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General introduction

1.  Autoimmunity and autoimmune disease

The main function of theimmune system is to defend the host againstinfections. Two integrated lines
of defense are activated upon infection with a microorganism. First, the innate (aspecific) immune
system, which is composed of certain cell populations (including neutrophils, macrophages, natural
killer (NK) cells), their (polymorphic) receptors for cellular ligands and soluble factors (e.g. chemokines,
cytokines, complement factors). Second, the adaptive (specific) immune system, which is initiated
in the lymph nodes and other peripheral lymphoid organs (e.g. spleen, Peyers’s patches) after
presentation of antigenic determinants or epitopes, recognized by hypervariable receptors on T-and
B lymphocytes, and which is driven to proliferation and maturation by co-stimulatory molecules and
lead to the secretion of e.g. immunoglobulins and cytokines (1;2). Diversity of the immune response
is generated by random mutations of the genes for T- and B-cell receptors and antibodies. Adaptive
immunity can clear most foreign antigens, either in soluble form or as part of microbes and establish
a state of long-lived protection resulting from immunological memory. Unfortunately, the same
adaptive immune system can generate memory responses against self-antigens, thus contributing
to pathological processes like autoimmune diseases (AID). These misdirected immune responses
are referred to as autoimmunity. Low degree of autoimmunity and autoreactive T cells per se are
a normal phenomenon and may possibly have a physiological role (3). Autoimmune diseases are
manifested when progression from “benign” autoimmunity to pathological autoimmunity occurs.
Recognition, activation and clonal expansion of autoreactive lymphocytes are crucial steps in the
pathogenesis of autoimmune diseases and depend on genetic (MHC as well as non-MHC genes)
and epigenetic factors. The trigger which leads to (over)reactivity of autoreactive T cells is usually
an infection or contact with macromolecules at the mucous membranes. Immunological tolerance
is the basic property of the immune system that provides for self/non-self discrimination in order
to protect the host from imbalance resulting in a reaction to self. Central tolerance is achieved by
clonal deletion of T cells bearing T- cell receptors (TCRs) with high affinity for self antigens expressed
in the thymus (Figure 1).
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Figure 1. Central tolerance: positive and negative selection in the thymus

This central tolerance is not 100% guaranteed. Autoreactive lymphocytes which escaped selection
in the central lymphoid organs, i.e. thymus and bone marrow, are present in the peripheral repertoire
but are kept under control by lack of or inappropriate contact with the autoantigen and by a number
of mechanisms that lead to peripheral tolerance. These mechanisms include anergy, phenotype
skewing or activation-induced cell death of autoreactive T lymphocytes (1;2). Other mechanisms
act through immature and/or tolerogenic dendritic cells as well as different types of regulatory
cells, of which regulatory T cells (Tregs) play a dominant role (4-7). Several hypotheses attempt to
explain the mechanisms by which tolerance can be broken, leading to self-reactivity. Infections can
promote autoimmune responses by inducing tissue inflammation and therefore through bystander
activation of autoreactive T cells or by promoting T-cell responses to microbial epitopes that cross-
react with self peptides (“molecular mimicry”). Infections can lead to induction of costimulatory
signals or may alter processing and expression of cryptic antigens, previously hidden from the thymic
selection process (2). Although many issues have to be elucidated concerning autoimmunity and
autotolerance, probably multiple overlapping pathways are operative in establishing, maintaining
and breaking autotolerance.

2.1. Juvenile Idiopathic Arthritis
Juvenile idiopathic arthritis (JIA) is the most common rheumatic disease in childhood, characterized

by early onset arthritis (before the age of 16) that persists in one or more joints for at least 6 weeks.
It is a heterogeneous group of chronic pediatric illnesses that share chronic joint inflammation
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and have striking differences in severity and outcome (8-10). In the past, two main classification
systems have been employed, i.e. the European League against Rheumatism (EULAR) criteria for
Juvenile Chronic Arthritis (JCA) (11) and the American College of Rheumatology (ACR) criteria for
Juvenile Rheumatoid Arthritis (JRA) (12;13). These criteria were not uniform, hampering meaningful
comparison between the groups, and this has lead to a taskforce of the International League of
Associations for Rheumatology (ILAR) to develop new classification and diagnosis criteria for the
idiopathic arthritides of childhood (14). The classification of different disease entities within the
spectrum of JIA was introduced and revised several times by this committee (15;16) to achieve
homogeneity within disease categories. Nowadays, JIA is divided in 7 subtypes based on clinical
symptoms during the first six months of disease according to inclusion and exclusion criteria (Table ).
Theincidence of JIA has varied according to the literature from 2 to 20 per 100.000, with a prevalence
of 16 to 150 per 100.000 (8). The etiology and pathogenesis of JIA are yet to be elucidated. However,
there is indirect evidence that T-cell dysregulation plays a key role in the onset and probably also
in the perpetuation of the disease (17;18). In this thesis children were studied with polyarticular JIA
(pJIA) and systemic JIA (sJIA) in whom the course of the disease was progressive and not responding
to available therapies.

Tablel.
ILAR classification of Juvenile Idiopathic Arthritis
JIA subtype Percentage of total
Systemic arthritis 10-15
Polyarthritis, rheumatoid factor negative 30
Polyarthritis, rheumatoid factor positive 3-5
Oligoarthritis  a. persistent 40

b. extended 20
Enthesitis-related arthritis 1-7
Psoriatic arthritis 7
Unclassified arthritis Undetermined

Adapted from Cassidy and Petty, 5" edition (8)

2.2. Current treatmentin JIA

Until now there is no cure available for JIA. In general the aim of treatment, that combines
antirheumatic drugs with physical and occupational therapy is straightforward, i.e. to try and
achieve remission (19) with normal growth and development in a child and to prevent damage
to the joints. The insights on medical treatment in JIA have changed during the last decade (10).
Although the medical treatment depends to a large extent on the subtype of JIA, improved disease
outcome has recently been achieved by early and aggressive immunosuppressive (combination)
treatment, instead of by a gradual add-on approach of medication in case of ongoing disease
activity. This approach is based on data obtained in RA patients (20;21). The prognosis for the
majority of patients with JIA has also improved due to advances in treatment modalities, including
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the use of sulphasalazine (22) methotrexate (23;24) and modulators of pro-inflammatory cytokines
and their receptors (25-28). Despite better treatment results, a considerable number of children
with polyarticular and systemic JIA remain refractory to therapy and have progressive disease with
destruction of the joints as a consequence (8). Current treatments have to be improved, studies on
the outcome in JIA show disappointing results with remissions ranging between 24 to 76% in 7 to
26 years of follow-up, depending on the onset type. Sustained drug free remissions are even harder
to achieve. In the majority of patients with polyarticular disease the disease is active during almost
two thirds of the follow-up (10;19;29-33). Disease progression will lead to destructive arthritis with
severe joint deformities, growth retardation, and disability. The patient’s health will further be
compromised by the cumulative toxicity of anti-rheumatic medication (32;34). Whereas disease-
and treatment- related mortality in JIA is now less than 1 % (8), the majority of deaths (65%) occur
in the systemic onset group of JIA. This grim prospect for patients with severe JIA and the need for
more effective treatments warrant experimental studies. Development of new curative strategies
that block the continuation of autoimmunity or terminate the auto-immunological process remains
a major challenge.

3.1. Background of autologous stem cell transplantation for children with severe JIA

It is thought that most AID are the consequence of a multifactorial process, mainly originating
from the interplay of genetic, environmental and hormonal factors. Although the etiology and
pathogenesis of JIA are not fully unraveled, there is convincing indirect evidence for a critical role
of multiple factors in the immunopathological process, i.e. (unknown) triggers and autoantigens,
possibly major histocompatibility complex (MHC) molecules, T cells (and their receptors, TCRs)
and accessory cells (antigen presenting cells (APC’s) such as macrophages and dendritic cells, and
fibroblast-like synoviocytes). T cells seem to play a crucial role in the onset and probably in the
continuation of juvenile arthritis (17;35). In the early stage of the disease, cellular infiltrate in the
synovia mainly consists of T lymphocytes (36). Also the cytokines detected locally are T-cell derived
(37-39). Studies with experimental arthritis and studies in children with a defective T-cell response
to heat shock proteins (HSP) have shown a progressive polyarticular course of the rheumatic disease
(40-42). The presentation of peptide antigens by susceptible human leucocyte antigen (HLA)
molecules might be involved in the pathogenesis of JIA by activating autoreactive T cells. HLA-
studies have not revealed strong and consistent associations in JIA as found in adult rheumatoid
arthritis (RA). HLA class | and class Il alleles are both associated with an increased risk to develop JIA.
Early-onset oligoarticular JIA in girls is related to the class | antigen HLA-A2. Persistent and extended
oligoarticular JIA are associated with class Il antigens HLA-DRB1*08 and HLA-DRB1*11, DQA1*04,
DQA1*05, and DQB1*04. Enthesitis-related JIA is associated with HLA-B27 (class 1) and the class II
antigens HLA-DRB1*01 and HLA-DQA1*0101. Systemic-onset JIA is related to HLA-DRB1*11 (43-
45). The genetic predisposition also includes certain polymorphisms of genes that are related to
cytokine production and chemokine receptors (46-48).
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An immunodysregulation of T cells together with APC’s, which are supposed to play a pivotal role
in the pathogenesis of JIA, may be redressed by an intensive course of immunosuppression and
stem cell rescue, as first proposed by Marmont for the treatment of systemic lupus erythematodes
(SLE) (49;50).This concept evolved from coincidental observations in patients with an autoimmune
disease, who received hematopoietic stem cell transplantation (SCT) for conventional indications.
The autoimmune disease also responded to the SCT (51) and the ensuing hypothesis of resetting
the T-cellular immunity by SCT was also tested extensively in animal studies, as described below.

3.2. Stem cell transplantation in experimental animal models of autoimmune disease
Experience with experimental animal models has been extensively reviewed (52;53). The animal
models of autoimmune disease are of two different types; either “spontaneous” or “induced” models,
i.e. either directly hereditary or with a genetic predisposition requiring environmental or external
induction of autoimmunity (52-56). It has been shown by lkehara et al. (57) and van Bekkum et
al.(58) in both animal models that allogeneic SCT resulted in relief of symptoms of autoimmune
diseases. These studies demonstrated that high-dose immunosuppressive therapy followed by the
development of a new, donor-derived, immune system might be a therapeutic option in AID. Of key
importance for the currently operative clinical protocols were the observations that improvement
of disease symptoms could also be obtained after (pseudo)autologous SCT in the induced model
of adjuvant arthritis (AA) (59). AA can be induced in susceptible Buffalo rats by intracutaneous
injection of Mycobacterium tuberculosis in incomplete Freund’s adjuvant. This causes a progressive
type of polyarthritis showing inflammatory proliferative synovitis, destruction of cartilage and
pannus formation, thus sharing characteristics with human Rheumatoid Arthritis (RA). Knaan
et al. (59) unexpectedly showed that established arthritis could be abrogated by syngeneic and
autologous SCT (ASCT) and with no recurrence of disease after rechallenge with infused T cells
of arthritic animals. The curative effect of ASCT was demonstrated in rats with induced AA and in
basic myelin protein induced experimental allergic encephalomyelitis (EAE) (60;61), as a model for
human multiple sclerosis. The success of ASCT in rats depended on the completeness of eradication
of antigen-specific activated and memory T cells in the graft and the host by T-cell depletion of the
graftand the conditioning regimen of the host, respectively (Figure 2). The best results were obtained
with supralethal doses of TBI or with a combination of lower doses of TBI and cyclophosphamide
(see Figure 2). A significant difference was observed in the percentage of maintained responses
between the groups treated with cyclophosphamide alone and those treated with a supralethal
dose of TBI or the combined regimen (62). Interestingly, reimmunization, used as a positive control
group, resulted in relapses in two of the 10 animals in the supralethal TBI group (Figure 2).

In contrast, if no T-cell depletion was performed, AID persisted in the recipient animals. These
experiments showed that “auto”-reactive T cells present in the graft may result in continuation of
the AID after ASCT, but that after stringent depletion of these cells curative effects similar to those
obtained after allogeneic SCT can be achieved after ASCT.

No animal model is available for JIA. Many lessons have been learned from these AA animal studies,
although extrapolation of these results to a heterogeneous disease as JIA is not obvious.
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Figure 2. Conditioning with various doses of cyclophosphamide and combinations of cyclophosphamide with

sublethal TBIin AA. Reprinted by permission from Macmillan Publishers Ltd: van Bekkum BMT 2000 (25), 357-364.

3.3. Allogeneic stem cell transplantation in patients with pre-existing autoimmune disease
Although hampered by a publication bias towards positive outcome, the information derived from
allogeneic SCT in coincidental AID has encouraged utilization of ASCT for primary AID in the mid
1990s. A large number of single case studies, small case series and reviews on this topic have been
published showing the outcome of coincidental AID in patients undergoing an allogeneic SCT for
conventional indications as malignancies and severe aplastic anemia (SAA). Allogeneic SCT resulted in
long-lasting remission of coincidental AID in many cases, but not in all (63-67). The greatest experience
is available in iatrogenic gold induced SAA, considered to be, at least in part, an autoimmune disease
itself. SAA has been treated successfully with allogeneic SCT for decades (68). In SAA patients,
sensitized by multiple blood transfusions, an intensive conditioning, i.e. a combination of low dose TBI
and cyclophosphamide, is needed to prevent rejection of the allograft (69;70).
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4. Rationale for autologous stem cell transplantation for children with severe JIA

Both the studies in animal models and human patients reported above indicated that intensive
myelo- and immunosuppressive therapy is capable of eradicating autoreactive T cells responsible
for AID. In animal studies, hemopoietic reconstitution by allogeneic or T-cell depleted ASCT has been
reported, without recurrence of the disease. In 1997, at the start of our study on ASCT in JIA, the very
first case reports were published. Despite the limitations of a short follow-up at that time, successful
results have been reported of ASCT for different AID (71-74). Although allogeneic SCT has been
followed by sustained complete remissions, the substantial risk of morbidity and mortality associated
with allogeneic SCT has sofar prohibited its application on a large scale in the treatment of patients
with AID. The choice for ASCT instead of allogeneic SCT was based on the following arguments:
First, in general the frequency and severity of complication after allogeneic SCT are higher than after
ASCT. The transplant related mortality (TRM) after allogeneic SCT is about 10-15%, compared to
about 2-3 % after ASCT in conventional settings (75-79). Second, after allogeneic SCT chronic graft
versus host (GVHD) may occur, which mimics AID in various aspects. Third, due to the use of higher
TBl doses in allogeneic SCT in order to prevent graft rejection, long-term irradiation-induced effects
on growth and gonads are more severe, which is especially relevant for children (80;81). Fourth,
convincing data from animal studies show that ASCT may be as effective as allogeneic SCT in curing
induced AID. After intensive therapy followed by rescue with autologous hematopoietic stem cells,
purged of potentially autoreactive mature T lymphocytes, precursor T lymphocytes will differentiate
and mature in the presence of the hypothetical autoantigen(s) and thus recognize the latter as“self".
This may redress the balance between functionally different T-cellular populations leading to the
“normal” non-autoreactive state.

5. Treatment protocols of the European Group for Blood and Bone marrow trans-
plantation (EBMT) for ASCT in AID.

In 1995 the European Group for Blood and Marrow transplantation (EBMT) and the European
League against Rheumatism (EULAR) developed guidelines for patient entry, source of transplant
and manipulation of the graft and conditioning regimens (82;83). Many follow-up reports have
been published since (84-87). At the start of our study only anecdotal patient data were available
with respect to ASCT in AID. To date, more than 1000 patients worldwide, including more than
100 children, with several AID have been transplanted (86;88;89). Overall outcome depends on
numerous variables, including type of autoimmune disease, disease severity, patient selection
criteria, treatment procedure, and time point of ASCT (the earlier in the disease process, the better).
Nowadays, phase I/Il trials have justified moving forwards to phase Ill comparative randomised
controlled studies, started within EBMT and international bone marrow transplant registry (IBMTR),
for instance ASTIMS trial for multiple sclerosis (90), ASTIS trial for systemic sclerosis (91).
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6.1. Our prospective study

For developing a study protocol, several issues had to be addressed regarding stem cell collection, T-
cell depletion of the graft, composition of conditioning regimen, and patient selection. The starting
point was that two conditions have to be fulfilled in order for ASCT to be possibly effective, i.e. the
conditioning has to wipe out the (dysfunctional) memory T cells and the reinfused hemopoietic
stem cell suspension has to be purged from mature “memory”T cells (92). In order to achieve these
goals, the developed protocol included an immunosuppressive pre-treatment, for ablation of
(autoreactive) T-cellular memory in the host, and elimination to a certain degree of mature T cells in
the graft, in order to avoid reinfusion of a large number of autoreactive T cells (Table Il) (62;93).

Table II. Conditioning scheme and TCD of the graft

Days from ASCT
9| 8|-7|-6|-5|-4|3|2]a]odo0

Antithymocyte globulin X X X X

(cumulative dose 20 mg/kg)

Cyclophosphamide X X X X

(cumulative dose 200 mg/kg)

Total body irradiation X
(single fraction 4 Gy)
TCD-ASCT X
(CD34 2-4 x 10%/kg, CD3=1 x 10°/kg)

6.2. Conditioning regimen

The chosen lymphoablative conditioning regimen consisted of high dose cyclophosphamide,
antithymocyte globulin and low to medium dose total body irradiation (TBI). This was based
on experiences in the AA animal models and our previous experience with exactly the same
conditioning regimen used in transfusion-sensitized children with SAA (69;92). The aim is to
eradicate activated “memory”T cells. The characteristics of these cells and their sensitivity to various
cytotoxic drugs are poorly defined. There are, however, some animal data suggesting differences
between cyclophosphamide and irradiation in targeting memory T cells (62;94). High dose
cyclophosphamide as a sole conditioning agent in AA resulted in higher percentages of relapses,
compared to combination therapy with TBI (59;62). From the start of ASCT in AID, discussions took
place about the optimal conditioning regimen for AID, including for JIA. A matter of debate was
and still is whether or not to include low to medium dose TBI in the pre-treatment, because of
concerns of the late effects, such as development of secondary malignancies, cataract and growth
retardation (95-97). To what extent TBI itself, or the combination with immunosuppressive drugs
used for ASCT in AID and/or disease related risks concerning DNA damage/repair after TBI can result
in a higher incidence of secondary malignancies is not known (98). In our experience long term
follow-up of SAA patients did neither show an adverse effect on physical growth, nor on normal
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pubertal development, and sofar no secondary malignancies were observed. Boys had a somewhat
decreased testicular volume indicating germ cell damage (81;92). Alternatively, pre-treatment for
SCT containing only cyclophosphamide, was found to be associated with an increased frequency of
secondary malignancies in the course of time (99;100).

6.3. T-cell depletion of the graft

First the bone marrow graft was depleted of mature T cells by two different methods, either by
negative selection of T cells byimmunorosette-sedimentation conditions using specific monoclonals
(anti-CD2 and anti-CD3) coupled to autologous red blood cells, or by positive CD34+ selection by
CliniMACS (Miltenyi Biotec, Munich, Germany)(101). Since infections after ASCT and the possible risk
of macrophage activation syndrome (MAS) (see section 6.4)(102) seemed to be correlated with the
extent of T-cell depletion, it was decided in the course of the study to restrict T-cell depletion of the
graft to theimmunorosetting technique in order for the graft to contain between 1and 5x 10°T cells/
kg. This amount of T cells in the graft was previously shown in animal experiments not to interfere
with the immune-abrogative effect of the pre-treatment (see further) (103). Purification of the graft
by CD34+ selection yielded about <1x 10* T-cells/kg, and was therefore no longer applied.

6.4. Unexpected TRM: lethal macrophage activation syndrome (MAS)

The TRM rate after ASCT in JIA and other AID turned out to be higher than initially anticipated (1-
3%) (79;104;105). In reality an overall 9% TRM was observed in AID (104). Two out of 22 children,
both suffering from systemic JIA died in May 1999 of MAS (106-108), one in the Utrecht pediatric
department; the other in the Leiden pediatric department, possibly induced by EBV reactivation and
S. epidermidis bacteraemia, respectively (102). This resulted in an unacceptable TRM of 9 % (109). In
the same period another patient with systemic JIA died of MAS 17 days post transplantation, in the
Hoépital Necker-Enfants Malades, Paris, possibly as a result of toxoplasmosis (110). MAS is a rare and
potentially life- threatening complication of chronic rheumatic diseases of childhood, in particular
of systemic-onset JIA. MAS has often been related to viral infections (i.e. EBV, CMV) or induced by
drugs such as sulphasalazine, methotrexate and fludarabin (111-114). The onset is mostly acute
and may mimic a flare of the disease or a severe sepsis. MAS is clinically characterized by fever,
hepatosplenomegaly, lymphoadenopathy, profound depression of all three major blood cell
lines, deranged liver function, intravascular coagulation, and central nervous system dysfunction.
It is thought to be caused by the activation and uncontrolled proliferation of T lymphocytes and
macrophages, resulting in an unrestricted release of inflammatory cytokines (111;115-117).
Laboratory data show pancytopenia, coagulopathy, low ESR, low concentrations of serum albumin,
and high levels of ferritin, liver enzymes and triglycerides. Activated macrophages are found in
various organs, particularly in bone marrow. Diagnosis is difficult, especially in an ASCT setting
during pancytopenia, as was the case in one of our patients. Most hypotheses on the mechanism
underlying MAS are based on observations in primary hemophagocytic lymphohistiocytosis (HLH),
a genetic disease very similar to MAS, including decreased NK cell activity and decreased perforin
expression in cytotoxic cells (118-120). Prompt diagnosis, and differentiation from sepsis, is essential
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for outcome; prognosis is highly related to early specific treatment. Treatment consists mainly of

intravenous methylprednisolon pulses and cyclosporine A (111).

After lethal MAS following ASCT, changes in strategy for further transplantations were discussed

by the participating centers at the EULAR conference, Glasgow June 1999 and in Leiden July 1999.

Circumstantial evidence pointed to a possible contributing role of the following variables:

- The subtype of JIA, i.e. systemic JIA (present in three cases)

- Signs and symptoms of systemic activity at the time of ASCT i.e. spiking fever, rash (present in
3 cases)

- Very stringent T- cell depletion of the graft by CD34 positive selection, in contrast to a less
rigorous T-cell depletion by the immunorosetting technique (present in 3 cases).

The combination of these conditions might have lead to the occurrence of MAS, following an

infectious episode. The idea was that a too rigorous T-cell depletion, leaving 'no regulatory’T- cells

in the graft for sJIA patients, susceptible for MAS (111), resulted in uncontrollable activation of
macrophages following infection, leading to hemophagocytosis.

An international consensus was reached with respect to the transplant procedure and the

surveillance after ASCT, resulting in an amended protocol for ASCT. It was decided to continue the

study, applying more stringent inclusion criteria for sJIA patients, using additional parameters for
surveillance after ASCT and indicating when and how to intervene for imminent MAS:

- Patients with active systemic disease (fever, rash), that cannot be controlled by steroids are
excluded from the study.

- T-cell depletion is restricted to the immunorosetting technique, in order for the graft to contain
at least between 1 and 5 x 10°T cells/kg (see section 6.3 T-cell depletion of the graft).

- Virological monitoring with RT-PCR methods from admission onwards until specific immunity
is sufficiently recovered. Prophylaxis in each patient with (val)aciclovir may be considered,
although this only gives a restricted antiviral coverage.

- Careful monitoring for emerging MAS and preemptive treatment for imminent MAS: in case
of imminent MAS, i.e. spiking fever 239° Celsius for 48 hours, besides taking blood cultures and
performing additional investigations, start with methylprednisolon and ciclosporin A.

From 1999 onwards, 11 children (10 with sJIA) were treated with ASCT according to the amended

protocol and no more MAS cases occurred.

Aims and outline of this thesis

This study was designed to evaluate the feasibility, efficacy, tolerability and safety of an immuno-
ablative conditioning regimen followed by a T-cell depleted autologous stem cell reinfusion in
severe JIA patients.

This thesis can be divided in two parts. In the first part the clinical results and outcome after ASCT
for JIA are described.
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In chapter 2 we investigated in a prospective phase I/Il study the feasibility, efficacy and safety
and long-term outcome (with a follow-up of at least 4 years) of ASCT for JIA with application of an
immunoablative pretreatment in 22 patients admitted in three different centers.

Chapter 3 is the report of a retrospective study showing the results of ASCT in 34 JIA patients from
nine different European transplantation centers, obtained from the EBMT registry data, comparing
3 different conditioning regimens.

Chapter 4 describes the effects of conditioning on the composition of the cellular infiltrates and on
the expression of proinflammatory cytokines in the synovial tissue in relation to the clinical status
after ASCT.

The subject of chapter 5 is the macrophage activation syndrome (MAS), which was an unexpected
lethal complication early after ASCT for JIA and lead to an amendment of the study protocol. Here
a case report of a boy with systemic JIA, treated with ASCT and suffering from lethal MAS as a
transplant-related complication, is described.

The potential effect of ASCT in autoimmune diseases is thought to be the result of eradication
of immunological memory by the immunoablative pre-treatment, and resetting of the adaptive
immunity after T-cell depleted ASCT. This hypothesis can only be studied indirectly, using test
antigens, because the exact nature of the eliciting antigens in autoimmune diseases is unknown.
Therefore, in the second part of this thesis we studied the effect of theimmunoablative conditioning
on antigen specific humoral and cellular immune responses to a neoantigen rabies and a recall
antigen tetanus, described in chapter 7.

As no data were available concerning the humoral (antigen specific immunoglobulin isotypes,
IgG subclasses, avidity maturation) and cellular (antigen specific in vitro proliferation) immune
response to a primary vaccination and a secondary/booster vaccination with the neoantigen rabies,
we conducted a study, chapter 6, to obtain reference values of the anti-rabies specific immune
responses in healthy adults.

A summary and general discussion is presented in chapter 8.
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