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Toll-liknende reseptor-mediert inflammasjon i
keratinocytter

Gjennom arbeidet i denne avhandlingen har vi ensket & finne mer ut av hvordan
hudcellen selv setter i gang reparasjonsmekanismer etter ytre pavirkning, gjennom
aktivering av hudcellens eget medfedte immunforsvar. Vi har hatt fokus pa Toll-
liknende reseptorer (TLR), som er en sarlig viktig del av dette immunforsvaret

Det medfadte immunforsvaret gjenkjenner molekyler som evolusjonsmessig har
som fellesnevner at de er assosierte med fare for organismen. Bade fremmede
molekyler fra mikrober og egne molekyler som varsler om skade kan gjenkjennes
av det medfedte immunforsvaret. Aktivering av det medfedte immunsystemet
setter 1 gang betennelsesreaksjoner. For & iverksette en effektiv
betennelsesreaksjon, skiller aktiverte hudceller ut signalmolekyler, kalt cytokiner,
som aktiverer flere andre celletyper og dessuten er med pa & regulere
betennelsesprosessens videre forlap

Vi begynte arbeidet med & analysere cytokinprofiler i sarvaeske fra akutte sar. I
tillegg sa vi pd hvordan celler i et sarmiljo reagerte pd stimulering med ulike TLR-
ligander og betennelsesfremmende cytokiner som er tilstede ved akutt betennelse.
Analysene involverte i tillegg til hudceller ogsa endotelceller (blodkarceller),
fibroblaster (bindevevsceller), monocytter og neytrofile ganulocytter (hvite
blodceller).

Et hovedfunn var at hudceller er sars folsomme for en syntetisk TLR3-ligand,
polyl:C. Denne liganden er en analog av dobbeltradet RNA, som man blant annet
finner i enkelte virus. Stimulering med polyl:C utleste kraftige produksjon og
frigjoring av de fleste av de 27 molekylere mediatorer vi undersekte for. @vrige
sentrale TLR-ligander utleste liten eller ingen frigjering av disse signalmolekylene
fra hudceller.

Dette funnet la grunnlaget for de videre studiene vi har gjort i denne avhandlingen,
hvor vi forsgkte 4 finne mer ut av hvorfor hudceller er s& falsomme for polyl:C, og
hvordan polyl:C-stimulering forer til frigjering av signalmolekyler viktige for
igangsetting av betennelsesreaksjon.

Vi gikk videre med & karakterisere hvordan polyl:C stimulering virker s & si
utelukkende gjennom TLR3-reseptoren, til tross for at det finnes andre potensielle
reseptorer og signaleringsmekanismer for denne liganden. Vi fant videre at TLR3-
stimulering forte til en dose-respons- avhengig celleded og samtidig frigjering av
det sentrale cytokinet CXCL-8. Celleded kan skje pa ulike mater, og vi har
beskrevet morfologiske karakteristika som gjorde det vanskelig & klassifisere
celledaden som apoptose eller nekrose. Vi spekulerte i muligheten for at denne
cellededen kunne passe med en tredje kategori; pyroptose. Dette er en type
programmert celleded som karakteriseres av caspase-1 aktivering, men ikke de
apoptotiske caspasene -8, -9 og -3/7. Vi fant ogsa at stimulering med polyl:C
sammen med en annen nukleinsyre beskyttet mot bade toksisitet og inflammatorisk



respons. Denne effekten kunne vi tilskrive utkonkurrering av reseptor-mediert
opptak av polyl:C i cellen.

I det siste arbeidet rettet vi fokus p& hvordan TLR3-responser er avhengige av
caspase-4-aktivering. Caspase-4 er et protein som inngdr i programmert celleded
og i inflammasjon. Vi fant at TLR3-stimulering i hudceller forte til en kraftig
aktivering av gener assosiert med betennelsesprosesser, herunder proformen av det
viktige cytokinet interleukin-1f og bestanddeler i andre medfedte
immunforsvarssystemer (NLRP3 og caspase-1). Ved & blokkere caspase-4,
blokkerte vi bade frigjoring av IL-1p og celleded. Caspase-1-hemming blokkerte
ogsa for IL-1B-frigjering, men mindre effektivt enn caspase-4-hemming. Dette
plasserer caspase-4 oppstrems for caspase-1 i kaskaden for IL-1B-frigjering.
Videre fant vi at spesifikk hemming av caspase-4, men ikke caspase-1, beskyttet
mot celleded. TLR3 stimulering forte ogsa til en tidlig aktivering av bade den
inflammatoriske caspase-1 og de apoptotiske caspasene-8, -9 og -3/7. Denne typen
celleded av keratinocytter involverer sdledes mekanismer som man observerer
bade ved apoptose og pyroptose.

Ny og viktig viten om det medfedte immunforsvaret publiseres sé 4 si daglig. I
denne avhandlingen har vi demonstrert nye mekanismer for hvordan hudcellen
igangsetter betennelsesreaksjoner gjennom TLR3-aktivering.
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1 Introduction

1.1 The immune system

The human body is under constant challenge from various physical, chemical and
microbial agents. A highly developed system of biological structures and processes
composes the immune system that protects the human body from disease. The
immune system must detect a wide variety of agents, and also distinguish them
from the organism's own healthy tissue. Another important role of the immune

system is to identify and eliminate cancer cells.

The human microbial defence system can be regarded as consisting of three levels:
(1) anatomical and physiological barriers; (ii) innate immunity; and (iii) adaptive
immunity (Figure 1). The immune system protects organisms from infection with
layered defences of increasing specificity. The first line of resistance consists of
physical barriers such as skin and mucous membranes that prevents pathogens
from entering the organism. If a pathogen breaches these barriers, an immediate,
but non-specific innate immune response will be triggered by cell associated or
secreted pattern recognition receptors. Should pathogens evade or survive these
primary innate responses, the more elaborate adaptive immune system will be
alarmed by the innate response. The adaptive immune system adapts its response
during an infection to improve its recognition of the pathogen. This improved
response is then retained after the pathogen has been eliminated, and allows the
adaptive immune system to mount faster and stronger attacks next time this

pathogen is encountered.
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Figure 1. Three levels of human defence against infection.

The human microbial defence system can be viewed as consisting of three levels:
(1) anatomical and physiological barriers; (2) innate immunity; and (3) adaptive
immunity. Failure in any of these systems will greatly increase susceptibility to
infection. NLRs, nucleotide oligomerisation domain (NOD)-like receptors; TLRs,
toll-like receptors.

1.2 Pattern recognition receptors

Despite being referred to as non-specific, the innate immune system holds
substantial specificity to conserved molecular patterns in various microorganisms,
known as pathogen-associated molecular patterns (PAMPs). Receptors to these
patterns are called pattern recognition receptors (PRRs) (1). Upon PAMP
recognition, PRRs initiate series of signalling programs that execute the first line of

host defensive responses necessary for killing infectious microbes. In addition,
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PRR signalling simultaneously induces maturation of dendritic cells (DCs), which
is responsible for alerting induction of the second line of host defence, so-called
adaptive immunity (2). The PRRs are also activated by damaged endogenous
components from damaged or dying cells, recognizing damage-associated
molecular patterns (DAMPs). As the inflammatory response induced in response to
DAMPs is similar to that observed during microbial infection, certain PRRs are
also involved in the induction of sterile inflammation. DAMPs and PAMPs may
occupy the same or neighbouring binding sites on TLRs. There is also evidence
that DAMPs require different co-receptors and accessory molecules to PAMPs (3).
It has been postulated that feedback between PAMPs and DAMPs via overlapping
receptors may form an important connection between infection and inflammatory

disease reactivation or intensification (4).

Intact microbial pathogens are usually composed of a number of PAMPs, which
activate multiple PRRs. Moreover, different PRRs may recognize the same PAMP.
At least five major classes of cell associated PRRs have been identified to date.
They include transmembrane Toll-like receptors (TLRs), which are located at the
extracellular surface or within endosomes. C-type lectin receptors are also
membrane bound and characterized by the presence of a carbohydrate-binding
domain. Of the cytoplasmic PRRs, there are three families: Nod-like-receptors
(NLRs), retinoic acid-inducible gene (RIG)-I-like receptors (RLRs), and DNA-
sensors (5). In addition, numerous secreted PRRs exist; hereunder complement
factors, ficolins, pentraxins and C-reactive protein. Activation of these PRRs can
trigger the complement cascade, leading to opsonisation and phagocytosis. The

secreted PRRs will not be discussed further in this thesis.

1.2.1 Toll-like receptors

Toll-like receptors (TLRs) were the first PRRs to be identified, and are also the
most studied sub-group of PRRs. They receive their name from their similarity to

the protein coded by the Toll gene identified in Drosophila in 1985 by Christiane
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Niisslein-Volhard. The gene in question, when mutated, makes the Drosophila flies
look unusual, or “weird”. The researchers were so surprised that they
spontaneously shouted out in German "Das ist ja toll!" which translates as "That's
great!" (6). Subsequently, the same receptor was described as important in
resistance to fungal infections in Drosophila (7). The first reported human Toll-like
receptor was described by Nomura and colleagues in 1994 (8). A human
homologue (hToll) was suggested to be involved in activation of NF-xB and
induction of proinflammatory cytokines (7), later to be recognized as a receptor
critical for cellular activation induced by the gram-negative cell wall component

lipopolysaccharide (LPS) (9).

The TLRs are the best characterized and recognize a wide range of PAMPs (10-
12). TLRs are transmembrane proteins and comprise an ectodomain, which
contains leucine-rich repeats that mediate the recognition of ligands, a
transmembrane region, and cytosolic Toll-IL-1 receptor (TIR) domains that
activate downstream signalling pathways. They are expressed either on the cell
surface or associated with intracellular vesicles. To date, thirteen mammalian TLRs
have been identified; in human ten functional TLRs are found. Each TLR detects
distinct PAMPs derived from viruses, bacteria, mycobacteria, fungi, and parasites.
These include lipoproteins (recognized by TLR1, TLR2, and TLR6), double-
stranded (ds) RNA (TLR3), lipopolysaccharide (LPS) (TLR4), flagellin (TLRS),
single-stranded (ss) RNA (TLR7 and TLR8), and DNA (TLR9) (2). The ligand for
TLR10 is not known, but is believed to cooperate with TLR2 in the sensing of
microbes and fungi through a different signalling function from TLR2 subfamily

members (13).

TLRI1, TLR2, TLR4, TLRS, and TLR6 are localized on the cell surface and largely
recognize microbial membrane components. TLR3, TLR7, TLR8, and TLR9 are
expressed within intracellular vesicles such as the endoplasmic reticulum,
endosomes, lysosomes, and endolysosomes (14). The proper cellular localization
of TLRs is thought to be important for ligand accessibility, the maintenance of

tolerance to self molecules such as nucleic acids and downstream signal
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transduction (15). For instance, TLR3 and TLR7 localise in the same intracellular
compartments often found adjacent to phagosomes containing apoptotic bodies,
suggesting that TLR3 and 7 can be triggered by nucleic acids from apoptotic cells
(16).

Upon recognition, either as homodimers or heterodimers, with their respective
ligands, TLRs recruit a specific set of adaptor molecules that harbours TIR
domains, such as MyD88 and TRIF, and initiate downstream signalling events that
lead to the secretion of inflammatory cytokines, type I IFN, chemokines, and
antimicrobial peptides (15, 17). These responses cause recruitment of neutrophils,
activation of macrophages, and induction of IFN-stimulated genes, resulting in
direct killing of the infected pathogens. Moreover, activation of TLR signalling

leads to maturation of DCs, contributing to the induction of adaptive immunity.

Individual TLRs selectively recruit distinct adaptor molecules, providing specific
immunological responses tailored to the infecting microbes (11). TLR3 and TLR4
generate both type I interferon and inflammatory cytokine responses, while cell
surface TLR1-TLR2, TLR2-TLR6 and TLRS5 induce mainly inflammatory
cytokines. These differences are explained by the signalling through different
signalling pathways of the TIR domain—containing adaptor molecules, including

MyD88, MAL (TIRAP), TRIF and TRAM.

TLR signalling pathways can be largely classified as either MyD88-dependent
pathways, which drive the induction of inflammatory cytokines, or TRIF-
dependent pathways, which are responsible for the induction of type I interferon as
well as inflammatory cytokines (11, 17). The MyD88-dependent pathway is
universally used by all TLRs except TLR3. Through this, transcription factor NF-
kB and mitogen-activated protein kinases (MAPKSs) induce inflammatory
cytokines. In contrast, TRIF is used by TLR3 and TLR4 and induces alternative
pathways that lead to activation of the transcription factors IRF3 and NF-xB and
the consequent induction of type I interferon and inflammatory cytokines. TLR7

and TLR9 recruit MyD88 along with IRAK4 and TRAF6, which activate IRF5 and
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NF-«B for inflammatory cytokine induction and IRF7 for type I interferon
induction. TRAM and MAL function as sorting adaptors that recruit TRIF to TLR4
and MyD88 to TLR2 and TLRA4, respectively (2, 18).

An overview of TLR-signalling is given in figure 2.

TLR4 TLR1,TLR2,TLR6 TLR5
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MAL1 1 "‘l
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» My,
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T &
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l MyD—88I

NF-kB IRF3 IRF7 NF-«B

Pro-inflammatory cytokines Type-1IFNs Pro-inflammatory cytokines

(figure legend next page)
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Figure 2. Toll-like-receptor signalling.

Toll-like receptor signalling pathways result in activation of transcription of pro-
inflammatory cytokines. TLRs signal through two different pathways: the MyD88-
dependent pathway and the MyD88-independent/TRIF-dependent pathway. TLRI,
2, 5,6, 7, 8 and 9 signal through the MyD88-dependent pathway (—). TLR3
signals through the TRIF-dependent pathway (—). TLR4 is special as it signals
through both pathways. Activation of NFkB leads to transcription of pro-
inflammatory cytokines and chemokines, while activation of IRF3 and IRF7 induce
transcription of type-I interferons. This schematic overview shows simplified
sequential activation of proteins.

1.2.2 C-type lectins

The CLRs encompass a diverse family of proteins unified by the possession of at
least one C-type lectin domain (CTLD), a structurally conserved motif that
recognises an array of both endogenous and exogenous ligands. Similar to other
PRRs, such as the Toll-like receptors (TLRs), CLRs are involved in host defence
against pathogenic infection. In contrast to TLRs, which recognize various PAMPs
such as lipopolysaccharides, proteoglycans and nucleic acids, CLRs mostly
recognise carbohydrates on pathogens (19). Fungal cell walls contain multiple
types of carbohydrates, such as mannans, -glucans and chitin. Therefore, CLRs
play a central role in the recognition and shaping of immune responses to fungal
pathogens. The collaboration of TLRs and CLRs together tailors the host immune
responses in fungal infections (19). CLRs are commonly expressed on myeloid
cells of the immune system, but are also expressed on mucosal epithelial cells
where the host is in contact with the microbial flora and potential pathogens, e.g.
the gut and respiratory tract. Some CLRs directly activate intracellular signalling
cascades via intrinsic signalling motifs, such as Syk/CARD-pathways, while others
make use of adaptor molecules to initiate signal transduction (20). CLR signalling
cascades can act to promote, modulate or repress cytokine production in host cells,
helping to determine the host immune response and outcome of infection (21).
Examples of central CLRs are Dectin-1, Dectin-2, DC-SIGN, Mincle (macrophage

inducible C-type lectin) and the mannose receptor. In addition, the collectins
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comprise a group of soluble CLRs, all of which have been implicated in inducing

or modulating cytokines in response to fungi.

1.2.3 NOD-like receptors and inflammasomes

NOD-like receptors (NLRs) is short for Nucleotide Oligomerization Domain
receptors.

This is a large family of PRRs that respond to various stimuli, including PAMPs,
non-PAMP particles and cellular stresses (22, 23). Divergence in the mechanism of
NLRs is also reflected by functions beyond pathogen recognition, as NLRs are
involved in many different cellular processes (24). NLRs are found to play roles in
signal transduction, cell death, development and reproduction, autophagy,
autoimmune and inflammatory diseases (24). Still, the functions and signalling

pathways of a large subset of NLRs remains obscure (25).

NLRs belong to the signal transduction ATPases with numerous domains
(STAND) subclade of the AAA-ATPase superfamily. They are characterized by a
centrally located nucleotide-binding domain, a variable number of highly
polymorphic C-terminal leucine-rich repeats (LRRs), and diverse N-termini
(Figure 3). STAND proteins are molecular switches regulated via nucleotide
binding. The ADP-bound form represents the resting “off” state. Upon recognition
of endogenous or exogenous ligands, a conformational change allows ADP to be
exchanged for ATP. This initiates either activation of NF-kB or MAP kinases to
induce the production of inflammatory cytokines, or activate a multiprotein-
complex; the inflammasome (26). Inflammasomes can be reckoned as a subgroup
of NLRs, although a member in the HIN200 family (AIM2) is also an
inflammasome. Most of the inflammasomes contain a PYD-domain, in contrast to
the NODs that contain a CARD-domain. The exception is NLRP1 that possesses
both PYD- and CARD domains. The inflammasome initiates the proteolytic

cleavage of various caspases resulting in the maturation and production of
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inflammatory cytokines, such as IL-1f and IL-18, in addition to initiation of
pyroptosis in macrophages (27).

Human NLRs Conserved domains
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Fig 3. Structure of different Nod-like receptors.

The conserved domains of NLR proteins are represented. N-terminal baculoviral
inhibitory repeat (BIR) domain, caspase recruitment domain (CARD), pyrin
domain (PYD), activation domain (AD), and undefined domains are specific to
animals.

The term inflammasome was also chosen to highlight structural and functional
similarities with APAF1, a component in another well-known caspase-activating
complex, the apoptosome, a molecular platform that triggers apoptosis.
Inflammasomes are assembled after sensing a structurally diverse repertoire of
PAMPs and DAMPs. The range of activation signals sensed by each protein is
distinct, but may include overlapping signals (28).

NLRP3, the best characterized inflammasome, is activated by a large variety of
signals with strikingly structural diversity, including PAMPs, DAMPs and bacterial
toxins (29-32), whereas the AIM2 (not belonging to NLRs, see DNA-sensors
below) and NLRC4 inflammasomes are activated only by specific PAMPs, double-
stranded DNA (dsDNA) and specific bacterial proteins, respectively (33, 34).
Several models have been proposed to explain how these signals are sensed.

Mounting evidence now indicates a primordial role of the mitochondria in NLR
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activation (35, 36). Two recent studies suggest that the NLRP3 inflammasome
ultimately senses mitochondrial dysfunction and initiates inflammatory responses
following specific forms of cellular stress through sensing of reactive oxygen
species (ROS) (35, 37). It remains unclear what the ligand for NLRP3 is, but one
possibility is this ligand is released from the ROS-generating damaged
mitochondria. Still, there are also other theories on direct and indirect recognition
of activation signals of the inflammasome (28). Figur 4 illustrates the current view
on NLRP3 inflammasome activation (38).

Inflammasome activity needs to be tightly regulated by the host to avoid the excess
production of cytokines or overt cell death. Regulation occurs at transcriptional and
post-transcriptional levels the expression of inflammasome sensors, in particular
NLRP3, is relatively low in many cell types and requires a priming signal to be
induced (39), alternative splicing of inflammasome components (40), subcellular
location and trafficking of inflammasome components (41), and downregulation
either through secreted factors or cell—cell interactions leading to transcriptional

and post-transcriptional downregulation of inflammasome activity (42, 43).
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Figure 4. Supposed mechanisms for NLRP3 activation.

Three different models for activation of the NLRP3 inflammasome are prevailing
(38):

The channel model - Cellular stress or damage induced by DAMPs and PAMPs
results in potassium efflux through pore formation. This potassium disturbance
may activate the NLRP3 inflammasome directly or through allowing cytoplasmic
entry of extracellular factors that are direct NLRP3 ligands.

The lysosome rupture model - Lysosomal rupture due to organelle damage leads to
cytoplasmic release of cathepsin B, which either directly or through cleaving an
unidentified substrate induces activation of NLRP3.

The ROS model - Both lysosomal damage and potassium efflux leads to
mitochondrial dysfunction and the generation of ROS. The NLRP3 inflammasome
is then triggered by one or several unknown intermediates, possibly originating
from the mitochondrium. Mitophagy prevents further NLRP3 inflammasome
activation by clearance of ROS-producing mitochondria.

1.2.4 RIG-I-like receptors

The RIG-I-like receptors (RLRs) family has three known members: retinoic acid-
inducible gene (RIG-I), melanoma differentiation-associated gene 5 (MDAS), and
laboratory of genetics and physiology-2 (LGP2) (44). The RLRs recognize viral
RNAs in the cytoplasm. RNA virus infection leads to the generation of dsSRNA and
RNAs with 5’-triphosphate ends in infected cells. Long dsRNA is not normally
present in cells, and the 5°- ends of host RNAs are typically capped and sensed by
RIG-I and MDAS5. The role of LGP2 is still unclear, but it is suggested to play a
regulatory role in RIG-I/MDAS signalling (45, 46). In response to detection of
viral RNAs, RIG-I and MDAS associate with an adapter protein designated virus-
induced signalling adapter (VISA) (47, 48). RLRs induce inflammatory cytokines
and type I interferons, through NF-kB- and IRF3/7-pathways, respectively (49, 50).
The inflammatory cytokines initiate and co-ordinate various innate immune
responses through recruitment of professional immune cells (51, 52). The
production of type I interferons induces an antiviral state by altering various
cellular processes. This inhibits viral replication, induces apoptosis in infected
cells, increases the lytic capacity of natural killer cells, up-regulates the expression
of MHC class I molecules and activates various components of the adaptive

immune response.
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1.2.5 DNA-sensors

Just over the last few years, this class of PRRs has gained a growing number of
members. Like the cytosolic RNA recognition pathways, cytosolic DNA
recognition also leads ultimately to production of type I IFNs. What is clear is the
essential role of the recently new player in the pathways, stimulator of IFN genes
(STING) in cytosolic DNA sensing pathways. STING is detected in the
endoplasmic reticulum (ER) and upon activation complexes with signalling
components including TBK1, leading to phosphorylation of IRF-3 (53, 54) Much
less clear is the mechanisms or receptors which act upstream of STING. However,
the signalling pathways downstream of DNA sensors are poorly characterized (55).
Apart from the transcription factors nuclear factor (NF)-kB and IFN regulatory
factor 3 (IRF3), strong evidence exists for a central role for TANK-binding kinase-
1 (TBK1) in addition to STING (56).

The sensors display some selectivity in regards of cell type, the pathogens sensed,
and the exact nature of the DNA ligand tested. However, current evidence renders
it unlikely that these diverse sensors display differential selectivity for different
types of DNA. Rather they may all simply sense cytosolic dsDNA in different cell
types (56). Among the characterized DNA-sensors, we find DNA-dependent
activator of IFN-regulatory factors (DAI), RNA polymerase III, leucine-rich repeat
(LRR)-containing protein (LRRFIP1), DHX9 and DHX36 (55, 57).

Another cytosolic DNA receptor, AIM2, forms an inflammasome with ASC to
trigger caspase-1 activation (33, 58). Very recently, IF116 has also been proposed
to mediate inflammasome activation, in response to Kaposi's sarcoma-associated
virus infection of endothelial cells (59). Interestingly, IFI16 is proposed to sense
viral DNA in the nucleus, indicating that IFI16 may have alternative DNA sensing
functions in the nucleus and the cytosol. Both AIM2 and IFI16 belong to a protein
family termed the pyrin and HIN domain (PYHIN) family, of which there are four

known human members. It is recently suggested the existence of a brand new
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family of PRRs termed Aim2-like Receptors (ALRs), consisting of AIM2 and
IF116, and possibly other members of the PYHIN-family (60).

A complete overview of PRR-signalling is shown in Figure 5.
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Fig 5 Overview of PRR mediated signalling.

Toll-like receptor (TLR) signalling. Plasma membrane-localized TLRs, such as
TLR4, TLRS, TLR11, and TLR2 (TLR2 forms a heterodimer with TLR1 or TLR6
to form a functional receptor complex) and endosomal-localized TLRs, such as
TLR3, TLR7, and TLRY, activate TLR signalling pathways. All TLRs, except
TLR3, recruit MyD88 and activate MyD88- dependent signalling. TLR1, 2, 4, and
6 all recruit the additional adaptor molecule MAL for activation of MyD88. TLR3
recruits TRIF and activates TRIF-dependent signalling. TLR4 relocates to
endosomes after ligand binding, where it also activates TRIF-dependent signalling
through an additional adaptor molecule, TRAM. MyD88-dependent signalling is
initiated through the recruitment and activation of various signalling molecules,
which in turn activate the IKK complex. The active IKK complex activates NF-kB
subunits to initiate the transcription of inflammatory cytokine genes. TLR7 and
TLR9Y ligands induces MyD88-dependent type I interferon production through a
direct interaction between MyD88 and IRF7 via IRAK family proteins and
phosphorylated IRF7. Phosphorylated IRF7 translocates to the nucleus and initiates
the transcription of type I interferons. In addition the TLR7 and TLR9-mediated
signalling pathways activate NF-kB via an MyD88-dependent signalling pathway.
TLR3 activate the TRIF-dependent signalling pathway through recruitment of
TRIF to induce transcription of inflammatory cytokines and type I interferons
through the IKK- complex and TBK1/IKKi, respectively, via the activation of NF-
kB and IRF3/IRF7.

C-type lectins signalling. Recognition of carbohydrate ligands by C-type lectins
activate intracellular signalling cascades such as Syk or Src-kinases, which in turn
activates CARD-complexes, eventually leading to activation of NF-«kB and
subsequent secretion of proinflammatory cytokines.

RIG-I-like receptor (RLR) signalling. Recognition of ligands by cytosolic sensors,
such as RIG-I and MDAS, activates signalling through the mitochondria-localized
adaptor protein VISA leading to the activation of NF-kB and IRF3/IRF7 through
the IKK complex and TBK1/IKKi, respectively, which results in the production of
inflammatory cytokines and type I interferons. LGP2, another member of the RLR
family, regulates the RIG-I- and MDAS5-mediated signalling pathways.

Nod-like receptor (NLR) signalling. Recognition of ligands by NOD1 and NOD2
initiates activation of NF-kB via the IKK complex. Another member of the NLR
family constitutes the multi-protein complex termed the inflammasome. This is
required for the maturation or activation of pro-IL-1 family cytokines to its
bioactive IL-1 family cytokines. Activation of the inflammasome requires two
steps: 1- NF-kB-dependent up-regulation of the pro-forms of the cytokine. 2-
Conversion of the inactive form of the cytokine to a bioactive form by the
inflammasome.

Cytosolic DNA sensor-dependent signalling. DNA in the cytoplasm of cells are
sensed by various cytosolic DNA sensors which activate NF-«kB and IRF3/IRF7 via
the IKK complex and TBKI1/IKKi. Upon activation, the ER-localized protein
STING complexes with TBK1 and IKK-complex. Recognition of DNA by AIM2
and IFI16 also induces the maturation of prolL-1f to IL-1B through an
inflammasome complex consisting of ASC and caspase-1.
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1.3 The skin as an immune organ

The skin is more than an immunologically inert anatomical barrier to the hostile
exterior. An expedient architectural structure and cellular composition the skin

provides protection from injury and infection.

The skin consists of two layers, the epidermis and dermis. The epidermis is the
surface layer, consisting of a keratinized, stratified and squamous epithelium that is
under constant exposure to the outside. The epidermis consists mainly of
keratinocytes in various stages of differentiation, in addition to a few skin antigen-
presenting cells, dendritic epidermal T-cells and pigment-producing melanocytes.
Under the epidermis, the dermis is a connective tissue composed of structural
collagen and elastic fibres, in addition to a mixture of other extracellular matrix
protein. In contrast to the epidermis, the dermis consists of a large variety of cell
types, including fibroblasts, macrophages, mast cells, T cells, and dendritic cells
(DCs). The fibroblast is the main stromal cell in the dermis. Fibroblasts have
highly specialized roles in conditioning the cellular and cytokine environment in
areas of inflammation by virtue of the complex array of factors they express (61).
If the epidermal barrier is disrupted, pathogens as well as allergens make contact
with resident innate immune cells in the skin. DCs are professional antigen-
presenting cells, which are ideally located to detect any skin invading pathogen and
allergen. DCs are a heterogeneous population of immune cells, which are thought
to exert different functions depending on their origin, their state of activation and
their location. In the skin, DC subsets are classified as Langerhans cells (epidermal
DCs), resident dermal myeloid DCs, plasmacytoid DCs, and myeloid dermal
inflammatory DCs (62). A major function of DCs is the initiation of adaptive
immune responses, but the skin DCs are also involved in innate immune responses.
Of particular interest is how TLR activation can instruct adaptive immune
responses by inducing a Th-1 type immune response. Activation of TLRs on DCs
can promote upregulation of co-stimulatory molecules that help promote

interaction and stimulation of antigen specific T cells of the adaptive immune
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response and induction of T helper 1 (Th-1) cell-mediated immune responses (63).
Langerhans cells participate in mediating TLR responses, and seem particularly
responsive to TLR2 and TLR 7/8 ligands. DCs contribute to host defence against
bacterial infection via IL-1R/MyD88 signalling in resident skin by neutrophil
recruitment to localized Staphylococcus aureus infection in the skin. Also autocrine
or paracrine activation of DCs or Langerhans cells by IL-1p is one of the suggested
mechanisms leading to the control of bacterial skin infection (64). DC-derived IL-1
and IL-23 are also involved in the promotion of IL-17 production in memory T-
cells, which can contribute to the protection against certain bacteria (65). Mast
cells (MC) are for many regarded as the “allergy cell”. Still, a crucial role of MCs
in innate host defence is today well established (66). For instance, activation of
skin MCs is crucial for the induction of protective innate immune responses to skin
infection with Pseudomonas aeruginosa (67). MCs also protects against infection
with invasive group A Streptococcus, where skin MC-derived production of the
anti-microbial peptide (AMP) cathelicidin is an essential mediator leading to
bacterial killing and possibly also to enhanced recruitment of neutrophils to the site
of infection (68). MCs are also capable of modulating long term inflammatory skin
reactions to environmental danger signals such as UV-irradiation (69, 70). The
epidermal melanocyte protects human skin against carcinogenic UV irradiation by
providing melanin. Melanocytes also exhibit a variety of functions. For example,
human melanocytes have the capacity to express HLA-DR, CD40 and adhesion
molecules, such as ICAM-1 and VCAM-1(71) and various soluble mediators of
inflammation such as IL-1f, IL-6 and CXCL-8 (72).

1.4 Keratinocytes as immune cells

Immunologists in general have tended to focus on leukocytes as the central cell of
the immune response, but in skin the keratinocyte is an essential and

underappreciated part of immunological function (73).
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The epidermis is in constant contact with multiple microbes (1 million/cm?).
Therefore, an important and difficult task is to ensure reliable immunosurveillance
and efficient defence against pathogens, and also avoid excessive immune
responses, which might result in auto-immunity and chronic inflammation (74). At
this interface between self and non-self, microorganisms compete for the
colonization of the surface. Keratinocytes are specialized in many ways to exert
their crucial role as outpost of the innate defence system. Only the innermost, basal
layer of epidermal cells has the capacity for DNA synthesis and mitosis. Triggered
by still an unidentified signal, the process of terminal differentiation is initiated.
After approximately six weeks, the now dead, flat, enucleated and keratin-filled
corneocytes in the stratum corneum is shed from the surface of the epidermis. The
entire epidermis and in particular the top layer of dead cells plays a role as the first
barrier against the environment. In the upper layer of the epidermis the cells build a
physical barrier, the stratum corneum, against penetration of microbes and
allergens. The nucleated epidermis is tightly locked together by desmosomes and is
embedded in a hydrophobic intercellular matrix (62). Damage signals mediated
through PRRs activate keratinocytes to enhance the production of constitutively
expressed AMPs and can additionally induce the production and secretion of other
mediators. This enables optimal innate immune responses either directly or through

interaction with other cells.

Keratinocytes have been shown to express TLRs 1, 2, 3, 5, 6 and 9 (75-78),
whereas there is more controversy about expression of TLR4 in cultured primary
keratinocytes (77, 79). There is no constitutive expression of TLR7 or TLRS in
keratinocytes (75, 79). TLR2 activation (in concert with TLR1 or TLR6) in
keratinocytes results in activation of NF-xB and subsequent production of
chemokines, iNOS and matrix metalloproteinase-9 (76). Mimicking viral infection,
activation of TLR3 by its ligand, dsSRNA (poly I:C), on human keratinocytes
induces production of CXCL-8, TNF, IL-18, and type I interferon, and the
chemokines -9 and IP-10 (75, 79, 80). TLRS activation in human keratinocytes by
its ligand flagellin, results in production of TNF, CXCL-8, and the antimicrobial
peptides human B-defensins 2 and 3 (hBD2 and hBD3) (75, 79, 81). TLR9
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activation with oligodeoxynucleotides also induces several chemokines, promoting
memory T-cell responses and production of type I interferon (79). AMPs are vital
elements in skin defence, as they possess a broad spectrum of antimicrobial activity
as evidenced by their ability to exhibit multifunctional roles in defending against
pathogenic insult (73). They do not only directly interact with pathogens but also
modulate host immune responses. Keratinocytes are the most important producers
of AMPs in the skin, the synthesis mainly taking place in the stratum granulosum,
packaged into lamellar bodies, and then transported to the stratum corneum (82).
There are described more than ten different classes of AMPs originating from
keratinocytes, among them different subsets of the two most important families

defensins and cathelicidins (73).

The physical barrier in the skin is mainly comprised by the stratum corneum and
consists of protein-enriched cells and lipid-enriched intercellular domains. The
nucleated epidermis also contributes to the barrier through tight, gap and adherens
junctions, as well as through desmosomes and cytoskeletal elements.

The chemical barrier exists through the presence of highly organized lipids, acids,
hydrolytic enzymes in particular in the upper layers of the epidermis. Also, on the
surface, the dry skin surface with low pH (around 5.0) is hostile to many
microorganisms. In addition, the presence of non-pathogenic microorganisms on
the epidermis surface also defends against pathogens by limiting nutritional

availability and through chemical secretions (83).

1.5 Programmed cell death in relation to

inflammatory processes

Timely cell death is essential in normal growth and development, but also
important in host defence. Through activation of different PRRs, cell death can
arise from within the cell itself, or from a variety of extracellular sources (84).

When these receptors are triggered, cells can die in an immunogenic or non-

29



physiological way and rapidly initiate host defence responses. Different types of
programmed cell death can therefore lead to the extracellular release of molecules

and structures that can potently induce the innate immune system (85).

In a review from 1994, Emmanuel Farber concluded in a review paper “that there
is no field of basic cell biology and cell pathology that is more confusing and more
unintelligible than the area of apoptosis versus necrosis” (86), and this opinion still
holds considerable support 18 years later (87). From previously being viewed as
either apoptosis or necrosis, several other forms of programmed cell death are now
described. Pyroptosis (88) and autophagic cell death (89) are considered to be the
two other major forms of programmed cell death. In addition, NETosis (90),
necroptosis (91), mitotic catastrophe (92), and lysosomal membrane
permeabilization (93) are described as other forms of cell death. These latter forms
of cell death will not be discussed here.

Morphologically, apoptosis is associated with cell shrinkage, membrane blebbing,
and chromatin condensation. It is a cell-intrinsic programmed suicide mechanism
that results in the controlled breakdown of the cell into apoptotic bodies(89).

Two main evolutionarily conserved protein families are involved in apoptosis,
namely the Bcl-2 family of proteins, which control mitochondrial integrity (94) and
the cysteinyl aspartate-specific proteases or caspases, which mediate the execution

phase of apoptosis (95).

Necrotic cell death is characterized by DNA and nuclear fragmentation, loss of cell
volume, formation of cytoplasmic and membrane blebs, packaging of cellular
contents and phosphatidylserine externalization. Apoptotic cells are rapidly
removed by neighbouring phagocytes without causing inflammatory response (96).
Necrosis has been considered an accidental and uncontrolled form of cell death
lacking underlying signalling events, but it has become evident that in certain
conditions, necrosis is the result of a strictly regulated interplay of signalling
events, which are initiated by a diverse range of stimuli, including PRRs (97).
Necrotic cells increase their volume and permeability, maintain the uncondensed

DNA content, and lose their cellular contents including uric acid, adenine
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triphosphate, purine metabolites, high-mobility group box 1 protein (HMGB-1),

heat shock proteins among others, which activate immune cells (96).

Autophagy is another programmed process that might culminate in cell death. It is
considered a protective process induced under stress conditions by which cells
engulf large portions of their own cytoplasm or damaged organelles. This pathway
is essential for maintaining cell viability under starvation and stress conditions,
through nutrient recycling and toxic metabolite degradation. However, too

excessive autophagy culminates in a silent cell death (98).

Pyroptosis is a programmed cell death that uniquely depends on the inflammatory
caspase-1 activity. As a member of the inflammatory caspases, it is not involved in
apoptotic cell death (88), and the apoptotic caspases usually do not contribute to
pyroptosis (99). Active caspase-1 is believed to be a central executor of pyroptotic
cell death and acts mainly by inducing the formation of discretely sized ion-
permeable pores in the plasma membrane (100). The resulting osmotic pressure
leads to water influx, cell swelling and ultimately cell lysis. The inflammatory
response following cleavage of the proinflammatory cytokines pro-IL-1p and pro-
IL-18 into their active forms is not required for the execution of cell death (101).
Although caspase-1 activation is associated with an inflammatory response, it is
still unclear whether it is directly linked to pyroptotic cell death (89). Cells dying
by pyroptosis have biochemical and morphological features of both apoptotic and
necrotic cells (88), with loss of mitochondrial membrane potential and plasma
membrane integrity, release of cytoplasmic contents into the extracellular milieu as
observed in necrosis. On the other hand, pyroptotic cells undergo DNA
fragmentation and nuclear condensation, however without the oligonucleosomal

fragmentation pattern characteristic of apoptosis (102).
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1.6 Caspases in inflammation and cell death

Caspases are proteases produced in cells as catalytically inactive zymogens and
usually undergo proteolytic processing during activation (103). In addition to their
central role in programmed cell death, caspases are involved in many other vital
process, including differentiation, enucleation, pruning of axons and dendrites,
sperm differentiation, immunity, compensatory proliferation, and even learning and
memory (104).

Caspases play central roles in initiating apoptosis and pyroptosis but are not

involved in other programmed cell death pathways (87).

Caspases are traditionally classified as “apoptotic” and “pro-inflammatory” (Figure
0).

The subsets of caspases that cleave substrates during apoptosis are known as
effector caspases (caspase-3, -6, and -7). These are activated by the initiator
caspases such as caspase-2, -8, -9 and -10 Initiators are further divided into
caspases participating in the extrinsic (caspase-8 and -10) or intrinsic (caspase-9)

apoptotic pathway (105).
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Figure 6. Caspase structure.

Three major classes of caspases are presented. Class I: apoptosis effector caspases,
class II: apoptosis initiator caspases, class III: inflammatory caspases: The CARD,
the DED, and the large (p20) and small (p10) catalytic subunits are indicated. The
p20 subunits of the caspases discussed in this thesis are coloured

Activation of the different initiator caspases depends on the engagement and
activation of platforms that integrate cellular signals, recruit initiator caspases via

their death-fold domain, and promote dimerization of the caspases. These events
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together lead to the formation of an active enzyme proficient enough to initiate
specific signalling cascades (105). Examples of these platforms are death-inducing
signalling complex (DISC) for caspase-8 and -10, the PIDDosome for caspase-2,
and the apoptosome for caspase-9 (95).

Executioner caspases are activated by cleavage of the catalytic domain. In contrast
to the apoptotic caspases, initiator and effector functions have not been defined for
the inflammatory caspases. This understanding is now challenged by new
discoveries in keratinocytes (106). In addition to the already mentioned caspase-1,
caspase-4 and caspase-5 are also reckoned as inflammatory caspases, though their
functions are less well defined (87). Studies on the mouse caspase-11, the
orthologue to human caspase-4 suggests that caspase-11 rather than caspase-1 may
be the critical effector of deleterious inflammatory responses (107). In a recent
publication on keratinocytes, it is shown that caspase-4 is required for activation of
inflammasomes, and that the active site of caspase-4 is required for activation of

caspase-1, the latter most likely represents a substrate of caspase-4 (106).

A large number of proteins have been reported to be in vivo caspase substrates
(108, 109), and the list of annotated caspase substrates continues to increase. Still,
most candidates lack functional evidence linking cleavage to a role in apoptosis.
Only by removing irrelevant “bystander” substrates from the list of caspase
substrates, it will be possible to gain a more realistic understanding of how

caspases drive apoptotic cell death.

Another factor is that caspase substrate specificity overlaps. Commonly used
caspase substrates and inhibitors lack the specificity required to monitor individual
caspase activity (110). For instance, fluoromethylketone inhibitors exhibit no
specificity towards different caspases even at low concentrations (111). In contrast,

aldehyde inhibitor caspases shows a considerably higher specificity (110).
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2.  Aim of the study

Innate immunity in keratinocytes is not only involved in the direct fight against
pathogens but turns out to be crucial for many inflammatory processes centrally
involved in dermatological diseases. We wanted to achieve a better understanding
of how the keratinocyte functions as an important initiator of skin inflammation as

a non-professional cell.
Specifically, we sought to:

o Determine the repertoire and sensitivity to Toll-like receptors in

keratinocytes

o Investigate how Toll-like receptor signalling in keratinocytes
contributes to inflammation through characterization of inflammatory

responses
o Investigate toxic and inflammatory responses of Toll-like receptor
ligands on keratinocytes, and to see if these responses can be limited

by intervention

o Describe new mechanisms of TLR mediated inflammation and cell

death in keratinocytes
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3. Summary of papers

Paper I

YCellular sources and inducers of cytokines present in acute wound fluid”

In this paper we quantified the levels of cytokines and growth factors in acute
wound fluid, using a BioPlex cytokine 27-plex panel for: TNF-a, IFN-y, IL-1p, IL-
IRA, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-12p70, IL-13, IL-15, IL-17,
MCP-1, IP-10, RANTES, MIP-1a, MIP-1B, G-CSF, GM-CSF, Eotaxin, FGF,
VEGF and PDGF.

To obtain an overview of the initial inflammatory response in the acute wound
healing process, we collected wound fluid from surgical drains the first
postoperative day after reduction mammoplasty. As little is published about the
cellular sources of different cytokines and growth factors in acute wounds and the
stimuli inducing them, we stimulated different cell types present in the acute
wound bed to gather more information about this. The cell types we stimulated
were keratinocytes, monocytes, fibroblasts, endothelial cells, granulocytes and
monocytes. We stimulated the cells with the pro-inflammatory cytokines TNF, IL-
1B and IL-6 in addition to the anti-inflammatory IL-10. Also, we wanted to
characterize the responses induced by the TLR-ligands pam3Cys (TLR2/TLR1),
polyl:C (TLR3) and LPS (TLR4). Supernatants from the stimulated cells were also
subjected to 27-plex BioPlex analyses.

In wound fluid, we found highest levels of IL-6 and CXCL-8. The levels of the
potent pro-inflammatory cytokine IL-1 were surprisingly low in wound fluid,
while its negative regulator IL-1RA was present at much higher levels. IL-1p was
the most potent inducer of signal molecule production in the cell types we
stimulated. We therefore underscore the importance of strong regulation of IL-1p-
signalling in our discussion.

Furthermore, we found that all cytokines detected in wound fluid could also be

determined in supernatant from at least one of the cell types we stimulated.
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Each cell type showed characteristic patterns for sensitivity of ligands and
production of signal molecules after stimulation. Keratinocytes in particular
showed surprising sensitivity to the TLR3 ligand polyl:C, eliciting production of

almost all cytokines we examined for.

Paper 11

“Oligodeoxynucleotides inhibit TLR3 mediated cytotoxicity and CXCLS release

in keratinocytes”

After the discovery of polyl:C as a strong inducer of cytokine production in Paper
I, we wanted to investigate more closely the effects of polyl:C in keratinocytes.
Polyl:C induced a TLR3-dependent release of the chemokine CXCL-8 that was
preceded by secretion of cellular break-down products associated with cell
necrosis. Morphological studies on the polyl:C mediated cytotoxicity showed
mixed features of apoptosis and necrosis, making it difficult to classify what kind
cell death polyl:C actually induces in keratinocytes. However, we speculate if IL-
1B dependent pyroptosis can be the right answer. This is a matter we follow in
Paper I11.

Also, we show competitive uptake between oligodeoxynucleotides and polyI:C.
Co-stimulation with these two nucleic acid structures inhibit both TLR3 dependent

polyI:C induced cytokine production and cytotoxicity.
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Paper 111

“Toll-like receptor-3 stimulation induces caspase-4 dependent inflammatory cell

death in keratinocytes”

The intriguing findings in Paper II of polyl:C induced inflammation and cell death,
which we proposed to be a pyroptosis, called for further investigations. We
addressed the involvement of inflammatory caspases in inflammation and cell
death, through induction and processing of pro-IL-1f and activation of apoptotic
caspases, respectively. Stimulation with the ligand polyl:C induced a TLR3
dependent transcription and of pro-IL-1, but also a dose-dependent cytotoxicity.
Further processing of IL-1p into its cleaved bioactive form dependent on NLRP3
or ASC was found to be minimal. IL-1 release could be inhibited using caspase-1-
or caspase-4- inhibitors, the latter being a more potent inhibitor. Inhibiting caspase-
4 also abolished polyl:C induced cell toxicity, whereas caspase-1 did not. We
suggest that caspase-4 acts upstream of caspase-1 and the inflammasome for
processing of IL-1p, but independently of caspase-1 in cell death induction. We
also showed that polyl:C stimulation induced a TLR3 dependent activation of
caspases-8, -9 and -3. All together, we demonstrated in this paper that TLR3
stimulation of keratinocytes induced an inflammatory cell death that also involves
activation of both inflammatory and apoptotic caspases. This type of cell death is
difficult to classify as pyroptotic, as that mode of programmed cell death is not

supposed to involve apoptotic caspases.
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4. Discussion

4.1 Inflammation in the skin

Inflammatory skin diseases cause considerable morbidity in patients, such as in the
chronic and relapsing inflammatory skin disorders like psoriasis and atopic
dermatitis. Inflammation is a protective means by the organism to restore a
homeostatic state after disturbance by a harmful or unwanted stimulus. The term
inflammation is consequently used for a broad range of conditions depending on
the eliciting stimuli. Infections activate the innate immune system rapidly and
induce an inflammatory response, initiating a defence against the invading
pathogen. Tissue damage from laceration, contusion or sunburn also results in local
and acute inflammation, thereby allowing an efficient tissue repair response. But as
exemplified by the chronic, relapsing skin disorders, inflammation can also be
undesirable. Such is the case when the immune system reacts to self, or when the
inflammation enters chronic and destructive states. During the last decade, the
innate immune system has been shown to play a central role in several

inflammatory skin diseases and healing processes.

4.2 Keratinocytes as innate immune cells in skin

inflammatory disease

Immunologists have tended to focus on leukocytes as the central cell of the
immune response, but in skin the keratinocyte is an essential and underappreciated
part of the immunological function (73). An important and difficult task for the
epidermal cells is to ensure proper immunosurveillance and efficient defence
against pathogens, and also avoid excessive immune responses, which might result

in auto-immunity and chronic inflammation (74).
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Keratinocytes are central skin sentinels that recognize foreign and dangerous
agents, i.e. (PAMPs) of microbial origin and damage-associated molecular patterns
(DAMPs), such as irritants and toxins, through Toll-like receptors (TLRs) and the
inflammasome machinery. In Paper I and Paper II we demonstrate a particular
sensitivity of keratinocytes to the viral dsRNA-mimic, polyl:C. TLR3, RIG-I,
MDAS, and possibly IFN-inducible double-stranded RNA-activated protein kinase,
can recognize dsRNA (112). TLR3 is located in endosomes and, in some types of
cells, also on the cell surface, whereas the other three dsSRNA sensors, RIG-I,
MDAS and protein kinase, are located in the cytosol (113). In Paper II and Paper
11, we found that polyl:C induced inflammation and toxicity were TLR3-
dependent, indicating that the cytosolic sensing in keratinocytes does not play a

vital role when stimulating with extracellular dsSRNA.

Keratinocytes produce an innate immune response to TLR-stimulation. In addition
to induction of anti microbial peptide-production, keratinocytes secrete numerous
cytokines, including IL-1, IL-6, IL-10, IL-18 and TNF (114). In Paper I, we
showed that the cytokines IL-2, IL-9, IL-13 are also components in the
armamentarium of the keratinocyte after TLR-stimulation. Of particular interest
with regard to the skin in health and disease is the production of IL-1p by
keratinocytes, as we focused on in Paper I and III, and this matter will be dealt

with later.

Keratinocytes are also important sources of chemokines and express chemokine
receptors, and can modulate an immune response by attracting different cell types
into the skin. By expressing CC-chemokine ligand 20 (CCL20), CXC-chemokine
ligand 9 (CXCL9), CXCL10 and CXCL11 activated keratinocytes selectively
attract effector T cells to the skin during diseases that are characterized by T cell
infiltration, such as psoriasis (114). In Paper I, we also demonstrated that TLR3
stimulation induces the CC-chemokine MIP-1f (also known as CCL4), a
chemokine that in a recent paper appear to be pivotal for the skin recruitment of

proinflammatory cells and clinical severity in psoriasis (115).
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4.3 Receptor-mediated uptake of polyl:C and
induction of TLR3-dependent responses in

keratinocytes

In Paper II, we showed that uptake of polyl:C was inhibited by concomitant
addition of oligodeoxynucleotides (ODNSs) to the medium. A number of studies
agree that oligonucleotides enter cells by receptor-mediated endocytosis because:
uptake of oligonucleotides is a saturable process (116, 117), and oligonucleotides
have been found in intracellular vesicles (117). Polyl:C has in one paper been
demonstrated to enter the cell through a clathrin dependent endocytic pathway
(118), whereas others suggest a noncaveolar/ clathrin-independent pathways for
cellular uptake of oligonucleotides (119). However, the receptors that are
responsible for cellular entry of oligonucleotides have not been identified, but

many candidates exist.

In an attempt to find specific receptors responsible for uptake of polyl:C or ODNs,
we interfered with several receptors through either inhibition with different
scavenger receptor antibodies (blocking antibodies for Scavenger receptor class A)
or silencing using small interfering RNA siRNA for different scavenger receptor
sequences (Macrophage scavenger receptor 1, Scavenger receptor class A member
3, Scavenger receptor class B member 1 and 2, and Receptor for Advanced
Glycation Endproducts). Unfortunately, we did not succeed in inhibiting polyl:C or
ODNSs in any of our experiments (data not shown). Our result thus support the
current view that uptake of free nucleic acids occurs through different mechanisms.
After endocytic entry, polyl:C will encounter TLR3, which is normally located in
acidic endosomes. The luminal ectodomain encounters dsSRNA and promote the
formation of a dimer of the two lateral surfaces of the receptor. Then, the two C-
termini are brought in close proximity for signal transduction. This again promotes
recruitment of the adapter molecule TRIF to the cytoplasmic domain of TLR3,

initiating signalling pathways that activate downstream transcription factors (120).
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The length of dSRNA fragments needed to induce a TLR3 mediated immune
response is debated, though. There seems to be considerable variation among
different cell types, but the dsSRNA length required for signal transduction is in
general suggested to be at least 40 to 50 base pairs (121). However, others have
shown that the dsRNA length threshold varies considerably among cell types, and
that synthetic small interfering dSRNA duplexes as short as 23 base pairs can
induce a potent IFN response through TLR3 (122). Off-target effects in siRNA

experiments may therefore be a problem in one cell type and not in another (122).

An interesting question is why keratinocytes are so sensitive to TLR3-ligands.
Infection in the skin with any of the eight members of dSRNA familiy viruses (123)
is a rather infrequent problem. Other sources of viral dsSRNA can be derived from
the replication of other RNA and DNA viruses which produce dsRNA as a by-
product of replication (124). TLR3 is mostly thought of as an intracellular receptor,
resident on the membranes of endosomal vesicles. However, weak cell surface
TLR3- expression has been demonstrated in keratinocytes (125). Viral infection of
epithelial cells appears to induce localisation of TLR3 to the cell surface where it
serves to sensitize or “prime” the cells to better recognise and respond to
subsequent viral challenge (126).

However, multiple evidences indicate that the receptor must serve other purposes

than merely recognizing limited types of viruses.

Proofs of TLR3 as an endogenous sensor of cell damage appeared with the
discovery of RNA sensing from necrotic cells and tissue, whereas RNA from
apoptotic cells did not mediate TLR3 signalling (127, 128). Lai et al found that
RNA from necrotic cells triggers TLR3 in undamaged cells, leading to a local
release of proinflammatory cytokines (129). Cell necrosis is a common feature at
the wound edge. In wild type mice, the mRNA level and protein expression of
TLR3 is significantly upregulated in wounded skin (130). TLR3-deficient mice
produce significantly less IL-6 and TNF at wound edges compared to wild-type
controls, concluding that TLR3 activation is required for normal inflammation after

injury (129).
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TLR3 can be activated though the presence of secondary structures, such as
hairpins, which have dsRNA regions in endogenous host single-stranded mRNA
(127). Nucleoside modifications, such as methylation, can further regulate the
immunogenicity of the RNA. There is reduced signalling of common mammalian
modifications of RNA through TLR3 compared to minimally modified viral
nucleic acids (131). It is also interesting how a well-orchestrated degradation of
cellular RNA occurs in apoptotic cells, but not in necrotic cells (131). This
suggests that sudden damage to self during necrosis can lead to release of RNA
with limited modification. This may induce a TLR3 response, whereas an apoptotic
cell death elicits little inflammation through TLR3 due to a more planned RNA

degradation.

4.4 Skin diseases with suggested TLR3 involvement

Atopic dermatitis is the most common chronic inflammatory skin disease of early
childhood. It is characterized by dry skin, a cutaneous barrier defect, enhanced
allergen priming, susceptibility to cutaneous bacterial colonization and infection
(especially Staphylococcus aureus infection), and cutaneous inflammation driven
by type 2 helper T (Th2) cells (132).

TLR3 mediated signalling has been suggested to play a role in maintaining an
inflammatory environment in the skin through driving the thymic stromal
lymphopoietin (TSLP) production in keratinocytes. TSLP is highly expressed by
keratinocytes in the lesions of atopic dermatitis patients and in allergic diseases
also involving the skin (133). The barrier defect in atopic dermatitis may lead to
subsequent tissue damage with release of endogenous RNA as initiator of TLR3
sensing (113). The TLR3-NF-«B axis triggers production of TSLP (134), which
can actively drive a Th2 cytokine response, potentially through effects on DCs,
granulocytes, natural killer cells and CD4+ T cells, inhibiting the Thl responses
that normally are induced by TLR-stimulation (135). Deficiency or aberrant

expression of the filaggrin protein, essential for the regulation of epidermal
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homeostasis is strongly associated with atopic dermatitis (136). In an in vitro
model, TLSP release is highly increased in filaggrin knockdown after TLR3
stimulation. This suggests that reduced filaggrin levels may influence innate
immune responses via TLR stimuli and may contribute to the pathogenesis of

inflammatory skin disease via TSLP expression (137)

Injury to the skin such as surgery, cuts, abrasions, and burns have been
documented as initiation sites for progressive depigmentation. Intercellular cell
adhesion molecules (ICAM-1) are involved in cell—cell interactions of leukocytes
and target cells, and thus play an important part in the initiation of immunologic
and inflammatory reactions (138). As ICAM-1 expression has been observed in
melanocytes around active vitiligo patches, it has been hypothesized that the
excessive expression of ICAM-1 in melanocytes makes these cells a target for
infiltrating T lymphocytes (139, 140). A novel publication points at RNA released
from necrotic keratinocytes as an endogenous TLR3 ligand for the stimulation of
ICAM-1 and other proinflammatory gene expression in human melanocytes (141).
TLR3 might thus be involved in the pathogenesis of local depigmentation

following skin physical trauma.

In patients with systemic sclerosis, or scleroderma, resident and infiltrating cells in
the dermis secrete soluble mediators, such as TGF-p, that activate fibroblasts.
Production of large amounts inflammatory cytokines and chemokines initiate skin
fibrosis and chronic inflammation. Patients with scleroderma have identified
dysregulation of type I interferon (IFN) pathways. Type I IFN has no apparent role
in regulating TGF-f activity in the skin, but has been shown to increase TLR3
expression on human dermal fibroblasts, resulting in enhanced TLR3-induced IL-
6- and TGF-p production (142, 143). Induction of TLR3 expression and signalling

may thus increase the inflammatory potential of dermal fibroblasts.

Altogether, TLR3 activation is probably a mechanism of detecting injury and

maintaining homeostasis.
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4.5 Interleukin-1 and inflammasomes in keratinocytes

and skin associated diseases

We have had a focus on interleukin (IL)-1 in paper I and III. As a highly active
and pleiotropic pro-inflammatory cytokine, IL-1 plays an important role in an
efficient tissue repair response against trauma or infection (144, 145). Biological
responses of IL-1 are mediated by the IL-1 receptor type I (IL-1RI), which is
ubiquitously expressed. The prominent role of IL-1 signalling for inflammation is
demonstrated through IL-1RI and TLRs sharing the same cytoplasmic signalling
domain, the Toll/interleukin-1 receptor (TIR) domain (144). Agonists of IL-1RI are
IL-1a and -B, which are both initially expressed with an amino-terminal
propeptide. Pro-IL-1B does not bind or activate IL-1RI, whereas pro-IL-1a has the

same biological activity as mature IL-1a (144).

Expression of IL-1 is regulated at the transcriptional level by nuclear factor kB
(NF-xB). Pro-IL-1a and -P lack a signal peptide for protein secretion and thus
leave the cell through one or several poorly understood mechanisms, called
unconventional protein secretion (146). This protein secretion is independent of the
classical endoplasmic reticulum (ER)/Golgi pathway. Caspase-1 activity is
required for the activation of pro IL-1p in cytosol, but also for the unconventional
secretion of pro IL-1a and of many other proteins involved in inflammation, repair
and cytoprotection (147). Activity of IL-1 is also regulated by the secreted IL-1
receptor antagonist (IL-1Ra), which prevents binding of IL-1a and -  to IL-1RI
through blockade of the receptor.

Keratinocytes are known as major producers of IL-1a, and mechanisms of
induction as well as biologic effects of IL-1a are well described (144, 148-150).
Activation and secretion of IL-1f is more complex, but keratinocytes express all
inflammasome proteins in vitro and most likely also in vivo (148, 151). Recent
papers have demonstrated involvement of inflammasome activation in
keratinocytes upon UVB-irradiation (106, 148, 152). The question whether

keratinocytes are able to activate caspase-1 was previously a matter of controversy
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(153), but in line with previous findings we establish keratinocytes as major
producers of IL-1P in the skin (148). However, we conclude in Paper III that
TLR3-stimulation does not induce a powerful activation of the NLRP3-
inflammasome, as very little of the induced pro-IL-1p is processed to cleaved IL-
1B. This suggests that TLR3 induced cell death with subsequent release of pro-IL-

1B plays a role in local inflammation through other mechanisms.

As shown in Paper I, TLR3-stimulation induces release of numerous cytokines,
with the primary task of recruiting leukocytes. Epidermal injury, independent of
infiltrating inflammatory cells, generates prominent chemotactic activity toward
neutrophils in injured skin because of CXCL-8 production (154). Neutrophils are
short-lived cells, dying within hours after emigration, and release of unprocessed
IL-1p from intracellular stores is expected. As a consequence, extracellularly
processing of IL-1p is reported for a variety of proteases of leucocyte origin.
Proteinase-3 from neutrophils provides an alternative mechanism for the cleavage
and release of IL-1p (155). Other proteases, such as elastase, matrix
metalloproteinase 9, chymases and granzyme A released by neutrophils and mast

cells in an acute wound bed process IL-1f extracellularly (144, 156, 157).

IL-1B activity is important in inflammatory and allergic skin diseases such as
psoriasis or contact dermatitis, demonstrating the importance of IL-1p in the skin
(158, 159). As non-professional immune cells, keratinocytes orchestrate infiltrating
T cells in inflammatory skin conditions through IL-1 production (148, 160). In
Paper I, we emphasize the role of IL-1p as a powerful inducer of many cytokines
and growth factors in acute wound healing. Levels of IL-1 have been shown to
correlate with the important chemokine CXCL-8 (145), a chemokine we focused
on in Paper I1. We also support the view of keratinocytes as potentially important
producers of IL-1B, as we have found considerable release of the cytokine after

polyl:C stimulation in both Paper I and III.
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IL-1B-mediated diseases are often called “auto-inflammatory” and the dominant
finding is the release of the active form of IL-1p driven by endogenous molecules
(161). Aberrant activity of the IL-1p and the inflammasomes is involved in the
pathogenesis of many diseases, including skin diseases (144). Inhibition of the
activity of IL-1p through IL-1Ra (anakinra), soluble receptors for IL-1 (rilonacept)
and human mAbs to IL-1f (canakinumab and Xoma 052) have been used as
successful treatment to neutralize IL-1p specifically in many auto-inflammatory

conditions, including the ones discussed below (161).

Cryopyrin-associated periodic syndrome is associated with mutations in the
NLRP3 gene. These mutations result in constitutive activation of the NLRP3
inflammasome and, therefore, in uncontrolled activity of IL-1. This demonstrates
the importance of NLRP3 and of IL-1f in humans. The clinical findings are
recurrent urticaria-like rashes, typical periodic fever episodes, bone/joint

manifestations, and CNS involvement (162).

Deficiency in IL-1Ra due to homozygous mutations in this gene causes life-
threatening auto-inflammation, affecting mainly the skin (severe pustulosis and
ichthyosiform lesions) and the bones, similar to symptoms of patients suffering

from cryopyrin-associated periodic syndrome (74).

The triad of sterile pyogenic arthritis, pyoderma gangrenosum and acne is known
by the acronym of PAPA syndrome. It is a rare autosomal dominant disease of
early onset, caused by mutations in the proline serine threonine phosphatase-
interacting protein 1 (163). The molecular mechanism behind PAPA syndrome is
still unknown, but the mutant protein is suspected to inhibit the anti-inflammatory

activity of pyrin, leading to elevated IL-10 levels (164, 165).

Cytophagic histiocytic panniculitis is characterized by daily high spiking fevers
and severe panniculitis. Patients may have a rapidly fatal disease course, a longer
disease course with intermittent remissions and exacerbations for many years prior

to death, or a nonfatal acute or intermittent course responsive to treatment. A
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number of genetic mutations central to cytotoxic T cell and NK cell function can
lead to this syndrome characterized by massive secretion of cytokines, including

IL-1B, produced by activated macrophages (166).

IL-1B plays a role in the carciogenesis, tumour angiogenesis, development and
invasiveness in experimental tumour models (167-170). Melanoma cells produce
numerous cytokines associated with invasiveness and aggressiveness (171). These
include IL-6, CXCL1-3, CXCL-8, CCL5 (RANTES) and monocyte chemotactic
protein-1 (MCP-1, also known as CCL2). All of these cytokines can be regulated
by the active (secreted) form of IL-1p (172), suggesting that IL-1p plays a critical
role in melanoma pathogenesis (173). Therefore, as preclinical evidence provides
ample support for reducing IL-1 activity in treating human metastatic disease,
treatment with agents blocking the IL-1p effects may have a place in treating

metastatic malignant melanoma.

4.6 TLR3-mediated cell death and caspase activation

in keratinocytes

The traditional dichotomous classification of caspases as “apoptotic” and “pro-
inflammatory” is still prevailing. Nevertheless, most apoptotic candidates (caspase-
2,-3,-6,-7,-8, -9, and -10) have at least one non-apoptotic role attributed to them
(174). Similarly, typical “non-apoptotic” members such as caspase-1, -4, and -5
have been proposed to induce pyroptosis (175, 176). The only truly remaining non-
apoptotic human candidate may therefore be caspase-14, a mediator in keratinocyte

differentiation (177).

In Paper IIT we demonstrate that polyl:C induces both pro-caspase-1 and pro-IL-
1B mRNA. Caspase-1 is required for the activation of pro-IL-1p. The requirement
of caspase-4 in inflammation has until recently been poorly characterized (23,
178). Our findings are in line with a parallel finding, showing that caspase-4 is

required for activation of caspase-1, the latter most likely representing a substrate
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of caspase-4 (106). We further demonstrated that polyl:C activated caspase-4, and
that this induced both the extrinsic and intrinsic apoptotic pathways through
caspase-8 and caspase-9 activation, respectively. In caspase-inhibitor experiments,
we observed that polyl:C induced cytotoxicity was abolished when caspase-4 was
inhibited. We therefore conclude that caspase-4 plays an important role in both

inflammation and cell death in keratinocytes.

Human caspase-4 and -5 are poorly characterized (178, 179). Both caspases have
been suggested as functional orthologues of the murine caspase-11 (26, 180, 181),
but caspase-4 has also been suggested as the murine caspase-12 homolog (182,
183). Recently, caspase-11 has been shown to trigger caspase-1-independent
macrophage death and caspase-1-dependent IL-1f production in response to a
subset of inflammasome activators in mice (107). This suggests that caspase-11
rather than caspase-1 may be the critical effector of deleterious inflammatory

responses in mice (107).

Through which TLR3-dependent mechanisms polyl:C induces caspase-4 activation
remains to be unravelled. There is staggering evidence to suggest that caspase-4
mediated cell death is connected with death ER-stress. First, caspase-4 is localized
to the ER (182). Second, caspase-4 closely associates with several essential
proteins in ER stress-induced cell death pathways, such as glucose-regulated
protein 78 and inositol-requiring enzyme 1 (184), APAF1, a protein involved in
death protease mediated cell death (185), TRAF6, a member of the TNF receptor-
associated factor (186) and CARD-only protein, a regulator of procaspase-1 (187).
Third, different strategies for knocking down caspase-4 expression in with siRNA,
introduction of caspase-4 antisense nucleotides, expression of inactive caspase-4
and micro-injections of caspase-4 antibodies have all abolished ER stress-induced
cell death in different cell types (188-192). Fourth, caspase-4-inhibitors have
effectively blocked ER-induced cell death melanoma cells (193), lung and
esophageal cells (194), retinal pigment epithelial cells (195) and neuroblastoma
cells (196). Fifth, overexpression of caspase-4 in COS-7 cells induces activation of

caspase-3 and -9 (197).
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Factors that perturb ER function and contribute to the development of ER stress
include increases in protein synthesis or protein misfolding rates that exceed the
capacity of protein chaperones, alterations in calcium stores in the ER lumen,
oxidative stress and disturbances to the redox balance in the ER lumen (198). In
Paper I, we observed that polyl:C was a powerful inductor of almost all
chemokines, cytokines and growth factors we measured for in a high throughput
protein based luminex assay. Also in Paper III, we observed in precipitate from
supernatant and in lysate for Western blotting that polyl:C stimulated cells released
considerably higher amounts of protein than un-stimulated cells. Therefore, we
suggest that TLR3-mediated increase in protein synthesis is a candidate mechanism

for induction of ER stress.

Secreted and membrane proteins fold and mature in the lumen of the ER before
they are delivered to other compartments in the endomembrane system, displayed
on the cell surface, or released extracellularly. A collection of signalling pathways
are collectively termed the unfolded protein response (UPR). This mechanism
monitors conditions in the ER through sensing an insufficiency in the ER’s protein-
folding capacity. If the status of the ER lumen is hampered, this is communicated
back to gene expression programs in the nucleus. This transcriptional control is
accompanied by mechanisms that transiently decrease the flux of proteins entering
the ER (147, 199). In conditions of prolonged stress, the goal of the UPR changes
from being one that promotes cellular survival to one that commits the cell to a
pathway of apoptosis. Juxtaposition of ER and mitochondria promotes inter-
organelle crosstalk and mediates cell death. The apoptotic crosstalk between the
two organelles is tightly controlled by the anti-apoptotic mitochondrial Bcl-2
protein family. Initiation of signalling pathways converge on Bcl-2, favouring a
pro-apoptotic drive at the mitochondria by proteins that cause mitochondrial
damage, cytochrome c release and eventual caspase 3 activation (200).
Interestingly, both caspase 8-mediated extrinsic pathway and caspase
9/mitochondria-mediated intrinsic pathway has being demonstrated in TLR3

mediated cell death (201, 202).
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Human caspase-4 activation has recently been shown to be the initiating event in
the caspase-dependent apoptotic pathway (203, 204). Overexpression of caspase-4
induces cleavage of caspase-9 and caspase-3 without releasing cytochrome-c from
the mitochondria (197, 204). Cleavage of caspase-4 is not affected by the
overexpression of Bcl-2, which prevents signal transduction on the mitochondria.
In addition, the overexpression of caspase-4 does not induce efflux of cytochrome-
¢ from mitochondria to cytosol (197). Caspase-4 can thus activate downstream
caspases independently of mitochondrial apoptotic signalling, but downstream
events from caspase-4 are not fully understood. Based on what we know about
caspase-4 dependent cell death, we propose a model for how this may come about

in Figure 6.
We therefore suggest that the traditional classification of caspases probably needs

revisal based on our and others recent discoveries regarding functions of

particularly caspase-4 (107, 195, 203, 204).
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TLR3 induced protein overload
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Figure 6. Possible mechanism for TLR3 induced caspase-4 dependent cell
death.
TLR3 stimulation leads to transcription of several proinflammatory genes. Proteins

are translocated into the ER lumen in an unfolded state and require protein
chaperones and catalysts of protein folding to attain their final appropriate
conformation. Processes that prevent accumulation of unfolded proteins in the ER

lumen are triggered, as the capacity of the ER as a regulator for protein folding and
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secretion is exceeded. Unable to adapt sufficiently to alterations in client protein-
folding load in the ER lumen, changes in intralumenal calcium are induced.
Mitochondrial- dependent and independent pathways are engaged. Caspase- 4 is an
ER-associated proximal effector in the caspase activation cascade that activates
procaspase-9 to cleave procaspase-3, the primary executioner of cell death.
Caspase-4 also activates procaspase-8, which also in turn activates caspase-3.
Mitochondrial ROS can be generated as a result of ER stress-induced Ca™ release
and depolarization of the inner mitochondrial membrane. Thus, oxidative stress in

association of unresolved ER stress also contributes to pathways of cell death.
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5. Concluding remarks

The keratinocyte has an active role in local immune responses in the skin.
Providing the first-line innate responses, keratinocytes contribute to the adaptive
immune responses that can be associated with clinical disease. Keratinocytes can
also enhance and shape subsequent inflammation in response to stimuli and

promote specific types of immune bias.

In the present study, we have revealed new aspects of how inflammation is
regulated by innate immune receptors. In particular TLR3 expressed by
keratinocytes is a potent mediator of inflammation through release of
conventionally secreted cytokines and chemokines. In addition, coincidental TLR3
mediated cell death in keratinocytes contributes to considerable release of the pro-
form of the highly proinflammatory cytokine interleukin-1p. This can contribute to
further local inflammation through extracellular processing of inflammatory cells
attracted to a site of injury. TLR3-dependent toxicity and proinflammatory
responses were inhibited by concomitant stimulation with oligodeoxynucleotides.
In cases of unwanted inflammation, such as in UV-induced damage, treatment with

oligodeoxynucleotides is a possible therapeutic agent.
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155.Agnar Tegnander: DIAGNOSIS AND FOLLOW-UP OF CHILDREN WITH SUSPECTED OR
KNOWN HIP DYSPLASIA.

156.Bent Indredavik: STROKE UNIT TREATMENT: SHORT AND LONG-TERM EFFECTS

157 Jolanta Vanagaite Vingen: PHOTOPHOBIA AND PHONOPHOBIA IN PRIMARY
HEADACHES

2000

158.0la Dalsegg S@ther: PATHOPHYSIOLOGY DURING PROXIMAL AORTIC CROSS-
CLAMPING CLINICAL AND EXPERIMENTAL STUDIES

159.xxxxxxxxx (blind number)

160.Christina Vogt Isaksen: PRENATAL ULTRASOUND AND POSTMORTEM FINDINGS - A
TEN YEAR CORRELATIVE STUDY OF FETUSES AND INFANTS WITH
DEVELOPMENTAL ANOMALIES.

161.Holger Seidel: HIGH-DOSE METHOTREXATE THERAPY IN CHILDREN WITH ACUTE
LYMPHOCYTIC LEUKEMIA: DOSE, CONCENTRATION, AND EFFECT
CONSIDERATIONS.
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162.Stein Hallan: IMPLEMENTATION OF MODERN MEDICAL DECISION ANALYSIS INTO
CLINICAL DIAGNOSIS AND TREATMENT.

163.Malcolm Sue-Chu: INVASIVE AND NON-INVASIVE STUDIES IN CROSS-COUNTRY
SKIERS WITH ASTHMA-LIKE SYMPTOMS.

164.0le-Lars Brekke: EFFECTS OF ANTIOXIDANTS AND FATTY ACIDS ON TUMOR
NECROSIS FACTOR-INDUCED CYTOTOXICITY.

165.Jan Lundbom: AORTOCORONARY BYPASS SURGERY: CLINICAL ASPECTS, COST
CONSIDERATIONS AND WORKING ABILITY.

166.John-Anker Zwart: LUMBAR NERVE ROOT COMPRESSION, BIOCHEMICAL AND
NEUROPHYSIOLOGICAL ASPECTS.

167.Geir Falck: HYPEROSMOLALITY AND THE HEART.

168.Eirik Skogvoll: CARDIAC ARREST Incidence, Intervention and Outcome.

169.Dalius Bansevicius: SHOULDER-NECK REGION IN CERTAIN HEADACHES AND
CHRONIC PAIN SYNDROMES.

170.Bettina Kinge: REFRACTIVE ERRORS AND BIOMETRIC CHANGES AMONG
UNIVERSITY STUDENTS IN NORWAY.

171.Gunnar Qvigstad: CONSEQUENCES OF HYPERGASTRINEMIA IN MAN

172.Hanne Ellekjer: EPIDEMIOLOGICAL STUDIES OF STROKE IN A NORWEGIAN
POPULATION. INCIDENCE, RISK FACTORS AND PROGNOSIS

173.Hilde Grimstad: VIOLENCE AGAINST WOMEN AND PREGNANCY OUTCOME.

174.Astrid Hjelde: SURFACE TENSION AND COMPLEMENT ACTIVATION: Factors
influencing bubble formation and bubble effects after decompression.

175 Kjell A. Kvistad: MR IN BREAST CANCER - A CLINICAL STUDY.

176.Ivar Rossvoll: ELECTIVE ORTHOPAEDIC SURGERY IN A DEFINED POPULATION.
Studies on demand, waiting time for treatment and incapacity for work.

177.Carina Seidel: PROGNOSTIC VALUE AND BIOLOGICAL EFFECTS OF HEPATOCYTE
GROWTH FACTOR AND SYNDECAN-1 IN MULTIPLE MYELOMA.

2001

178.Alexander Wahba: THE INFLUENCE OF CARDIOPULMONARY BYPASS ON PLATELET
FUNCTION AND BLOOD COAGULATION — DETERMINANTS AND CLINICAL
CONSEQUENSES

179 .Marcus Schmitt-Egenolf: THE RELEVANCE OF THE MAJOR hISTOCOMPATIBILITY
COMPLEX FOR THE GENETICS OF PSORIASIS

180.0drun Arna Gederaas: BIOLOGICAL MECHANISMS INVOLVED IN 5-AMINOLEVULINIC
ACID BASED PHOTODYNAMIC THERAPY

181.Pal Richard Romundstad: CANCER INCIDENCE AMONG NORWEGIAN ALUMINIUM
WORKERS

182.Henrik Hjorth-Hansen: NOVEL CYTOKINES IN GROWTH CONTROL AND BONE
DISEASE OF MULTIPLE MYELOMA

183.Gunnar Morken: SEASONAL VARIATION OF HUMAN MOOD AND BEHAVIOUR

184 .Bjgrn Olav Haugen: MEASUREMENT OF CARDIAC OUTPUT AND STUDIES OF
VELOCITY PROFILES IN AORTIC AND MITRAL FLOW USING TWO- AND THREE-
DIMENSIONAL COLOUR FLOW IMAGING

185.Geir Brathen: THE CLASSIFICATION AND CLINICAL DIAGNOSIS OF ALCOHOL-
RELATED SEIZURES

186.Knut Ivar Aasargd: RENAL INVOLVEMENT IN INFLAMMATORY RHEUMATIC
DISEASE. A Study of Renal Disease in Wegener’s Granulomatosis and in Primary Sjogren’s
Syndrome

187.Trude Helen Flo: RESEPTORS INVOLVED IN CELL ACTIVATION BY DEFINED URONIC
ACID POLYMERS AND BACTERIAL COMPONENTS

188.Bodil Kavli: HUMAN URACIL-DNA GLYCOSYLASES FROM THE UNG GENE:
STRUCTRUAL BASIS FOR SUBSTRATE SPECIFICITY AND REPAIR

189.Liv Thommesen: MOLECULAR MECHANISMS INVOLVED IN TNF- AND GASTRIN-
MEDIATED GENE REGULATION

190.Turid Lingaas Holmen: SMOKING AND HEALTH IN ADOLESCENCE; THE NORD-
TRONDELAG HEALTH STUDY, 1995-97

191.0yvind Hjertner: MULTIPLE MYELOMA: INTERACTIONS BETWEEN MALIGNANT
PLASMA CELLS AND THE BONE MICROENVIRONMENT
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192.Asbjgrn Stgylen: STRAIN RATE IMAGING OF THE LEFT VENTRICLE BY
ULTRASOUND. FEASIBILITY, CLINICAL VALIDATION AND PHYSIOLOGICAL
ASPECTS

193 Kristian Midthjell: DIABETES IN ADULTS IN NORD-TR@NDELAG. PUBLIC HEALTH
ASPECTS OF DIABETES MELLITUS IN A LARGE, NON-SELECTED NORWEGIAN
POPULATION.

194.Guanglin Cui: FUNCTIONAL ASPECTS OF THE ECL CELL IN RODENTS

195.Ulrik Wislgff: CARDIAC EFFECTS OF AEROBIC ENDURANCE TRAINING:
HYPERTROPHY, CONTRACTILITY AND CALCUIM HANDLING IN NORMAL AND
FAILING HEART

196.0yvind Halaas: MECHANISMS OF IMMUNOMODULATION AND CELL-MEDIATED
CYTOTOXICITY INDUCED BY BACTERIAL PRODUCTS

197.Tore Amundsen: PERFUSION MR IMAGING IN THE DIAGNOSIS OF PULMONARY
EMBOLISM

198.Nanna Kurtze: THE SIGNIFICANCE OF ANXIETY AND DEPRESSION IN FATIQUE AND
PATTERNS OF PAIN AMONG INDIVIDUALS DIAGNOSED WITH FIBROMYALGIA:
RELATIONS WITH QUALITY OF LIFE, FUNCTIONAL DISABILITY, LIFESTYLE,
EMPLOYMENT STATUS, CO-MORBIDITY AND GENDER

199.Tom Ivar Lund Nilsen: PROSPECTIVE STUDIES OF CANCER RISK IN NORD-
TRONDELAG: THE HUNT STUDY. Associations with anthropometric, socioeconomic, and
lifestyle risk factors

200.Asta Kristine Haberg: A NEW APPROACH TO THE STUDY OF MIDDLE CEREBRAL
ARTERY OCCLUSION IN THE RAT USING MAGNETIC RESONANCE TECHNIQUES

2002

201.Knut Jgrgen Arntzen: PREGNANCY AND CYTOKINES

202.Henrik Dgllner: INFLAMMATORY MEDIATORS IN PERINATAL INFECTIONS

203.Asta Bye: LOW FAT, LOW LACTOSE DIET USED AS PROPHYLACTIC TREATMENT OF
ACUTE INTESTINAL REACTIONS DURING PELVIC RADIOTHERAPY. A
PROSPECTIVE RANDOMISED STUDY.

204.Sylvester Moyo: STUDIES ON STREPTOCOCCUS AGALACTIAE (GROUP B
STREPTOCOCCUS) SURFACE-ANCHORED MARKERS WITH EMPHASIS ON STRAINS
AND HUMAN SERA FROM ZIMBABWE.

205.Knut Hagen: HEAD-HUNT: THE EPIDEMIOLOGY OF HEADACHE IN NORD-
TRONDELAG

206.Li Lixin: ON THE REGULATION AND ROLE OF UNCOUPLING PROTEIN-2 IN INSULIN
PRODUCING B-CELLS

207.Anne Hildur Henriksen: SYMPTOMS OF ALLERGY AND ASTHMA VERSUS MARKERS
OF LOWER AIRWAY INFLAMMATION AMONG ADOLESCENTS

208.Egil Andreas Fors: NON-MALIGNANT PAIN IN RELATION TO PSYCHOLOGICAL AND
ENVIRONTENTAL FACTORS. EXPERIENTAL AND CLINICAL STUDES OF PAIN WITH
FOCUS ON FIBROMYALGIA

209.Pal Klepstad: MORPHINE FOR CANCER PAIN

210.Ingunn Bakke: MECHANISMS AND CONSEQUENCES OF PEROXISOME
PROLIFERATOR-INDUCED HYPERFUNCTION OF THE RAT GASTRIN PRODUCING
CELL

211.Ingrid Susann Gribbestad: MAGNETIC RESONANCE IMAGING AND SPECTROSCOPY OF
BREAST CANCER

212.Rgnnaug Astri @degard: PREECLAMPSIA — MATERNAL RISK FACTORS AND FETAL
GROWTH

213.Johan Haux: STUDIES ON CYTOTOXICITY INDUCED BY HUMAN NATURAL KILLER
CELLS AND DIGITOXIN

214.Turid Suzanne Berg-Nielsen: PARENTING PRACTICES AND MENTALLY DISORDERED
ADOLESCENTS

215.Astrid Rydning: BLOOD FLOW AS A PROTECTIVE FACTOR FOR THE STOMACH
MUCOSA. AN EXPERIMENTAL STUDY ON THE ROLE OF MAST CELLS AND
SENSORY AFFERENT NEURONS

2003

216.Jan Pal Loennechen: HEART FAILURE AFTER MYOCARDIAL INFARCTION. Regional
Differences, Myocyte Function, Gene Expression, and Response to Cariporide, Losartan, and
Exercise Training.
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217.Elisabeth Qvigstad: EFFECTS OF FATTY ACIDS AND OVER-STIMULATION ON
INSULIN SECRETION IN MAN

218.Arne Asberg: EPIDEMIOLOGICAL STUDIES IN HEREDITARY HEMOCHROMATOSIS:
PREVALENCE, MORBIDITY AND BENEFIT OF SCREENING.

219.Johan Fredrik Skomsvoll: REPRODUCTIVE OUTCOME IN WOMEN WITH RHEUMATIC
DISEASE. A population registry based study of the effects of inflammatory rheumatic disease
and connective tissue disease on reproductive outcome in Norwegian women in 1967-1995.

220.Siv Mgrkved: URINARY INCONTINENCE DURING PREGNANCY AND AFTER
DELIVERY: EFFECT OF PELVIC FLOOR MUSCLE TRAINING IN PREVENTION AND
TREATMENT

221.Marit S. Jordhgy: THE IMPACT OF COMPREHENSIVE PALLIATIVE CARE

222.Tom Christian Martinsen: HYPERGASTRINEMIA AND HYPOACIDITY IN RODENTS —
CAUSES AND CONSEQUENCES

223.Solveig Tingulstad: CENTRALIZATION OF PRIMARY SURGERY FOR OVARAIN
CANCER. FEASIBILITY AND IMPACT ON SURVIVAL

224 .Haytham Eloqayli: METABOLIC CHANGES IN THE BRAIN CAUSED BY EPILEPTIC
SEIZURES

225.Torunn Bruland: STUDIES OF EARLY RETROVIRUS-HOST INTERACTIONS - VIRAL
DETERMINANTS FOR PATHOGENESIS AND THE INFLUENCE OF SEX ON THE
SUSCEPTIBILITY TO FRIEND MURINE LEUKAEMIA VIRUS INFECTION

226.Torstein Hole: DOPPLER ECHOCARDIOGRAPHIC EVALUATION OF LEFT
VENTRICULAR FUNCTION IN PATIENTS WITH ACUTE MYOCARDIAL INFARCTION

227.Vibeke Nossum: THE EFFECT OF VASCULAR BUBBLES ON ENDOTHELIAL FUNCTION

228.Sigurd Fasting: ROUTINE BASED RECORDING OF ADVERSE EVENTS DURING
ANAESTHESIA — APPLICATION IN QUALITY IMPROVEMENT AND SAFETY

229.Solfrid Romundstad: EPIDEMIOLOGICAL STUDIES OF MICROALBUMINURIA. THE
NORD-TR@NDELAG HEALTH STUDY 1995-97 (HUNT 2)

230.Geir Torheim: PROCESSING OF DYNAMIC DATA SETS IN MAGNETIC RESONANCE
IMAGING

231.Catrine Ahlén: SKIN INFECTIONS IN OCCUPATIONAL SATURATION DIVERS IN THE
NORTH SEA AND THE IMPACT OF THE ENVIRONMENT

232.Arnulf Langhammer: RESPIRATORY SYMPTOMS, LUNG FUNCTION AND BONE
MINERAL DENSITY IN A COMPREHENSIVE POPULATION SURVEY. THE NORD-
TRONDELAG HEALTH STUDY 1995-97. THE BRONCHIAL OBSTRUCTION IN NORD-
TRONDELAG STUDY

233.Einar Kjelsds: EATING DISORDERS AND PHYSICAL ACTIVITY IN NON-CLINICAL
SAMPLES

234.Arne Wibe: RECTAL CANCER TREATMENT IN NORWAY — STANDARDISATION OF
SURGERY AND QUALITY ASSURANCE

2004

235.Eivind Witsg: BONE GRAFT AS AN ANTIBIOTIC CARRIER

236.Anne Mari Sund: DEVELOPMENT OF DEPRESSIVE SYMPTOMS IN EARLY
ADOLESCENCE

237.Hallvard Lerum: EVALUATION OF ELECTRONIC MEDICAL RECORDS - A CLINICAL
TASK PERSPECTIVE

238.Gustav Mikkelsen: ACCESSIBILITY OF INFORMATION IN ELECTRONIC PATIENT
RECORDS; AN EVALUATION OF THE ROLE OF DATA QUALITY

239.Steinar Krokstad: SOCIOECONOMIC INEQUALITIES IN HEALTH AND DISABILITY.
SOCIAL EPIDEMIOLOGY IN THE NORD-TRONDELAG HEALTH STUDY (HUNT),
NORWAY

240.Arne Kristian Myhre: NORMAL VARIATION IN ANOGENITAL ANATOMY AND
MICROBIOLOGY IN NON-ABUSED PRESCHOOL CHILDREN

241.Ingunn Dybedal: NEGATIVE REGULATORS OF HEMATOPOIETEC STEM AND
PROGENITOR CELLS

242 Beate Sitter: TISSUE CHARACTERIZATION BY HIGH RESOLUTION MAGIC ANGLE
SPINNING MR SPECTROSCOPY

243 .Per Arne Aas: MACROMOLECULAR MAINTENANCE IN HUMAN CELLS — REPAIR OF
URACIL IN DNA AND METHYLATIONS IN DNA AND RNA
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244.Anna Bofin: FINE NEEDLE ASPIRATION CYTOLOGY IN THE PRIMARY
INVESTIGATION OF BREAST TUMOURS AND IN THE DETERMINATION OF
TREATMENT STRATEGIES

245 Jim Aage Nottestad: DEINSTITUTIONALIZATION AND MENTAL HEALTH CHANGES
AMONG PEOPLE WITH MENTAL RETARDATION

246.Reidar Fossmark: GASTRIC CANCER IN JAPANESE COTTON RATS

247 Wibeke Nordhgy: MANGANESE AND THE HEART, INTRACELLULAR MR
RELAXATION AND WATER EXCHANGE ACROSS THE CARDIAC CELL MEMBRANE

2005

248 .Sturla Molden: QUANTITATIVE ANALYSES OF SINGLE UNITS RECORDED FROM THE
HIPPOCAMPUS AND ENTORHINAL CORTEX OF BEHAVING RATS

249 Wenche Brenne Drgyvold: EPIDEMIOLOGICAL STUDIES ON WEIGHT CHANGE AND
HEALTH IN A LARGE POPULATION. THE NORD-TR@NDELAG HEALTH STUDY
(HUNT)

250.Ragnhild Stgen: ENDOTHELIUM-DEPENDENT VASODILATION IN THE FEMORAL
ARTERY OF DEVELOPING PIGLETS

251.Aslak Steinsbekk: HOMEOPATHY IN THE PREVENTION OF UPPER RESPIRATORY
TRACT INFECTIONS IN CHILDREN

252 Hill-Aina Steffenach: MEMORY IN HIPPOCAMPAL AND CORTICO-HIPPOCAMPAL
CIRCUITS

253.Eystein Stordal: ASPECTS OF THE EPIDEMIOLOGY OF DEPRESSIONS BASED ON
SELF-RATING IN A LARGE GENERAL HEALTH STUDY (THE HUNT-2 STUDY)

254.Viggo Pettersen: FROM MUSCLES TO SINGING: THE ACTIVITY OF ACCESSORY
BREATHING MUSCLES AND THORAX MOVEMENT IN CLASSICAL SINGING

255 Marianne Fyhn: SPATIAL MAPS IN THE HIPPOCAMPUS AND ENTORHINAL CORTEX

256.Robert Valderhaug: OBSESSIVE-COMPULSIVE DISORDER AMONG CHILDREN AND
ADOLESCENTS: CHARACTERISTICS AND PSYCHOLOGICAL MANAGEMENT OF
PATIENTS IN OUTPATIENT PSYCHIATRIC CLINICS

257 Erik Skaaheim Haug: INFRARENAL ABDOMINAL AORTIC ANEURYSMS —
COMORBIDITY AND RESULTS FOLLOWING OPEN SURGERY

258.Daniel Kondziella: GLIAL-NEURONAL INTERACTIONS IN EXPERIMENTAL BRAIN
DISORDERS

259.Vegard Heimly Brun: ROUTES TO SPATIAL MEMORY IN HIPPOCAMPAL PLACE
CELLS

260.Kenneth McMillan: PHYSIOLOGICAL ASSESSMENT AND TRAINING OF ENDURANCE
AND STRENGTH IN PROFESSIONAL YOUTH SOCCER PLAYERS

261.Marit Szbg Indredavik: MENTAL HEALTH AND CEREBRAL MAGNETIC RESONANCE
IMAGING IN ADOLESCENTS WITH LOW BIRTH WEIGHT

262.0le Johan Kemi: ON THE CELLULAR BASIS OF AEROBIC FITNESS, INTENSITY-
DEPENDENCE AND TIME-COURSE OF CARDIOMYOCYTE AND ENDOTHELIAL
ADAPTATIONS TO EXERCISE TRAINING

263.Eszter Vanky: POLYCYSTIC OVARY SYNDROME — METFORMIN TREATMENT IN
PREGNANCY

264.Hild Fjertoft: EXTENDED STROKE UNIT SERVICE AND EARLY SUPPORTED
DISCHARGE. SHORT AND LONG-TERM EFFECTS

265.Grete Dyb: POSTTRAUMATIC STRESS REACTIONS IN CHILDREN AND
ADOLESCENTS

266.Vidar Fykse: SOMATOSTATIN AND THE STOMACH

267 Kirsti Berg: OXIDATIVE STRESS AND THE ISCHEMIC HEART: A STUDY IN PATIENTS
UNDERGOING CORONARY REVASCULARIZATION

268.Bjorn Inge Gustafsson: THE SEROTONIN PRODUCING ENTEROCHROMAFFIN CELL,
AND EFFECTS OF HYPERSEROTONINEMIA ON HEART AND BONE

2006

269.Torstein Baade Rg: EFFECTS OF BONE MORPHOGENETIC PROTEINS, HEPATOCYTE
GROWTH FACTOR AND INTERLEUKIN-21 IN MULTIPLE MYELOMA

270.May-Britt Tessem: METABOLIC EFFECTS OF ULTRAVIOLET RADIATION ON THE
ANTERIOR PART OF THE EYE

271.Anne-Sofie Helvik: COPING AND EVERYDAY LIFE IN A POPULATION OF ADULTS
WITH HEARING IMPAIRMENT
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272.Therese Standal: MULTIPLE MYELOMA: THE INTERPLAY BETWEEN MALIGNANT
PLASMA CELLS AND THE BONE MARROW MICROENVIRONMENT

273.Ingvild Saltvedt: TREATMENT OF ACUTELY SICK, FRAIL ELDERLY PATIENTS IN A
GERIATRIC EVALUATION AND MANAGEMENT UNIT - RESULTS FROM A
PROSPECTIVE RANDOMISED TRIAL

274.Birger Henning Endreseth: STRATEGIES IN RECTAL CANCER TREATMENT - FOCUS
ON EARLY RECTAL CANCER AND THE INFLUENCE OF AGE ON PROGNOSIS

275.Anne Mari Aukan Rokstad: ALGINATE CAPSULES AS BIOREACTORS FOR CELL
THERAPY

276.Mansour Akbari: HUMAN BASE EXCISION REPAIR FOR PRESERVATION OF GENOMIC
STABILITY

277 .Stein Sundstrgm: IMPROVING TREATMENT IN PATIENTS WITH LUNG CANCER -
RESULTS FROM TWO MULITCENTRE RANDOMISED STUDIES

278.Hilde Pleym: BLEEDING AFTER CORONARY ARTERY BYPASS SURGERY - STUDIES
ON HEMOSTATIC MECHANISMS, PROPHYLACTIC DRUG TREATMENT AND
EFFECTS OF AUTOTRANSFUSION

279.Line Merethe Oldervoll: PHYSICAL ACTIVITY AND EXERCISE INTERVENTIONS IN
CANCER PATIENTS

280.Boye Welde: THE SIGNIFICANCE OF ENDURANCE TRAINING, RESISTANCE
TRAINING AND MOTIVATIONAL STYLES IN ATHLETIC PERFORMANCE AMONG
ELITE JUNIOR CROSS-COUNTRY SKIERS

281.Per Olav Vandvik: IRRITABLE BOWEL SYNDROME IN NORWAY, STUDIES OF
PREVALENCE, DIAGNOSIS AND CHARACTERISTICS IN GENERAL PRACTICE AND
IN THE POPULATION

282.1dar Kirkeby-Garstad: CLINICAL PHYSIOLOGY OF EARLY MOBILIZATION AFTER
CARDIAC SURGERY

283.Linn Getz: SUSTAINABLE AND RESPONSIBLE PREVENTIVE MEDICINE.
CONCEPTUALISING ETHICAL DILEMMAS ARISING FROM CLINICAL
IMPLEMENTATION OF ADVANCING MEDICAL TECHNOLOGY

284.Eva Tegnander: DETECTION OF CONGENITAL HEART DEFECTS IN A NON-SELECTED
POPULATION OF 42,381 FETUSES

285.Kristin Gabestad Ngrsett: GENE EXPRESSION STUDIES IN GASTROINTESTINAL
PATHOPHYSIOLOGY AND NEOPLASIA

286.Per Magnus Haram: GENETIC VS. AQUIRED FITNESS: METABOLIC, VASCULAR AND
CARDIOMYOCYTE ADAPTATIONS

287.Agneta Johansson: GENERAL RISK FACTORS FOR GAMBLING PROBLEMS AND THE
PREVALENCE OF PATHOLOGICAL GAMBLING IN NORWAY

288.Svein Artur Jensen: THE PREVALENCE OF SYMPTOMATIC ARTERIAL DISEASE OF
THE LOWER LIMB

289.Charlotte Bjork Ingul: QUANITIFICATION OF REGIONAL MYOCARDIAL FUNCTION
BY STRAIN RATE AND STRAIN FOR EVALUATION OF CORONARY ARTERY
DISEASE. AUTOMATED VERSUS MANUAL ANALYSIS DURING ACUTE
MYOCARDIAL INFARCTION AND DOBUTAMINE STRESS ECHOCARDIOGRAPHY

290.Jakob Nakling: RESULTS AND CONSEQUENCES OF ROUTINE ULTRASOUND
SCREENING IN PREGNANCY - A GEOGRAPHIC BASED POPULATION STUDY

291.Anne Engum: DEPRESSION AND ANXIETY — THEIR RELATIONS TO THYROID
DYSFUNCTION AND DIABETES IN A LARGE EPIDEMIOLOGICAL STUDY

292.0ttar Bjerkeset: ANXIETY AND DEPRESSION IN THE GENERAL POPULATION: RISK
FACTORS, INTERVENTION AND OUTCOME - THE NORD-TR@NDELAG HEALTH
STUDY (HUNT)

293.Jon Olav Drogset: RESULTS AFTER SURGICAL TREATMENT OF ANTERIOR
CRUCIATE LIGAMENT INJURIES - A CLINICAL STUDY

294 .Lars Fosse: MECHANICAL BEHAVIOUR OF COMPACTED MORSELLISED BONE - AN
EXPERIMENTAL IN VITRO STUDY

295.Gunilla Klensmeden Fosse: MENTAL HEALTH OF PSYCHIATRIC OUTPATIENTS
BULLIED IN CHILDHOOD

296.Paul Jarle Mork: MUSCLE ACTIVITY IN WORK AND LEISURE AND ITS ASSOCIATION
TO MUSCULOSKELETAL PAIN
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297.Bjorn Stenstrom: LESSONS FROM RODENTS: I: MECHANISMS OF OBESITY SURGERY
— ROLE OF STOMACH. II: CARCINOGENIC EFFECTS OF HELICOBACTER PYLORI
AND SNUS IN THE STOMACH

2007

298.Haakon R. Skogseth: INVASIVE PROPERTIES OF CANCER — A TREATMENT TARGET ?
IN VITRO STUDIES IN HUMAN PROSTATE CANCER CELL LINES

299.Janniche Hammer: GLUTAMATE METABOLISM AND CYCLING IN MESIAL
TEMPORAL LOBE EPILEPSY

300.May Britt Drugli: YOUNG CHILDREN TREATED BECAUSE OF ODD/CD: CONDUCT
PROBLEMS AND SOCIAL COMPETENCIES IN DAY-CARE AND SCHOOL SETTINGS

301.Arne Skjold: MAGNETIC RESONANCE KINETICS OF MANGANESE DIPYRIDOXYL
DIPHOSPHATE (MnDPDP) IN HUMAN MYOCARDIUM. STUDIES IN HEALTHY
VOLUNTEERS AND IN PATIENTS WITH RECENT MYOCARDIAL INFARCTION

302.Siri Malm: LEFT VENTRICULAR SYSTOLIC FUNCTION AND MYOCARDIAL
PERFUSION ASSESSED BY CONTRAST ECHOCARDIOGRAPHY

303.Valentina Maria do Rosario Cabral Iversen: MENTAL HEALTH AND PSYCHOLOGICAL
ADAPTATION OF CLINICAL AND NON-CLINICAL MIGRANT GROUPS

304.Lasse Lgvstakken: SIGNAL PROCESSING IN DIAGNOSTIC ULTRASOUND:
ALGORITHMS FOR REAL-TIME ESTIMATION AND VISUALIZATION OF BLOOD
FLOW VELOCITY

305.Elisabeth Olstad: GLUTAMATE AND GABA: MAJOR PLAYERS IN NEURONAL
METABOLISM

306.Lilian Leistad: THE ROLE OF CYTOKINES AND PHOSPHOLIPASE A,s IN ARTICULAR
CARTILAGE CHONDROCYTES IN RHEUMATOID ARTHRITIS AND OSTEOARTHRITIS

307.Arne Vaaler: EFFECTS OF PSYCHIATRIC INTENSIVE CARE UNIT IN AN ACUTE
PSYCIATHRIC WARD

308.Mathias Toft: GENETIC STUDIES OF LRRK2 AND PINK1 IN PARKINSON’S DISEASE

309.Ingrid Lgvold Mostad: IMPACT OF DIETARY FAT QUANTITY AND QUALITY IN TYPE
2 DIABETES WITH EMPHASIS ON MARINE N-3 FATTY ACIDS

310.Torill Eidhammer Sjgbakk: MR DETERMINED BRAIN METABOLIC PATTERN IN
PATIENTS WITH BRAIN METASTASES AND ADOLESCENTS WITH LOW BIRTH
WEIGHT

311.Vidar Beisvag: PHYSIOLOGICAL GENOMICS OF HEART FAILURE: FROM
TECHNOLOGY TO PHYSIOLOGY

312.0lav Magnus Sgndend Fredheim: HEALTH RELATED QUALITY OF LIFE ASSESSMENT
AND ASPECTS OF THE CLINICAL PHARMACOLOGY OF METHADONE IN PATIENTS
WITH CHRONIC NON-MALIGNANT PAIN

313.Anne Brantberg: FETAL AND PERINATAL IMPLICATIONS OF ANOMALIES IN THE
GASTROINTESTINAL TRACT AND THE ABDOMINAL WALL

314.Erik Solligard: GUT LUMINAL MICRODIALYSIS

315.Elin Tollefsen: RESPIRATORY SYMPTOMS IN A COMPREHENSIVE POPULATION
BASED STUDY AMONG ADOLESCENTS 13-19 YEARS. YOUNG-HUNT 1995-97 AND
2000-01; THE NORD-TR@NDELAG HEALTH STUDIES (HUNT)

316.Anne-Tove Brenne: GROWTH REGULATION OF MYELOMA CELLS

317.Heidi Knobel: FATIGUE IN CANCER TREATMENT — ASSESSMENT, COURSE AND
ETIOLOGY

318. Torbjgrn Dahl: CAROTID ARTERY STENOSIS. DIAGNOSTIC AND THERAPEUTIC
ASPECTS

319.Inge-Andre Rasmussen jr.. FUNCTIONAL AND DIFFUSION TENSOR MAGNETIC
RESONANCE IMAGING IN NEUROSURGICAL PATIENTS

320.Grete Helen Bratberg: PUBERTAL TIMING — ANTECEDENT TO RISK OR RESILIENCE ?
EPIDEMIOLOGICAL STUDIES ON GROWTH, MATURATION AND HEALTH RISK
BEHAVIOURS; THE YOUNG HUNT STUDY, NORD-TR@NDELAG, NORWAY

321.Sveinung Sgrhaug: THE PULMONARY NEUROENDOCRINE SYSTEM.
PHYSIOLOGICAL, PATHOLOGICAL AND TUMOURIGENIC ASPECTS

322.0lav Sande Eftedal: ULTRASONIC DETECTION OF DECOMPRESSION INDUCED
VASCULAR MICROBUBBLES

323.Rune Bang Leistad: PAIN, AUTONOMIC ACTIVATION AND MUSCULAR ACTIVITY
RELATED TO EXPERIMENTALLY-INDUCED COGNITIVE STRESS IN HEADACHE
PATIENTS
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324 .Svein Brekke: TECHNIQUES FOR ENHANCEMENT OF TEMPORAL RESOLUTION IN
THREE-DIMENSIONAL ECHOCARDIOGRAPHY

325. Kristian Bernhard Nilsen: AUTONOMIC ACTIVATION AND MUSCLE ACTIVITY IN
RELATION TO MUSCULOSKELETAL PAIN

326.Anne Irene Hagen: HEREDITARY BREAST CANCER IN NORWAY. DETECTION AND
PROGNOSIS OF BREAST CANCER IN FAMILIES WITH BRCAIGENE MUTATION

327.Ingebjgrg S. Juel : INTESTINAL INJURY AND RECOVERY AFTER ISCHEMIA. AN
EXPERIMENTAL STUDY ON RESTITUTION OF THE SURFACE EPITHELIUM,
INTESTINAL PERMEABILITY, AND RELEASE OF BIOMARKERS FROM THE MUCOSA

328.Runa Heimstad: POST-TERM PREGNANCY

329.Jan Egil Afset: ROLE OF ENTEROPATHOGENIC ESCHERICHIA COLI IN CHILDHOOD
DIARRHOEA IN NORWAY

330.Bent Havard Hellum: IN VITRO INTERACTIONS BETWEEN MEDICINAL DRUGS AND
HERBS ON CYTOCHROME P-450 METABOLISM AND P-GLYCOPROTEIN TRANSPORT

331.Morten André Hgydal: CARDIAC DYSFUNCTION AND MAXIMAL OXYGEN UPTAKE
MYOCARDIAL ADAPTATION TO ENDURANCE TRAINING

2008

332. Andreas Mgllerlgkken: REDUCTION OF VASCULAR BUBBLES: METHODS TO
PREVENT THE ADVERSE EFFECTS OF DECOMPRESSION

333.Anne Hege Aamodt: COMORBIDITY OF HEADACHE AND MIGRAINE IN THE NORD-
TRONDELAG HEALTH STUDY 1995-97

334. Brage Hgyem Amundsen: MYOCARDIAL FUNCTION QUANTIFIED BY SPECKLE
TRACKING AND TISSUE DOPPLER ECHOCARDIOGRAPHY - VALIDATION AND
APPLICATION IN EXERCISE TESTING AND TRAINING

335.Inger Anne Nass: INCIDENCE, MORTALITY AND RISK FACTORS OF FIRST VENOUS
THROMBOSIS IN A GENERAL POPULATION. RESULTS FROM THE SECOND NORD-
TRONDELAG HEALTH STUDY (HUNT2)

336.Vegard Bugten: EFFECTS OF POSTOPERATIVE MEASURES AFTER FUNCTIONAL
ENDOSCOPIC SINUS SURGERY

337.Morten Bruvold: MANGANESE AND WATER IN CARDIAC MAGNETIC RESONANCE
IMAGING

338.Miroslav Fris: THE EFFECT OF SINGLE AND REPEATED ULTRAVIOLET RADIATION
ON THE ANTERIOR SEGMENT OF THE RABBIT EYE

339.Svein Arne Aase: METHODS FOR IMPROVING QUALITY AND EFFICIENCY IN
QUANTITATIVE ECHOCARDIOGRAPHY - ASPECTS OF USING HIGH FRAME RATE

340.Roger Almvik: ASSESSING THE RISK OF VIOLENCE: DEVELOPMENT AND
VALIDATION OF THE BR@SET VIOLENCE CHECKLIST

341.0ttar Sundheim: STRUCTURE-FUNCTION ANALYSIS OF HUMAN ENZYMES
INITIATING NUCLEOBASE REPAIR IN DNA AND RNA

342.Anne Mari Undheim: SHORT AND LONG-TERM OUTCOME OF EMOTIONAL AND
BEHAVIOURAL PROBLEMS IN YOUNG ADOLESCENTS WITH AND WITHOUT
READING DIFFICULTIES

343.Helge Garasen: THE TRONDHEIM MODEL. IMPROVING THE PROFESSIONAL
COMMUNICATION BETWEEN THE VARIOUS LEVELS OF HEALTH CARE SERVICES
AND IMPLEMENTATION OF INTERMEDIATE CARE AT A COMMUNITY HOSPITAL
COULD PROVIDE BETTER CARE FOR OLDER PATIENTS. SHORT AND LONG TERM
EFFECTS

344.0lav A. Foss: “THE ROTATION RATIOS METHOD”. A METHOD TO DESCRIBE
ALTERED SPATIAL ORIENTATION IN SEQUENTIAL RADIOGRAPHS FROM ONE
PELVIS

345 Bjgrn Olav Asvold: THYROID FUNCTION AND CARDIOVASCULAR HEALTH

346.Torun Margareta Melg: NEURONAL GLIAL INTERACTIONS IN EPILEPSY

347 Irina Poliakova Eide: FETAL GROWTH RESTRICTION AND PRE-ECLAMPSIA: SOME
CHARACTERISTICS OF FETO-MATERNAL INTERACTIONS IN DECIDUA BASALIS

348.Torunn Askim: RECOVERY AFTER STROKE. ASSESSMENT AND TREATMENT; WITH
FOCUS ON MOTOR FUNCTION

349.Ann Elisabeth Asberg: NEUTROPHIL ACTIVATION IN A ROLLER PUMP MODEL OF
CARDIOPULMONARY BYPASS. INFLUENCE ON BIOMATERIAL, PLATELETS AND
COMPLEMENT
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350.Lars Hagen: REGULATION OF DNA BASE EXCISION REPAIR BY PROTEIN
INTERACTIONS AND POST TRANSLATIONAL MODIFICATIONS

351.Sigrun Beate Kjgtrgd: POLYCYSTIC OVARY SYNDROME - METFORMIN TREATMENT
IN ASSISTED REPRODUCTION

352.Steven Keita Nishiyama: PERSPECTIVES ON LIMB-VASCULAR HETEROGENEITY:
IMPLICATIONS FOR HUMAN AGING, SEX, AND EXERCISE

353.Sven Peter Nisholm: ULTRASOUND BEAMS FOR ENHANCED IMAGE QUALITY

354.Jon Stéle Ritland: PRIMARY OPEN-ANGLE GLAUCOMA & EXFOLIATIVE GLAUCOMA.
SURVIVAL, COMORBIDITY AND GENETICS

355.Sigrid Botne Sando: ALZHEIMER’S DISEASE IN CENTRAL NORWAY. GENETIC AND
EDUCATIONAL ASPECTS

356.Parvinder Kaur: CELLULAR AND MOLECULAR MECHANISMS BEHIND
METHYLMERCURY-INDUCED NEUROTOXICITY

357.Ismail Ciineyt Glizey: DOPAMINE AND SEROTONIN RECEPTOR AND TRANSPORTER
GENE POLYMORPHISMS AND EXTRAPYRAMIDAL SYMPTOMS. STUDIES IN
PARKINSON’S DISEASE AND IN PATIENTS TREATED WITH ANTIPSYCHOTIC OR
ANTIDEPRESSANT DRUGS

358.Brit Dybdahl: EXTRA-CELLULAR INDUCIBLE HEAT-SHOCK PROTEIN 70 (Hsp70) — A
ROLE IN THE INFLAMMATORY RESPONSE ?

359 Kristoffer Haugarvoll: IDENTIFYING GENETIC CAUSES OF PARKINSON’S DISEASE IN
NORWAY

360.Nadra Nilsen: TOLL-LIKE RECEPTOR 2 -EXPRESSION, REGULATION AND SIGNALING

361.Johan Hakon Bjgrngaard: PATIENT SATISFACTION WITH OUTPATIENT MENTAL
HEALTH SERVICES - THE INFLUENCE OF ORGANIZATIONAL FACTORS.

362.Kjetil Hgydal : EFFECTS OF HIGH INTENSITY AEROBIC TRAINING IN HEALTHY
SUBJECTS AND CORONARY ARTERY DISEASE PATIENTS; THE IMPORTANCE OF
INTENSITY,, DURATION AND FREQUENCY OF TRAINING.

363.Trine Karlsen: TRAINING IS MEDICINE: ENDURANCE AND STRENGTH TRAINING IN
CORONARY ARTERY DISEASE AND HEALTH.

364.Marte Thuen: MANGANASE-ENHANCED AND DIFFUSION TENSOR MR IMAGING OF
THE NORMAL, INJURED AND REGENERATING RAT VISUAL PATHWAY

365.Cathrine Broberg Vagbg: DIRECT REPAIR OF ALKYLATION DAMAGE IN DNA AND
RNA BY 2-OXOGLUTARATE- AND IRON-DEPENDENT DIOXYGENASES

366.Arnt Erik Tjgnna: AEROBIC EXERCISE AND CARDIOVASCULAR RISK FACTORS IN
OVERWEIGHT AND OBESE ADOLESCENTS AND ADULTS

367 .Marianne W. Furnes: FEEDING BEHAVIOR AND BODY WEIGHT DEVELOPMENT:
LESSONS FROM RATS

368.Lene N. Johannessen: FUNGAL PRODUCTS AND INFLAMMATORY RESPONSES IN
HUMAN MONOCYTES AND EPITHELIAL CELLS

369.Anja Bye: GENE EXPRESSION PROFILING OF INHERITED AND ACQUIRED MAXIMAL
OXYGEN UPTAKE - RELATIONS TO THE METABOLIC SYNDROME.

370.0Oluf Dimitri Rge: MALIGNANT MESOTHELIOMA: VIRUS, BIOMARKERS AND GENES.
A TRANSLATIONAL APPROACH

371.Ane Cecilie Dale: DIABETES MELLITUS AND FATAL ISCHEMIC HEART DISEASE.
ANALYSES FROM THE HUNT1 AND 2 STUDIES

372.Jacob Christian Hglen: PAIN ASSESSMENT IN PALLIATIVE CARE: VALIDATION OF
METHODS FOR SELF-REPORT AND BEHAVIOURAL ASSESSMENT

373.Erming Tian: THE GENETIC IMPACTS IN THE ONCOGENESIS OF MULTIPLE
MYELOMA

374.0le Bosnes: KLINISK UTPR@VING AV NORSKE VERSJONER AV NOEN SENTRALE
TESTER PA KOGNITIV FUNKSJON

375.0la M. Rygh: 3D ULTRASOUND BASED NEURONAVIGATION IN NEUROSURGERY. A
CLINICAL EVALUATION

376.Astrid Kamilla Stunes: ADIPOKINES, PEROXISOME PROFILERATOR ACTIVATED
RECEPTOR (PPAR) AGONISTS AND SEROTONIN. COMMON REGULATORS OF BONE
AND FAT METABOLISM

377.Silje Engdal: HERBAL REMEDIES USED BY NORWEGIAN CANCER PATIENTS AND
THEIR ROLE IN HERB-DRUG INTERACTIONS

378 .Kristin Offerdal: IMPROVED ULTRASOUND IMAGING OF THE FETUS AND ITS
CONSEQUENCES FOR SEVERE AND LESS SEVERE ANOMALIES
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379.0ivind Rognmo: HIGH-INTENSITY AEROBIC EXERCISE AND CARDIOVASCULAR
HEALTH

380. Jo-Asmund Lund: RADIOTHERAPY IN ANAL CARCINOMA AND PROSTATE CANCER

2009

381.Tore Griiner Bjastad: HIGH FRAME RATE ULTRASOUND IMAGING USING PARALLEL
BEAMFORMING

382.Erik Sgndenaa: INTELLECTUAL DISABILITIES IN THE CRIMINAL JUSTICE SYSTEM

383.Berit Rostad: SOCIAL INEQUALITIES IN WOMEN’S HEALTH, HUNT 1984-86 AND
1995-97, THE NORD-TR@NDELAG HEALTH STUDY (HUNT)

384.Jonas Crosby: ULTRASOUND-BASED QUANTIFICATION OF MYOCARDIAL
DEFORMATION AND ROTATION

385.Erling Tronvik: MIGRAINE, BLOOD PRESSURE AND THE RENIN-ANGIOTENSIN
SYSTEM

386.Tom Christensen: BRINGING THE GP TO THE FOREFRONT OF EPR DEVELOPMENT

387.Hékon Bergseng: ASPECTS OF GROUP B STREPTOCOCCUS (GBS) DISEASE IN THE
NEWBORN. EPIDEMIOLOGY, CHARACTERISATION OF INVASIVE STRAINS AND
EVALUATION OF INTRAPARTUM SCREENING

388.Ronny Myhre: GENETIC STUDIES OF CANDIDATE TENE3S IN PARKINSON’S
DISEASE

389.Torbjgrn Moe Eggebg: ULTRASOUND AND LABOUR

390.Eivind Wang: TRAINING IS MEDICINE FOR PATIENTS WITH PERIPHERAL ARTERIAL
DISEASE

391.Thea Kristin Vatsveen: GENETIC ABERRATIONS IN MYELOMA CELLS

392.Thomas Jozefiak: QUALITY OF LIFE AND MENTAL HEALTH IN CHILDREN AND
ADOLESCENTS: CHILD AND PARENT PERSPECTIVES

393.Jens Erik Slagsvold: N-3 POLYUNSATURATED FATTY ACIDS IN HEALTH AND
DISEASE — CLINICAL AND MOLECULAR ASPECTS

394 Kristine Misund: A STUDY OF THE TRANSCRIPTIONAL REPRESSOR ICER.
REGULATORY NETWORKS IN GASTRIN-INDUCED GENE EXPRESSION

395 .Franco M. Impellizzeri: HIGH-INTENSITY TRAINING IN FOOTBALL PLAYERS.
EFFECTS ON PHYSICAL AND TECHNICAL PERFORMANCE

396.Kari Hanne Gjeilo: HEALTH-RELATED QUALITY OF LIFE AND CHRONIC PAIN IN
PATIENTS UNDERGOING CARDIAC SURGERY

397.0yvind Hauso: NEUROENDOCRINE ASPECTS OF PHYSIOLOGY AND DISEASE

398.Ingvild Bjellmo Johnsen: INTRACELLULAR SIGNALING MECHANISMS IN THE INNATE
IMMUNE RESPONSE TO VIRAL INFECTIONS

399.Linda Tgmmerdal Roten: GENETIC PREDISPOSITION FOR DEVELOPMENT OF
PREEMCLAMPSIA — CANDIDATE GENE STUDIES IN THE HUNT (NORD-TR@NDELAG
HEALTH STUDY) POPULATION

400.Trude Teoline Nausthaug Rakvag: PHARMACOGENETICS OF MORPHINE IN CANCER
PAIN

401.Hanne Lehn: MEMORY FUNCTIONS OF THE HUMAN MEDIAL TEMPORAL LOBE
STUDIED WITH fMRI

402.Randi Utne Holt: ADHESION AND MIGRATION OF MYELOMA CELLS - IN VITRO
STUDIES -

403.Trygve Solstad: NEURAL REPRESENTATIONS OF EUCLIDEAN SPACE

404.Unn-Merete Fagerli: MULTIPLE MYELOMA CELLS AND CYTOKINES FROM THE
BONE MARROW ENVIRONMENT; ASPECTS OF GROWTH REGULATION AND
MIGRATION

405.Sigrid Bjgrnelv: EATING- AND WEIGHT PROBLEMS IN ADOLESCENTS, THE YOUNG
HUNT-STUDY

406.Mari Hoff: CORTICAL HAND BONE LOSS IN RHEUMATOID ARTHRITIS.
EVALUATING DIGITAL X-RAY RADIOGRAMMETRY AS OUTCOME MEASURE OF
DISEASE ACTIVITY, RESPONSE VARIABLE TO TREATMENT AND PREDICTOR OF
BONE DAMAGE

407.Siri Bjgrgen: AEROBIC HIGH INTENSITY INTERVAL TRAINING IS AN EFFECTIVE
TREATMENT FOR PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY DISEASE

408.Susanne Lindqvist: VISION AND BRAIN IN ADOLESCENTS WITH LOW BIRTH WEIGHT

409.Torbjgrn Hergum: 3D ULTRASOUND FOR QUANTITATIVE ECHOCARDIOGRAPHY
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410.Jgrgen Urnes: PATIENT EDUCATION IN GASTRO-OESOPHAGEAL REFLUX DISEASE.
VALIDATION OF A DIGESTIVE SYMPTOMS AND IMPACT QUESTIONNAIRE AND A
RANDOMISED CONTROLLED TRIAL OF PATIENT EDUCATION

411.Elvar Eyjolfsson: 13C NMRS OF ANIMAL MODELS OF SCHIZOPHRENIA

412.Marius Steiro Fimland: CHRONIC AND ACUTE NEURAL ADAPTATIONS TO STRENGTH
TRAINING

413.@yvind Stgren: RUNNING AND CYCLING ECONOMY IN ATHLETES; DETERMINING
FACTORS, TRAINING INTERVENTIONS AND TESTING

414.Hakon Hov: HEPATOCYTE GROWTH FACTOR AND ITS RECEPTOR C-MET.
AUTOCRINE GROWTH AND SIGNALING IN MULTIPLE MYELOMA CELLS

415.Maria Radtke: ROLE OF AUTOIMMUNITY AND OVERSTIMULATION FOR BETA-CELL
DEFICIENCY. EPIDEMIOLOGICAL AND THERAPEUTIC PERSPECTIVES

416.Liv Bente Romundstad: ASSISTED FERTILIZATION IN NORWAY: SAFETY OF THE
REPRODUCTIVE TECHNOLOGY

417 .Erik Magnus Berntsen: PREOPERATIV PLANNING AND FUNCTIONAL
NEURONAVIGATION - WITH FUNCTIONAL MRI AND DIFFUSION TENSOR
TRACTOGRAPHY IN PATIENTS WITH BRAIN LESIONS

418.Tonje Strgmmen Steigedal: MOLECULAR MECHANISMS OF THE PROLIFERATIVE
RESPONSE TO THE HORMONE GASTRIN

419.Vidar Rao: EXTRACORPOREAL PHOTOCHEMOTHERAPY IN PATIENTS WITH
CUTANEOUS T CELL LYMPHOMA OR GRAFT-vs-HOST DISEASE

420.Torkild Visnes: DNA EXCISION REPAIR OF URACIL AND 5-FLUOROURACIL IN
HUMAN CANCER CELL LINES

2010

421.John Munkhaugen: BLOOD PRESSURE, BODY WEIGHT, AND KIDNEY FUNCTION IN
THE NEAR-NORMAL RANGE: NORMALITY, RISK FACTOR OR MORBIDITY ?

422 .Ingrid Castberg: PHARMACOKINETICS, DRUG INTERACTIONS AND ADHERENCE TO
TREATMENT WITH ANTIPSYCHOTICS: STUDIES IN A NATURALISTIC SETTING

423.Jian Xu: BLOOD-OXYGEN-LEVEL-DEPENDENT-FUNCTIONAL MAGNETIC
RESONANCE IMAGING AND DIFFUSION TENSOR IMAGING IN TRAUMATIC BRAIN
INJURY RESEARCH

424 .Sigmund Simonsen: ACCEPTABLE RISK AND THE REQUIREMENT OF
PROPORTIONALITY IN EUROPEAN BIOMEDICAL RESEARCH LAW. WHAT DOES
THE REQUIREMENT THAT BIOMEDICAL RESEARCH SHALL NOT INVOLVE RISKS
AND BURDENS DISPROPORTIONATE TO ITS POTENTIAL BENEFITS MEAN?

425.Astrid Woodhouse: MOTOR CONTROL IN WHIPLASH AND CHRONIC NON-
TRAUMATIC NECK PAIN

426.Line Rgrstad Jensen: EVALUATION OF TREATMENT EFFECTS IN CANCER BY MR
IMAGING AND SPECTROSCOPY

427.Trine Moholdt: AEROBIC EXERCISE IN CORONARY HEART DISEASE

428.@ystein Olsen: ANALYSIS OF MANGANESE ENHANCED MRI OF THE NORMAL AND
INJURED RAT CENTRAL NERVOUS SYSTEM

429.Bjorn H. Grgnberg: PEMETREXED IN THE TREATMENT OF ADVANCED LUNG
CANCER

430.Vigdis Schnell Husby: REHABILITATION OF PATIENTS UNDERGOING TOTAL HIP
ARTHROPLASTY WITH FOCUS ON MUSCLE STRENGTH, WALKING AND AEROBIC
ENDURANCE PERFORMANCE

431.Torbjgrn Bien: CHALLENGES IN PRIMARY PREVENTION OF ALLERGY. THE
PREVENTION OF ALLERGY AMONG CHILDREN IN TRONDHEIM (PACT) STUDY.

432 .Kari Anne Indredavik Evensen: BORN TOO SOON OR TOO SMALL: MOTOR PROBLEMS
IN ADOLESCENCE

433.Lars Adde: PREDICTION OF CEREBRAL PALSY IN YOUNG INFANTS. COMPUTER
BASED ASSESSMENT OF GENERAL MOVEMENTS

434 .Magnus Fasting: PRE- AND POSTNATAL RISK FACTORS FOR CHILDHOOD
ADIPOSITY

435.Vivi Talstad Monsen: MECHANISMS OF ALKYLATION DAMAGE REPAIR BY HUMAN
AlkB HOMOLOGUES

436.Toril Skandsen: MODERATE AND SEVERE TRAUMATIC BRAIN INJURY. MAGNETIC
RESONANCE IMAGING FINDINGS, COGNITION AND RISK FACTORS FOR
DISABILITY
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437.Ingeborg Smidesang: ALLERGY RELATED DISORDERS AMONG 2-YEAR OLDS AND
ADOLESCENTS IN MID-NORWAY - PREVALENCE, SEVERITY AND IMPACT. THE
PACT STUDY 2005, THE YOUNG HUNT STUDY 1995-97

438.Vidar Halsteinli: MEASURING EFFICIENCY IN MENTAL HEALTH SERVICE
DELIVERY: A STUDY OF OUTPATIENT UNITS IN NORWAY

439.Karen Lehrmann Agidius: THE PREVALENCE OF HEADACHE AND MIGRAINE IN
RELATION TO SEX HORMONE STATUS IN WOMEN. THE HUNT 2 STUDY

440.Madelene Ericsson: EXERCISE TRAINING IN GENETIC MODELS OF HEART FAILURE

441.Marianne Klokk: THE ASSOCIATION BETWEEN SELF-REPORTED ECZEMA AND
COMMON MENTAL DISORDERS IN THE GENERAL POPULATION. THE
HORDALAND HEALTH STUDY (HUSK)

442 .Tomas Ottemo Stglen: IMPAIRED CALCIUM HANDLING IN ANIMAL AND HUMAN
CARDIOMYOCYTES REDUCE CONTRACTILITY AND INCREASE ARRHYTHMIA
POTENTIAL - EFFECTS OF AEROBIC EXERCISE TRAINING

443 .Bjarne Hansen: ENHANCING TREATMENT OUTCOME IN COGNITIVE BEHAVIOURAL
THERAPY FOR OBSESSIVE COMPULSIVE DISORDER: THE IMPORTANCE OF
COGNITIVE FACTORS

444 Mona Lgvlien: WHEN EVERY MINUTE COUNTS. FROM SYMPTOMS TO ADMISSION
FOR ACUTE MYOCARDIAL INFARCTION WITH SPECIAL EMPHASIS ON GENDER
DIFFERECES

445 Karin Margaretha Gilljam: DNA REPAIR PROTEIN COMPLEXES, FUNCTIONALITY AND
SIGNIFICANCE FOR REPAIR EFFICIENCY AND CELL SURVIVAL

446.Anne Byriel Walls: NEURONAL GLIAL INTERACTIONS IN CEREBRAL ENERGY - AND
AMINO ACID HOMEOSTASIS — IMPLICATIONS OF GLUTAMATE AND GABA

447 .Cathrine Fallang Knetter: MECHANISMS OF TOLL-LIKE RECEPTOR 9 ACTIVATION

448 .Marit Fglsvik Svindseth: A STUDY OF HUMILIATION, NARCISSISM AND TREATMENT
OUTCOME IN PATIENTS ADMITTED TO PSYCHIATRIC EMERGENCY UNITS

449 Karin Elvenes Bakkelund: GASTRIC NEUROENDOCRINE CELLS - ROLE IN GASTRIC
NEOPLASIA IN MAN AND RODENTS

450.Kirsten Brun Kjelstrup: DORSOVENTRAL DIFFERENCES IN THE SPATIAL
REPRESENTATION AREAS OF THE RAT BRAIN

451.Roar Johansen: MR EVALUATION OF BREAST CANCER PATIENTS WITH POOR
PROGNOSIS

452 .Rigmor Myran: POST TRAUMATIC NECK PAIN. EPIDEMIOLOGICAL,
NEURORADIOLOGICAL AND CLINICAL ASPECTS

453 .Krisztina Kunszt Johansen: GENEALOGICAL, CLINICAL AND BIOCHEMICAL STUDIES
IN LRRK2 — ASSOCIATED PARKINSON’S DISEASE

454 .Pal Gjerden: THE USE OF ANTICHOLINERGIC ANTIPARKINSON AGENTS IN
NORWAY. EPIDEMIOLOGY, TOXICOLOGY AND CLINICAL IMPLICATIONS

455.Else Marie Huuse: ASSESSMENT OF TUMOR MICROENVIRONMENT AND
TREATMENT EFFECTS IN HUMAN BREAST CANCER XENOGRAFTS USING MR
IMAGING AND SPECTROSCOPY

456.Khalid S. Ibrahim: INTRAOPERATIVE ULTRASOUND ASSESSMENT IN CORONARY
ARTERY BYPASS SURGERY — WITH SPECIAL REFERENCE TO CORONARY
ANASTOMOSES AND THE ASCENDING AORTA

457 Bjorn @glend: ANTHROPOMETRY, BLOOD PRESSURE AND REPRODUCTIVE
DEVELOPMENT IN ADOLESCENCE OF OFFSPRING OF MOTHERS WHO HAD
PREECLAMPSIA IN PREGNANCY

458.John Olav Roaldset: RISK ASSESSMENT OF VIOLENT, SUICIDAL AND SELF-
INJURIOUS BEHAVIOUR IN ACUTE PSYCHIATRY — A BIO-PSYCHO-SOCIAL
APPROACH

459 Havard Dalen: ECHOCARDIOGRAPHIC INDICES OF CARDIAC FUNCTION - NORMAL
VALUES AND ASSOCIATIONS WITH CARDIAC RISK FACTORS IN A POPULATION
FREE FROM CARDIOVASCULAR DISEASE, HYPERTENSION AND DIABETES: THE
HUNT 3 STUDY

460. Beate André: CHANGE CAN BE CHALLENGING. INTRODUCTION TO CHANGES AND
IMPLEMENTATION OF COMPUTERIZED TECHNOLOGY IN HEALTH CARE

461. Latha Nrugham: ASSOCIATES AND PREDICTORS OF ATTEMPTED SUICIDE AMONG
DEPRESSED ADOLESCENTS — A 6-YEAR PROSPECTIVE STUDY
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462.Havard Berséds Nordgaard: TRANSIT-TIME FLOWMETRY AND WALL SHEAR STRESS
ANALYSIS OF CORONARY ARTERY BYPASS GRAFTS - A CLINICAL AND
EXPERIMENTAL STUDY

Cotutelle with University of Ghent: Abigail Emily Swillens: A MULTIPHY SICS MODEL FOR

IMPROVING THE ULTRASONIC ASSESSMENT OF LARGE ARTERIES

2011

463. Marte Helene Bjgrk: DO BRAIN RHYTHMS CHANGE BEFORE THE MIGRAINE
ATTACK? A LONGITUDINAL CONTROLLED EEG STUDY

464. Carl-Jgrgen Arum: A STUDY OF UROTHELIAL CARCINOMA: GENE EXPRESSION
PROFILING, TUMORIGENESIS AND THERAPIES IN ORTHOTOPIC ANIMAL MODELS

465. Ingunn Harstad: TUBERCULOSIS INFECTION AND DISEASE AMONG ASYLUM
SEEKERS IN NORWAY. SCREENING AND FOLLOW-UP IN PUBLIC HEALTH CARE

466. Leif Age Strand: EPIDEMIOLOGICAL STUDIES AMONG ROYAL NORWEGIAN NAVY
SERVICEMEN. COHORT ESTABLISHMENT, CANCER INCIDENCE AND CAUSE-
SPECIFIC MORTALITY

467. Katrine Hgyer Holgersen: SURVIVORS IN THEIR THIRD DECADE AFTER THE NORTH
SEA OIL RIG DISASTER OF 1980. LONG-TERM PERSPECTIVES ON MENTAL HEALTH

468. MarianneWallenius: PREGNANCY RELATED ASPECTS OF CHRONIC
INFLAMMATORY ARTHRITIDES: DISEASE ONSET POSTPARTUM, PREGNANCY
OUTCOMES AND FERTILITY. DATA FROM A NORWEGIAN PATIENT REGISTRY
LINKED TO THE MEDICAL BIRTH REGISTRY OF NORWAY

469. Ole Vegard Solberg: 3D ULTRASOUND AND NAVIGATION — APPLICATIONS IN
LAPAROSCOPIC SURGERY

470. Inga Ekeberg Schjerve: EXERCISE-INDUCED IMPROVEMENT OF MAXIMAL OXYGEN
UPTAKE AND ENDOTHELIAL FUNCTION IN OBESE AND OVERWEIGHT
INDIVIDUALS ARE DEPENDENT ON EXERCISE-INTENSITY

471. Eva Veslemgy Tyldum: CARDIOVASCULAR FUNCTION IN PREECLAMPSIA - WITH
REFERENCE TO ENDOTHELIAL FUNCTION, LEFT VENTRICULAR FUNCTION AND
PRE-PREGNANCY PHYSICAL ACTIVITY

472. Benjamin Garzén Jiménez de Cisneros: CLINICAL APPLICATIONS OF MULTIMODAL
MAGNETIC RESONANCE IMAGING

473. Halvard Knut Nilsen: ASSESSING CODEINE TREATMENT TO PATIENTS WITH
CHRONIC NON-MALIGNANT PAIN: NEUROPSYCHOLOGICAL FUNCTIONING,
DRIVING ABILITY AND WEANING

474. Eiliv Brenner: GLUTAMATE RELATED METABOLISM IN ANIMAL MODELS OF
SCHIZOPHRENIA

475. Egil Jonsbu: CHEST PAIN AND PALPITATIONS IN A CARDIAC SETTING;
PSYCHOLOGICAL FACTORS, OUTCOME AND TREATMENT

476. Mona Hgysater Fenstad: GENETIC SUSCEPTIBILITY TO PREECLAMPSIA : STUDIES ON
THE NORD-TRONDELAG HEALTH STUDY (HUNT) COHORT, AN AUSTRALIAN/NEW
ZEALAND FAMILY COHORT AND DECIDUA BASALIS TISSUE

477. Svein Erik Gaustad: CARDIOVASCULAR CHANGES IN DIVING: FROM HUMAN
RESPONSE TO CELL FUNCTION

478. Karin Torvik: PAIN AND QUALITY OF LIFE IN PATIENTS LIVING IN NURSING
HOMES

479. Arne Solberg: OUTCOME ASSESSMENTS IN NON-METASTATIC PROSTATE CANCER

480. Henrik Sahlin Pettersen: CYTOTOXICITY AND REPAIR OF URACIL AND 5-
FLUOROURACIL IN DNA

481. Pui-Lam Wong: PHYSICAL AND PHYSIOLOGICAL CAPACITY OF SOCCER PLAYERS:
EFFECTS OF STRENGTH AND CONDITIONING

482. Ole Solheim: ULTRASOUND GUIDED SURGERY IN PATIENTS WITH INTRACRANIAL
TUMOURS

483. Sten Roar Snare: QUANTITATIVE CARDIAC ANALYSIS ALGORITHMS FOR POCKET-
SIZED ULTRASOUND DEVICES

484. Marit Skyrud Bratlie: LARGE-SCALE ANALYSIS OF ORTHOLOGS AND PARALOGS IN
VIRUSES AND PROKARYOTES

485.Anne Elisabeth F. Isern: BREAST RECONSTRUCTION AFTER MASTECTOMY - RISK OF
RECURRENCE AFTER DELAYED LARGE FLAP RECONSTRUCTION — AESTHETIC
OUTCOME, PATIENT SATISFACTION, QUALITY OF LIFE AND SURGICAL RESULTS;
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HISTOPATHOLOGICAL FINDINGS AND FOLLOW-UP AFTER PROPHYLACTIC
MASTECTOMY IN HEREDITARY BREAST CANCER

486.Guro L. Andersen: CEREBRAL PALSY IN NORWAY - SUBTYPES, SEVERITY AND
RISK FACTORS

487.Frode Kolstad: CERVICAL DISC DISEASE — BIOMECHANICAL ASPECTS

488. Bente Nordtug: CARING BURDEN OF COHABITANTS LIVING WITH PARTNERS
SUFFERING FROM CHRONIC OBSTRUCTIVE PULMONARY DISEASE OR DEMENTIA

489. Mariann Gjervik Heldahl: EVALUATION OF NEOADJUVANT CHEMOTHERAPY IN
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