 0.912–3.172; fp=0.28, OR=0.444, 95% CI:
0.122–1.614; gp=0.006, OR=2.48, 95% CI: 1.305–4.722; hp=0.001, OR=4.286, 95% CI: 1.781–
10.31.
3.3.2. DEFB1 c.-44C>G polymorphism
The distribution of DEFB1 c.-44C>G genotypes was in accordance with the HardyWeinberg equilibrium among the patients with acute pancreatitis (p=0.610, χ2=0.260) and also
in the control population (p=0.597, χ2=0.279). The genotypic distribution of the DEFB1
c.-44C>G polymorphism is shown in Table 5. There was a significant difference in genotype
distribution between the patients overall and the healthy controls (χ2 test, p=0.02). When the
patients were stratified according the disease severity, a significant difference was observed
only between the controls and patients with severe pancreatitis (p=0.03) and not between the
controls and patients with mild pancreatitis, (p=0.84). Interestingly, there was a lower
frequency of the GG genotype among the patients with pancreatitis as compared with the
controls: 2 of the 124 patients with acute pancreatitis (1%) and none of patients with severe
acute pancreatitis (0%) vs. 9 of the 100 healthy controls (9%). Conversely, the prevalence of
the DEFB1 c.-44CC genotype was 72 % in the group of patients with severe acute pancreatitis
vs. 56 % of controls; Fisher test: p=0.02, OR=2.055, 95% CI: 1.27–3.745.

Table 5. DEFB1 c.-44C>G genotypes in AP patients and controls

AP patients

CC

CG

84/124 (68%)e

38/124 (31%)a

χ2 test vs. control

G%

2/124 (1%)

p=0.02

17

g

68/94 (72%)

26/94 (28%)

0/94 (0%)

p=0.003

14

24/29 (82%)h

5/29 (7%)c

0/29 (0%)

p=0.02

9

Mild

16/30 (53%)f

12/30 (40%)d

2/30 (7%)

p=0.84

26

Controls

56/100 (56%)

35/100 (35%)

9/100 (9%)

Severe AP
Infected

b

GG

26

Fisher’s test vs. control: ap=0.565, OR=0.820, 95% CI: 0.468–1.438; bp=0.283, OR=0.701, 95%
CI: 0.385–1.308; cp=0.07, OR=0.386, 95% CI: 1.357–1.103; dp=0.667, OR=1.238, 95% CI:
0.535–2.863; ep=0.09, OR=1.650, 95% CI: 0.956–2.845; fp=0.836, OR=0.898, 95% CI: 0.395–
2.037; gp=0.02, OR=2.055, 95% CI: 1.27–3.745; hp=0.009, OR=3.77, 95% CI: 1.331–10.69.
3.3.3. DEFB1 c.-52G>A polymorphism
The distribution of the DEFB1 c.-52G>A genotypes was in accordance with the
Hardy-Weinberg equilibrium in the control population (p=0.502, χ2=0.250) and also in the
patient group (p=0.997, χ2=0.0001). There was a significant difference in genotype
distribution between the pancreatitis patients overall and healthy controls (p=0.004). When
the patients were stratified according the disease severity, a more significant difference was
observed between the controls and patients with severe pancreatitis. (p=0.001) and not
between the controls and patients with mild pancreatitis, (p=0.606) when the genotypes were
taken into consideration (Table 6.) There was a higher frequency (41%) of the AA genotype
among the patients with severe disease as compared with the controls (18%); OR=3.23, 95%
CI: 1.678–6.218, p=0.0005. The carriage of the A allele was also significantly different
between the patients with severe pancreatitis (64%) and the healthy blood donor group
(39%,). Conversely, the prevalence of the DEFB1 c.-52GG wild type genotype was
significantly lower (14%) in the group of patients with severe acute pancreatitis than in the
healthy control group (40%).

Table 6. DEFB1 c.–52G>A genotypes in AP patients and controls

AP patients
Severe
Infected
Mild
Controls

GG

GA

AA

22/124 (18%)

60/124 (48%)a

42/124 (34%)e

b

χ2 test vs. control

A, %

p=0.004

58

g

13/94 (14%)

42/94 (45%)

39/94 (41%)

p=0.001

64

2/29 (7%)

15/29 (52%)c

12/29 (41%)h

p=0.001

67

9/30 (30%)

18/30 (60%)d

3/30 (10%)f

p=0.606

40

40/100 (40%)

42/100 (42%)

18/100 (18%)

39

Fisher’s test vs. control: ap=0.348, OR=1.295, 95% CI: 0.761–2.202; bp=0.772, OR=1.115, 95%
CI: 0.631–1.969; cp=0.399, OR=1.480, 95% CI: 0.713–2.567; dp=0.093, OR=2.071, 95% CI:
0.911–4.758; ep=0.009, OR=2.333, 95% CI: 1.241–4.388; fp=0.401, OR=0.506, 95% CI:
0.138–1.853; gp=0.0005, OR=3.230, 95% CI: 1.678–6.2185; hp=0.012, OR=3.216, 95% CI:
1.310–7.895.
3.3.4. Copy number polymorphism of human beta-defensin-2
In the control group the copy numbers had a range of 2-10 per genome, with a median
number of 4 copies. The proportions of control individuals who carry the median (4), less
than median (<4) or more than median (>4) number of copies were 24%, 40% and 36%
respectively. In patients with acute pancreatitis the frequency distribution of the subgroups
was significantly different from that of the control group (p=0.001, Figure 4.). 42% of
patients with acute pancreatitis overall had a lower copy number <4, while in patients with
severe acute pancreatitis the frequency of a low copy number (<4) was 62%, and that of a
copy number >4 was only 10% (Figure 4.).
Figure 4. Distribution of HBD-2 gene (DEFB4)
copy numbers in the controls (grey bars) and in
the patients with mild AP (orange bars) and
SAP (red bars) allocated to <4, 4 or >4 copies
per genome. *p=0.02 for the controls vs. the AP
group, and **p=0.001 for the controls vs. the
SAP group (χ2 test)
These results indicate the relevance of
genetic variations in the genes encoding
human β-defensin-1 and 2 in the
development of severe acute pancreatitis.

3.4.

INDUCIBLE EXPRESSION OF HUMAN ß-DEFENSIN 2 BY CHLAMYDOPHILA PNEUMONIAE
IN BRAIN CAPILLARY ENDOTHELIAL CELLS

3.4.1. Expression of human ß-defensin 2 mRNA in BB19 cells and increase in
expression by C. pneumoniae
To determine whether HBD-2 gene expression is induced in BB19 cells in response to
C. pneumoniae infection, RT PCR was performed. A time-dependent increase in HBD- 2
mRNA was observed in BB19 cells (Figure 5.). The maximum increase in HBD-2 mRNA
expression was observed at 24h at a MOI of 5 IFU. The infection of endothelial cells by CV6,
a cardiogenic strain, resulted in a more pronounced expression of HBD-2 mRNA. We
compared the effects of heat-inactivated C. pneumoniae with those of viable C. pneumoniae.
In cells stimulated with heat-inactivated C. pneumoniae, the expression of HBD-2 was
induced, although at a reduced level (Figure 5.). Mock preparations did not result in any
increase in HBD-2 mRNA level (data not shown).
We tested also the constitutive HBD-1 expression in BB19 cells. In contrast to HBD2, there was no any increase in expression of HBD-1 mRNA following C. pneumoniae
infection (data not shown).
Figure 5. Time-dependent increase in human ß-defensin-2 (HBD-2) mRNA expression by C.
pneumoniae. BB19 cells were infected with
C. pneumoniae CWL 029 (grey bars) and
with

acardiovascular

strain

of

C.

pneumoniae CV6 (black bars) or with heatinactivated C. pneumoniae CV6 (hatched
bars) at a multiplicity of infection of 5 IFU
for the time indicated. Open bars: BB19
cells alone (control cells). HBD-2 levels
were normalized to GAPDH by using
quantitative real-time PCR. Results are expressed as mean ± SD of the data from three
experiments. Asterisks indicate a statistically significant difference between the data from the
experimental test and the control test: *p<0.01, **p<0.001.
3.4.2. Human ß-defensin 2 protein expression in BB19 cells infected with C. pneumoniae
The expression of HBD-2 protein in C. pneumoniae infected endothelial cells was determined
by immunoblotting. Through use of the anti-HBD-2 antibody which binds to human betadefensin 2, a single band of about 4 kDa was detected. The signal was strong following the
blotting of cell lysates from C. pneumoniae-infected cells. The level of HBD-2 was only

barely detectable after the processing of the control cell lysate without C. pneumoniae
infection (Figure 6.).
Figure 6. Immunoblotting analysis of HBD-2 peptide expression in C. pneumoniae-infected
brain capillary endothelial cells. BB19 cell
cultures were infected with C. pneumoniae
at a MOI of 5 IFU for 24 h. Total cellular
protein (25 mg) from each culture was
loaded on a 15% SDS-PAGE gel for
immunblotting.

After

transfer,

the

membranes were incubated with anti-human
goat HBD-2 antibody. Human ß-defensin 2
was detected with ECL. Lane 1 relates to a
culture without infection, Lane 2 to a culture
with C. pneumoniae infection for 24h. These results are representative of three experiments
performed independently.

3.4.3. Immunofluorescent staining of BB19 cells for HBD-2
Immunofluorescent staining images of C. pneumoniae infected BB19 cells revealed that
HBD-2 was diffusely distributed as granules throughout the cytoplasm of the endothelial cells
(Figure 7.). There was only a weak fluorescence in the uninfected controls. The calculated
fluorescence intensity mirrored the ELISA (Figure 7.) and Western blotting results,
indicating that the HBD-2 protein was highly inducible.

Figure 7. Immunofluorescence analysis of the HBD-2 peptide in BB19 cells. Cells were
uninfected or infected with C. pneumoniae for 24 h. They were then harvested, and Cytospin
preparations were stained for HBD-2 with goat anti-human HBD-2 antibody, and thereafter
with secondary antibody (FITC labeled anti-goat antibody). Serial fluorescence images were
captured by confocal microscopy and analyzed statistically. (A) Isotype control; (B) control
cells without infection; and (C) cells infected with C. pneumoniae for 24 h.
3.4.4. Chlamydophila pneumoniae induces HBD-2 secretion by BB19 cells
Experiments were performed to determine the HBD-2 protein secreted by BB19 cells
into the tissue culture medium following C. pneumoniae infection. The amount of HBD-2 in
the supernatants was determined by ELISA. Results of these experiments showed that the
concentration of HBD-2 protein was significantly elevated in the supernatant 24h after C.

pneumoniae infection (Figure 8.). The supernatants from BB19 cells stimulated with heatinactivated C. pneumoniae displayed a moderate release of HBD-2 peptide (Figure 8.).
The BB19 cells incubated with mock stocks exhibited a similar level of HBD-2 release
as that of the noninfected controls (data not shown). In parallel experiments, the concentration
of HBD-2 was also determined in the cell lysates. A considerable increasing the amount of
HBD-2 was detected in the cell lysates of cultures infected with C. pneumoniae CWL-029 or
with C. pneumoniae CV6 for 24h (35.2 ± 3.8 pg/ml and 48.4 ± 4.6 pg/ml, respectively, vs 5.5
± 2.8 pg/ml in the control cell lysates).
These results imply that human endothelial cells stimulated by C. pneumoniae induce
the expression of the HBD-2 gene and the release of HBD-2 protein into the medium.
Figure 8. Kinetics of HBD-2 peptide production in culture supernatants from C. pneumoniae
infected BB19 cells. BB19 cells were
infected with C. pneumoniae CWL-029
(grey bars) or with C. pneumoniae CV6
(black bars) or with heat-inactivated C.
pneumoniae CV6 (hatched bars) at a
multiplicity of infection of 5 IFU for the
indicated periods and culture supernatants
were harvested. Open bars: BB19 cells
uninfected (control). The levels of HBD-2
were measured by ELISA. Values are mean + SD of the data from three independent
experiments. Asterisks indicate a statistically significant difference between the data from the
experimental test and the control test: *p<0.01, **p<0.001.

Our results indicate, that HBD-2 is expressed and produced in the human brain
capillary endothelial cells upon infection with Chlamydophila pneumoniae, and provide
evidence that HBD-2 plays a role in the early immune responses to C. pneumoniae and
probably in the immunopathogenesis of atherosclerosis.

4.

DISCUSSION

4.1.

RAGE GENE POLYMORPHISMS IN PATIENTS WITH MULTIPLE SCLEROSIS
The up-regulation and pathogenic effects of RAGE in MS highlight the RAGE gene as

a candidate for involvement in the pathogenesis of the disease.
Our results have demonstrated an association between the −374T/A polymorphism of
the RAGE promoter and MS; the frequency of the AA genotype was significantly higher in
the control group than in MS patients, suggesting that the AA genotype may have a protective
role against the development of MS. Recent studies have suggested a protective role of AA
genotype of the −374T/A SNP toward the development of coronary atherosclerosis [98].
There was no significant difference in genotype between men and women nor in genotype
distribution if the patients were stratified overall according to the severity of the disease.
However, it is noteworthy that none of the patients with the SP type of MS exhibited the AA
genotype, though the number of these patients in our study was low (14). Therefore, we
presume that the −374T/A polymorphism of RAGE is a risk factor for MS in general and
influences the development of the secondary relapsing form of the disease rather than simply
the severity.
The −374T/A polymorphism of RAGE gene located in the promoter region of the
gene has previously been shown to exert significant effects on transcriptional activity [22].
Our results raise the question of how the altered transcription of the RAGE promoter region
can affect the risk of MS. We presume that altered transcription may lead to a reduced degree
of expression of the RAGE, which could limit the activation of multiple RAGE-mediated
signaling pathways, leading to a different level of susceptibility to MS. There was no
difference in frequency of −479T/C genotype between the MS patients and the controls. In
accordance with this result, the study of Hudson et al. (2001) did not reveal any clear
differences in actual protein–DNA interactions in the case of the −429T/C polymorphism, but
a very distinct difference in transcription factor binding was observed between the −374 T and
A alleles. The T to A substitution appeared to prevent the binding of nuclear factor, which
suggested that a disruption of nuclear protein is involved in repression of RAGE transcription.
Transcription factor binding assays revealed the abolition of a nuclear protein binding site
with the introduction of the −374 A allele, supporting the role rather of this polymorphisms
and not of −429T/C in affecting RAGE transcription repression.
As concerns the Gly82→Ser polymorphism, Ser82 enhances receptor signaling
through mitogen activated protein kinases and nuclear factor of kappa B [23]. However, the

RAGE Gly82→Ser polymorphism showed no association with MS in our study. Hence, we
assume that inhibition of the expression of RAGE itself and not the modulation of signaling
may be a definitive factor in MS. In conclusion, we suppose that the altered transcription
induced by the −374T/A SNP could lead to a reduced level of RAGE, which might be a factor
protecting against the development of MS. Our findings support the view that RAGE plays a
role in the development of MS. Further studies will elucidate whether blockade of RAGE has
a therapeutic potential for the prevention of brain tissue injury and neurodegeneration in MS.
4.2.

RELEVANCE OF THE GENETIC POLYMORPHISM OF NOD1 IN CHLAMYDOPHILA

PNEUMONIAE SEROPOSITIVE STROKE PATIENTS

The causation of ischemic stroke is multifactorial a combination of genetic risk factors
and environmental factors [99]. Inflammatory parameters and chronic and acute infectious
diseases have been considered to modify stroke risk independently of conventional risk
factors. Sero-epidemiological studies are limited by the high prevalence of antibodies in
adults. The risk due to a prior infection may be influenced by individual inflammatory
response of the host. The relevance of single nucleotide polymorphisms of IL-6 and
intercellular adhesion molecule 1 genes were reported in ischemic stroke [100, 101]. Toll-like
receptors and NOD proteins are pattern recognition receptors, which are key elements in the
regulation of immune response [102]. TLR4 is the transmembrane lipopolysaccharide
receptor, which initiates the innate immune response to Gram-negative bacteria, including
Chlamydophila pneumoniae. Kiechl et al. [103] reported that the Asp288Gly polymorphism
of TLR4 predicted an inverse and reduced risk of atherosclerosis.
To check the importance of the difference in NOD1 genotype, we investigated the
NOD1 SNP in stroke patients. Several SNPs in NOD1 has been described [104, 105]. The
G796A SNP was chosen in the coding sequence of the gene in exon 3, as it was earlier
reported to encode a changed protein, (E266K) in the nucleotide binding domain altering a
glutamic acid residue, suggesting a potential functional effect of the mutation [29].
It was recently found, that the NOD1 A allele is associated with reduced expression of
NOD1 protein, leading to diminished NF-kB activation in response to Propionibacterium
acnes [106]. It is suggested that the E266K substitution reduces the stability of NOD1. In
addition to the induction of cytokines, NOD activation may be involved in signaling cascademediated defenzin expression [5, 24]. Any failure in the production of this natural
antibacterial protein could lead to an imbalance between invading bacteria and the host innate
immunity [3]. Thus, an impaired defensin synthesis might be linked to a higher rate of
multiplication of invading bacteria.

In our study, the NOD1 genetic polymorphism appeared to be a potential risk factor in
ischemic stroke only in C. pneumoniae-infected patients. In other words, it may be
speculated, that in the case of C. pneumoniae infection, a functional deficiency of the NOD1
signalling system could lead to a higher rate of multiplication of Chlamydophila and to a
more intensive local inflammatory response.
Conversely, C. pneumoniae infection alone, with an appropriate immune response is
not enough for a definitive inflammatory induction, and plaque formation in the blood
vessels. This seems to be supported by the fact, that the proportion of Chlamydophila
positivity was not significantly higher in our stroke patients. The results of the serological
examinations are in contrast with the observation underlining the association with C.
pneumoniae seropositivity in stroke [62, 63, 64]. In this sense, our results are in agreement
with the finding of no association of C. pneumoniae antibodies with ischemic stroke [68, 69,
70]. However, we did detect a significant association between the SNP of NOD1 receptor
(which also detects C. pneumoniae) and stroke only in C. pneumoniae-positive patients.
To the best of our knowledge, this is the first report concerning the relevance of
NOD1 polymorphism in the risk of ischemic stroke amongst Chlamydophila-positive patients.
There were significant differences in NOD1 G796A genotype distribution between the
controls and the stroke patients with C. pneumoniae infection. In the interpretation of our
data, some limitations should be considered. The small number of subjects in our preliminary
study is an indication of a need for caution. For a stronger power, the number of patients in
each group should be increased appreciably, which requires a multicenter approach.
There is certainly no specific link between any chronic infectious disease and stroke,
but it appears much more probably that the chronic infections are risk factors that act in
cooperation with conventional risk factors and genetic predisposition, which are neither
necessary nor sufficient for disease generation alone [58].
Polymorphism in NOD1 E266K is not a risk factor for stroke in general, but in
association with C. pneumoniae infection it appeared to be accompanied by an increased risk
of the development of stroke; therefore, it could prove to be a valuable marker for an
assessment of the risk of stroke in combination with C. pneumoniae infection.
4.3. RELEVANCE OF GENETIC POLYMORPHISMS OF BETA-DEFENSINS IN SEVERE ACUTE
PANCREATITIS
Maintenance of the integrity of the gut barrier is one of the goals in the treatment of
severe acute pancreatitis. For this reason, enteral nutrition has been proposed for restoration
and prevention of the morphological changes in the gut associated with fasting. More

recently, another method involving the use of probiotics has been proposed to reduce the
infection of necrosis by intestinal bacteria [107, 108]. Apart from a direct or indirect action on
other bacteria, it is believed, that probiotics act directly on the mucosal immune system,
stimulating an increased production of β-defensins [109, 110].
On the basis of

these observations, we presumed, that

an investigation of the

relevance of genetic polymorphisms of beta defensins in acute pancreatitis was plausible. We
supposed that any decrease in defensin expression either in the colonic mucosa or locally in
the pancreatic tissue could result a higher rate of bacterial translocation from the gut, or even
an increased possibility of retrograde infection. The expression of HBD-1 mRNA in the
pancreas acinar cells suggest that HBD-1 fulfills physiological functions in the host defense
[36].
Our analysis of DEFB1 c.-20G>A genotypes among patients with AP revealed that the
AA genotype comprises a higher risk of severe form of disease (OR=2.48). The functional
significance of this SNP resides in the formation of a nuclear factor-kappa B transcription
factor-binding sequence, and it likely that this mutation might cause a lower hBD1 expression
in colonic epithelial cells [41] or in pancreatic acinar cells. Similarly, the G/A SNP at the -52
region of DEFB1 correlates with decreased expression of HBD-1 and this is in accordance
with our results demonstrating a higher frequency of the A allele in patients with SAP. It is
tempting to speculate that this mutation in the -52 untranslated region might cause a lower
HBD-1 expression in epithelial cells with a deficient function of human defensin.
It is noteworthy, that 29 of the 94 patients in the SAP group suffered from infected
necrosis with multiple organ failure, and 25 of them carried the A allele of c.-20G>A.
Similarly, concerning the c.-52G>A SNP, 27 of the 29 patients carried the mutant A allele.
We therefore presume that individuals displaying the presence of the polymorphism may be
predisposed to the most severe complications of acute necrotizing pancreatitis.
The present study has demonstrated that the distributions of c.-44C>G (according to
the initiation codon-based nomenclature), also known as DEFB1 668C/G genotype, were
different in the patients with SAP and the healthy controls, while the frequency of the GG
genotype was significantly higher in the controls. This result indicates that the C/G mutation
probably leads to strengthened HBD1 antimicrobial activity, which is less frequent among
patients with SAP. The c.-44C>G SNP generates a putative binding site for nuclear factor-kB,
and induces overexpression [41]. The proposed effect of this SNP could partially explain,
why the GG genotype was considered to be a protective genotype in atopic dermatitis [111]
and also in susceptibility to Candida colonization [112] and the risk of HIV infection [113].

In these studies, subjects carrying the CC genotype at the -44 locus site of the gene were at a
greater risk of acquiring infection. In our previous studies a significant correlation was also
observed between the DEFB1 SNPs and the colonic localization of Crohn’s disease [46].
These data are consistent with our present observation that the GG phenotype could
also be protective in acute pancreatitis. Again, among the 29 patients with infected necrotic
pancreatitis only 5 carried the G allele, or protective allele, and none of them was GG
homozygote. These observations draw attention to the importance of DEFB1 polymorphism
especially as concerns a predisposition to infected pancreatic necrosis.
In the present study, acute pancreatitis was characterized by a shift to lower copy
numbers of DEFB4 encoding HBD-2. A low beta-defensin gene copy number in Crohn’s
disease predisposing to colonic localization has been reported, most

likely through

diminished beta-defensin expression [114]. Similarly, we suppose, that in our study
individuals with <4 copies are at a higher risk of developing severe acute pancreatitis because
of an impaired HBD-2 expression rate.
To the best of our knowledge, this is the first time that three DEFB1 SNPs have been
tested for a possible association with acute pancreatitis. The DEFB1 G-20A and DEFB1 C44G and DEFB1 G-52A SNPs differed between the patients with SAP and the healthy
controls. Additionally, the low copy number of DEFB4 - the gene of human defensin β-2 - in
patients with SAP draws attention to the importance of defensins in development of severe
form of AP.
Our results should be regarded as preliminary results, indicating the relevance of the
SNPs in the genes encoding HBD-1 and HBD-2 in acute pancreatitis and especially in
infected SAP, which should be confirmed on a larger

series of

patients in a future

multicentre study.
Although the SNP may be only one of the factors that contribute to the susceptibility
to SAP, our data further support the idea, that SAP could be due also to the defective
production of beta-defensins.
It is unlikely that a single modifier gene alone is responsible for SAP. It is more likely,
that the combination of a multitude of SNPs, in different genetic loci and genes, contribute to
produce the clinical phenotype of SAP. The identification of the variants of the DEFB1 and
DEFB4 genes may contribute to a better understanding of the pathogenesis of this disease.

4.4. INDUCIBLE EXPRESSION OF HUMAN B-DEFENSIN
IN BRAIN CAPILLARY ENDOTHELIAL CELLS

2 BY CHLAMYDOPHILA PNEUMONIAE

Expression of defensins in human endothelial cells in response to Chlamydophila
pneumoniae has not been studied previously. Sero-epidemiological studies in patients with
stroke have provided evidence of an association of risk with prior infection with C.
pneumoniae [63, 66]. The endothelial dysfunction observed in stroke patients has been related
to the physiopathology of stroke, the stroke subtypes, the clinical severity and the outcome
[89]. The present study was performed to analyze the expression of HBD-2 and the effects of
C. pneumoniae on HBD-2 expression in the human brain capillary endothelial cell line BB19.
Human ß-defensin 2, an antimicrobial peptide, has so far been found exclusively in a
variety of epithelial cells. No data are available on HBD-2 expression in endothelial cells
except for the very recent publication by Kawsar et al. [119], which reported the expression
of HBD-2 in the intratumoral vascular endothelium and HUVECs (human umbilical vein
endothelial cells).
In our study, the expression of HBD-2 mRNA in brain capillary endothelial cells was
first assessed by RT-PCR. As mRNA may not always be translated to protein, we also
investigated whether capillary brain endothelial cells express the HBD-2 peptide. The
expression of the HBD-2 peptide in endothelial cells was confirmed by immunofluorescence
staining for HBD-2 peptide and by Western blotting. The secretion of HBD-2 was confirmed
by measuring the HBD-2 in the supernatants by ELISA. In good accordance with the
inducible nature of HBD-2 in keratinocytes and epithelial cells, we observed a definite
increase in the expression of HBD-2 upon exposure to C. pneumoniae.
In our experiments, heat-inactivated C. pneumoniae was still able to induce the
expression and secretion of HBD-2, albeit at lower levels (Figures 5. and 8.). This suggests
that, among the potential products of bacteria, one candidate could be a heat-resistant
lipopolysaccharide. On the other hand, heat–labile compounds, such as outer membrane
proteins or other yet unidentified factors, might also be candidates for HBD-2 activation.
Infection of human endothelial cells with C. pneumoniae results in the stimulation of a
wide variety of cytokines, adhesion molecules, chemokines and proteins with procoagulant
activity [88, 120], which furnishes evidence of the role of infection with this bacterium in the
atherogenic process [121, 122].
The role of ß-defensin peptide in endothelial cell biology is not clear. It might be that
endothelial cells use defensins to exert antimicrobial activity. Defensins also exert a broad
spectrum of immunological effects [123, 124]; human ß-defensins may attract immature

dendritic cells, naive T-cells and memory T-cells [125], which suggests that these defensins
are involved in orchestrating an immune response [126], and it may be hypothesized that
HBD-2 contributes to the possible innate immunity involved in atherosclerosis. Further
studies are necessary to elucidate the role of HBDs in atherosclerosis or stroke.
The result demonstrating that HBD-2 is expressed and produced in the human brain
capillary endothelial cells upon infection with C. pneumoniae is novel and provides evidence
that HBD-2 plays a role in the early immune responses to C. pneumoniae and probably in the
immunopathogenesis of atherosclerosis. This result might facilitate an understanding of the
pathomechanism of the inflammation-mediated events of atherosclerosis or stroke in
connection with C. pneumoniae infection.

5.

SUMMARY AND NEW RESULTS
1. Our results revealed an association between the -374T/A polymorphism of the RAGE
promoter and multiple sclerosis. The genetic variant -374AA (which has previously
been shown to exert significant effects on transcriptional activity) can be considered a
preventive factor as regards the occurrence of MS. Our findings support the view that
RAGE plays a role in the development of MS.
2. Polymorphism of NOD1 G796A alone did not prove to be a risk factor for stroke in
general, but in association with Chlamydophila pneumoniae infection it appeared to be
accompanied by an increased risk of the development of stroke.
3. The variations in the genes encoding human β-defensin-1 and -2 may be associated
with the risk of severe acute pancreatitis and also with infected acute pancreatitis.
4. The results of in vitro experiments indicate that HBD-2 is expressed and produced in
the human brain capillary endothelial cells upon infection with C. pneumoniae, and
provide evidence that HBD-2 plays a role in the early immune responses to C.
pneumoniae and probably in the immunopathogenesis of atherosclerosis.

6.
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