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Summary
Wegener's granulomatosis(WG) is a form of
systemicvasculitiswhich, although well studied,
still constitutesa black box with respectto its
pathogenesis and -physiology. The complexity
of the disease is partly due to the fact that
autoimmunephenomen4 among which the most
characteristicis the presenceofautoantibodiesto
neutrophil enzymes (ANCA), can be observed
alongside clinical features such as necrotizing
vasculitis, granuloma formation in the upper and
lower respiratory tract and glomerulonephritis.
However, evidence for the causal link between
these phenomenais still circumstantial,despite
efforts to demonstrate notably the contribution
of ANCA to vascularand glomerularlesions.
When dissectingthe mechanismsthat result
in the generation of the disorder WG it may be
helpful to distinguish between an initiator or
trigger phase of the disease and an effector
phase, in which the actual vascular damage
ensues.Obviously, due to our restrictedinsight
into the course of the disease, the borders
between these two phases are vague and
mechanisms bridging the two phases are
probably present.
The
current thesis is focused on
pathophysiologic factors and mechanisms
involved in the trigger phase of the diseaseand
the events following this phase. The starting
point of this thesis is the cunent concept that,
while genetic determinants create a background
development of WG,
that may favor
environmental factors are needed to trigger
pathological
processes. Among
these
environmental factors, bacterial infections, in
particular with Staphylococcus aureus, have
received
attention.
special
Chronic
staphylococcal carriage in WG patients is not
only significantly higher than in healthy
individuals, but this bacterial agent has been
shown to be a risk factor for diseaserelapses.
Moreover, various clinical studiesassessingthe
efficacy of the antibiotic co-trimoxazole in WG
have reported on its capacity to reduce the
frequency of disease relapses and to induce
partial or complete remission,underscoringthe
potential role of a bacterial infection in this
disease.
Central to this thesis is the postulate that J.
aureus and its superantigens (SAg) are

implicatedin the pathophysiology
of WG. We
havefocusedon SAg becausethesemolecules
are known as strong immunostimulators,in
particularof T cells.In view of the disturbed
immune balancein WG and the presenceof
autoimmunity,it is conceivablethat bacterial
SAg may be responsible for exaggerated
activationof T cells,resultingin the creationof
an appropriatecostimulatorymilieu for the
production
of ANCA.
The thesishas beenorganizedin two parts,
thefirst beingdedicatedto
S. aureusandits SAg
as risk factorsfor diseaserelapsein WG, while
the secondpart deals with aspectsof T cell
activation,expansionandc1'tokineproductionin
the context of SAg or WG-associated
autoantigens
as stimulatoryagents.Furthermore,
the experimentalchapters are preceded by
extensive
reviewsof the implicationof bacterial
SAg in vasculitides
in general,and in WG in
particular(chapter 2) and of the various (and
yet unexplored)mechanisms
by which S. aureus
may be involvedin the pathophysiology
of WG
(chapter8). Sincetheserespective
reviewsalso
presentdetaileddiscussion
of the experimental
chapters,the presentsummarywill presenta
synopsisofthe studiescarriedout in the context
ofthis thesis.

PART ONE: S. aureus and its SAg: Risk
factorsin WG
S. aureus carriage is not eradicated by cotrimoxazole: Possiblestealth strategy
Various clinical studieshave demonstrated
a
beneficialeffect of treatmentof WG patients
with the antibiotic co-trimoxazole.This effect
consisted
in a reductionin thenumberofdisease
relapses associatedwith treatment and the
attainmentof partial or complete remission.
However,a direct effect of co-trimoxazoleon
the eradicationof S. aureushasnot beenshown.
In chapter3 we addressed
the hypothesis
that
co-trimoxazoleeradicatesS. aureuscarriagein
WG patients.We took advantage
of the fact that
frequently, after antibiotic treatment is
discontinued,
S. aureusis detectedagainin these
patients.Thus,we postulatedthat staphylococcal
strains acquired after antibiotic treatmentare
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genetically different from strains carried prior to
treatment, indicating that existing bacteria had
been eradicatedby the antibiotic co-trimoxazole.
Relatedness between staphylococcal strains
isolated before, during and after treatment with
co-trimoxazole was assessed by genetic
fingerprinting using a random amplified
polymorphic DNA (RAPD) method.
Our study shows that, in most of the patients
analyzed, staphylococcal strains isolated at
various time points before, during and after
tre"lment with co-trimoxazole are genetically
identical, suggesting that the antibiotic was
ineificacious in eradicating carriage of the
bacterium. One of the interpretationsthat may be
relevant for further investigation is that
antibiotic treatment may induce the formation of
staphylococcalsmall colony variants,which are
able to survive in endothelialcells. This stealth
strategy may enable S. aureus to elude detection
as well as assaults by the immune system or
antibiotics. Moreover, we suggest that the
conceptof co-trimoxazoleefficacy in WG being
due to its immunosuppressivepropertiesrather
than its antibiotic action. mav deserve
reevaluation.
St aphy loco ccal toxic-shock-sy ndro me-toxi n 1
(TSST-1): Riskfactor in l(G
Staphylococcal superantigens (SAg), among
which the enterotoxins A-E (SEA-SEE), the
toxic-shock-syndrome-toxin-l(TSST-l) and the
exfoliative toxins A and B (ETA, ETB) have
been postulated to be implicated in the
pathogenesisof various autoimmune disorders
on account of their strong immunostimulatory
capacity. In WG we have previously shown that
S. aureus strains carrying genes for SEA, SEC,
TSST-I and ETA are present.In chapter 4 we
have assessedthe relative risk of WG patients
carrying SAg-positive S. aureus to develop
diseaseexacerbations.
This retrospective, longitudinal study, in
which we detected and typed SAg genes by
PCR, documents for the first time pattems of
SAg caniage in a large cohort of patients and a
defined clinical setting. We show that the
staphylococcal SAg genessea, sec, eta and tsst-1are particularly frequent in WG. Furthermore,
we show that the presenceof a SAg-positive ,9.

aureus strain, irrespective ofthe type of SAg, is
not a risk factor for the development of disease
exacerbations. However, a subset of S. aureus
strains, namely those carrying the tsst-1 gene,
constitute a significant risk factor for relapse.
Previous studies strongly suggestthat TSSTI is involved in the pathogenesisofanother form
of vasculitis,Kawasaki disease.In this disorder,
the associationbetweenthe presenceofTSST-I
and activation of T cells, resulting in expansion
of TSST-I responsiveT cell subsetshas been
demonstrated. Thus, this SAg may deserve
further attention in the context of WG.

PART TWO: T cell activation in WG:
Associationwith super- ant autoantigens
T cells in ll/G are chronically activated
In WG the immune balance is disturbed
resulting in autoimmunity. Cellular, i.e. T cell
immunity is thought to play a role in the
pathology of the disorder, one of its important
tasks being to provide costimulatory help for the
production of ANCA. It is conceivable that
excessivestimulation of T cells, for example by
extemal factors such as bacterial agents, may
promote increased production of ANCA, thus
contributingto diseaseexacerbations.In chapter
5 we have investigated the activation status of
peripheral blood T cells from WG patients in
relation to diseaseactivity. Cellular and soluble
activation markers (CD25, sCD25 and HLADR) were assessedby FACS or ELISA.
We show that T cell activation, expressedas
the percentage of T cells expressing activation
markers, is significantly increased in WG
patients during both active diseaseand complete
remission,as comparedto healthy individuals.
Our findings suggest that a persisting
stimulatory factor may be responsible for the
chronic activation of T cells. We postulatethat
this factor may be a bacterial SAg.
The presence of SAg-positive S. aureus in l{G
is not associated with T cell expansions
Taking the postulate of the previous chapter as a
starting point, namely that staphylococcal SAg
may be responsiblefor persistentactivation ofT
cells in WG, in chapter 6 we investigatedthe
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first time in this study with the aim of obtaining
insight into the possible effects of these
autoantigensin vivo. Although both autoantigens
are localized in granules of polymorphonuclear
cells, they can be shed as a consequence of
activation or apoptosis of these cells. Apart from
their proteolytic and toxic activity, and from
induce production of
their ability to
autoantibodies (ANCA), it is conceivable that
PR3 and MPO may as well elicit cytokine
production by other cell types from the
peripheralblood.
We stimulatedperipheralblood mononuclear
cells from vasculitis patients with either PR3 or
MPO, as well as control stimuli. Both
autoantigensprovoked proliferation of CD4 T
cells from individual patients, but also from
healthy individuals, suggesting that, apart from
potential activation of autospecific T cells,
cross-reactionwith a-specific T cell subsets
takes place. Both autoantigens, but especially
PR3, induced a TH2 cytokine milieu,
characterizedby high production of IL-10 and
low production of IFN-y. Moreover, we also
detectedhigh productionoflL-6.
Building on in vivo and in vitro data
availableon the relationbetweenT cell function,
cytokine pattems and diseaseactivity in WG, we
speculatethat PR3 can act as a modulator of
cytokine milieu in vasculitispatientsand healthy
individuals. Under non-pathologic conditions
(i.e. in healthy individuals and quiescent
vasculitis patients), the effects of the proinflammatory cytokine IL-6, which is triggered
proteinase
und
The
3
autoantigens
by PR3, are counter-actedby IL-10, likewise
produced upon stimulation with PR3. In this
myeloperoxidase induce a Th2 cytokine milieu
and T cell proliferation in vitro
context PR3 is released in low amounts by
Whereas in the previous chapterswe addressed occasionalactivationof PMN. Under pathologic
the role of SAg, whose immunostimulatory conditions (patients with active PR3-ANCA
potential virtually equals that of mitogens, in
associatedvasculitis),strong activation of PMN
WG, in chapter 7 we focused our attention on
by a pro-inflammatory cy'tokine milieu, in
the potential of the WG-associatedautoantigens conjunctionwith the presenceof ANCA, results
proteinase3 (PR3) and myeloperoxidase(MPO)
in high release of PR3. Moreover, increased
to elicit T cell proliferation and cltokine
production of IL-6 by endothelialcells has been
production in vitro. T cell proliferationwas used documented during active disease.Furthermore,
as an indicator for the capacity of these
IL-10 production in active generalizedvasculitic
autoantigens to detect a population of
diseasewas shown to be significantly lower than
autoreactive T cells in the peripheral blood.
in localized vasculitic disease.Thus, it could be
proCytokine production in vivo after stimulation
autoimmune and
speculated that
with the autoantigens was investigated for the
inflammatory mechanisms,triggered by PR3 and

association between the presence of SAgpositive S. aureus and T cell expansionsin WG.
The interaction of a SAg with a T cell is
mediated by T cell receptor V-beta chains
encoded by particular V-beta gene families, and
results in proliferation of the respectiveT cell
subset.Thus, detection of T cell expansions,in
conjunction with the concomitant detection of
the corresponding SAg constitutes a strong
indication of T-cell stimulation by that specific
SAg. In a cross-sectionaland a longitudinal
study we measuredexpansionsof T cell subsets
expressingSAg-reactiveT cell receptor V-beta
chains by FACS and detected SAg genes in S
aureus strains by PCR.
present significantly more
Although
frequently than in healthy individuals, T cell
expansions were not associated with the
presenceofthe correspondingSAg. This finding
suggeststhat a factor other than SAg may cause
persistent T cell activation, observed in the
previous chapter. Moreover, this finding is
consistentwith that of chapter 4, in which we
showedthat, except for TSST-1, SAg were not a
risk factor for disease exacerbation in WG.
Unfortunately, in the present study only few
staphylococcal strains were positive for TSST-l
and thus it was not possible to investigatethe
relation between this particular SAg, T cell
expansionsand diseaseactivity in more detail.
I'his study suggeststhat a causal link between
staphylococcalSAg and T cell activationin WG
is either not presentor not detectable.
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supported by ANCA, cannot be sufficiently
counteracted
by IL-I0.

The autoantigensPR3 and MpO, which are
presentin the circulationof WG patients,elicit
moderateT cell stimulationand proliferationir
Outlook
vitro (chapter 7), suggestingthat the high
Although we were not able to confirm a link
numbersof activatedT cells that are detectable
betweenstaphylococcalSAg, T cell activation in vivo cannotbe exclusivelyaccountedfor by
and diseaseactivity in WG, we have raiseda autoantigenicstimulation. Cytokines that are
numberof questionswith regardto the role of
produced
by PBL invitro, uponstimulation
with
SAg andT cellsin thisformof vasculitis,
which the autoantigens
PR3 or MPO (chapter7) may
may deserve further investigation.We have be partly responsiblefor "bystander"T cell
shownthat amongstaphylococcal
SAg, TSST-l activationin vivo. Moreover,it is conceivable
is a risk factor for diseaseexacerbation
in WG that in vivo, complex interaction of various
(chapter4). Sincetreatment
of WG patientswith stimuli may skew the immunologic balance
co-trimoxazole
doesnot leadto eradicationofS.
towardsT cell activation.In this scenario,,S.
aureus (chapter3), new meansmay need to
aureus may play an important, though yet
sought for monitoring S. aureus strains unidentifiedrole. Chapter 8 offers an extensive
producingTSST-1.The mechanismby which overview over the possible directions
that
this particular SAg may aflect the course of
studiesinto the role of S. aureus in WG mav
diseaseremainsunknown,sincewe found that take.However,as hasbeensuggested
at various
the presenceof SAg is not associated
with points and places in this thesis, a major
activationandproliferation
ofperipheral
bloodT
challengefor future researchwill be to find out
cellsrn vlvo (chapter6). However,persistent
T
in how far studiesin patientswill be able to
cell activationis presentin WG patientswith provide the answers we seek concerning
WG, even during completeremission(chapter pathophysiologic
mechanisms
5). It remainsto be established
which triggers
are responsible
for persistent
T cell activation.

