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This thesis focuses on various strategies towards disease control in IBD; new treatment tar-
gets, working mechanism of established therapies, side effects and future therapy. A better
understanding of disease pathology and the working mechanism of IBD therapy, could help
to find new treatment targets, disease markers and novel therapies. Also, this would allow
the selection of patients for a certain therapy based on genotype or phenotype.

An overview of a selection strategy based on disease phenotype is provided in chapter two.
It has been shown that patients with young age at onset of disease, presence of perianal dis-
ease, stricturing disease and initial need for corticosteroids have a high risk at developing a
complicated disease course. In addition, CD typically evolves from an inflammatory disease
to a fibrotic disease. At this stage, the disease is difficult to treat and response rates to vari-
ous therapies, among which anti-TNF, are lower than in patients with recently diagnosed
disease. It is suggested that patients with a high risk of developing complicated disease
would particularly benefit from a “top-down” approach. Importantly, side effects need to be
weighed against the benefits, and strong genetic or phenotypic factors in order to predict
disease course, therapeutic response and risk of side effects are still lacking but would be
highly valuable.

A new role for autophagy in CD pathogenesis: clinical implications

Since autophagy has been described as a degradation mechanism, »2 many studies on the
role of autophagy in CD pathogenesis focused on its role in the clearance of pathogens. 35 A
defect in the autophagy pathway could lead to impaired clearance of intracellular organisms,
and in that way contribute to uncontrolled microbial expansion and excessive immunity.
Likely, these mechanisms contribute to disease pathogenesis, but the results described in
chapter three provide new insight into the role of autophagy in the absence of pathogens.
We found that autophagy is important in the breakdown of the immunological synapse, and
in that way identified a role of autophagy in tolerance and immunity in general. Importantly,
we also confirmed these findings in patients carrying the autophagy SNP, and these data
may explain the aberrant immune response observed in these patients. The identification
of a new role for autophagy in the pathogenesis of CD may provide new therapeutic tar-
gets in patients carrying this SNP. Interestingly, azathioprine has been described to sup-
press APC-T cell interactions, ¢ and therefore patients carrying the autophagy risk allele
may benefit from azathioprine therapy in particular. In addition, other autophagy inducing
drugs may be effective in this specific patient group, such as rapamycin, which inhibits
mammalian target of rapamycin (mTOR) and thereby induces autophagy. Indeed, two case
reports show an impressive effect of this drug, 72 but this has not been tested in patients
with the risk allele specifically. In addition, the efficacy of this drug has not been evaluated
in clinical trials. Yet, selecting patients based on genotype for a certain therapy might be a
promising future strategy.
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Relevance of M¢2 induction and future implications

In chapter four we describe the Fc region dependent induction of regulatory macrophages in
vitro by anti-TNF antibodies and we further show their immunosuppressive features. Both
the presence of monocytes and T cells was required in order to induce M¢2. Interestingly,
this induction was only observed when mixed lymphocyte reaction cultures were treated
with agents that have the ability to bind to mTNF and have an Fc region to interact with Fc
receptors. Anti-TNF agents that do not bind to mTNF (etanercept, onercept) and anti-TNF
agents that do not interact with Fc receptors (certolizumab, CDP571) did not induce M¢2 in
vitro. These agents are also the ones that failed to show efficacy in clinical practice, and it is
tempting to speculate that the induction of M¢2 is crucial in this process.

Mucosal healing is nowadays an important treatment goal, since it has been shown that
mucosal healing is associated with less surgery, less hospitalization, less corticosteroid
use and improved quality of life. 9" The factors that contribute to mucosal healing are not
completely understood, but the role of regulatory macrophages (M¢2) in wound healing
in general has been extensively studied before. > Next to wound healing properties, M¢2
have immunosuppressive effects. They produce mainly anti-inflammatory cytokines, 4 have
minor ability to respond to bacterial stimuli,  and inhibit proliferation of activated T cells.
Since IBD is thought to result from loss of tolerance towards the mucosal environment, the
induction of this cell type might be of particular interest in restoring the balance and induc-
ing mucosal healing. Indeed, decreased numbers of this cell type are found in the mucosa
of IBD patients. 7 Since the successful introduction of anti-TNF agents during the late ‘9os
in terms of mucosal healing and improved quality of life, ®2* much research has focused on
the mechanisms of action to elucidate factors involved in mucosal healing. In addition, the
inefficacy of several anti-TNF agents in the clinic suggested that neutralization of TNFo was
not the most important aspect.

In chapter five, we confirmed the induction of M2 in vivo and showed that patients respond-
ing to infliximab therapy have increased numbers of CD206+/CDG68+ cells after 4 weeks of
induction therapy compared to baseline. Since we used endoscopic and histologic healing as
a definition of response, these data suggest that the induction of M¢2 may be important in
the process of mucosal healing. Also, we demonstrated the wound healing capacity in vitro,
which further suggests a critical role of this cell type in mucosal healing.

The induction of M¢2 by anti-TNFa antibodies provides a model which helps to elucidate
several other features related to anti-TNF treatment. Not only may this hypothesis help to
explain why certain anti-TNF agents have not succeeded in clinical practice, also the supe-
riority of infliximab/azathioprine combination treatment observed in the clinic in terms of
remission induction and maintenance and mucosal healing *> may be explained. The results
obtained with combination treatment in the clinic correlate properly with the results we
observed in vitro. We found increased numbers of M¢2 upon combination treatment, and
interestingly, these macrophages also displayed stronger immunosuppressive properties.
In addition, this hypothesis may help to resolve several side effect issues, for instance the
increased risk of tuberculosis which is observed with anti-TNF antibodies. 224 Remarkably,
this increased risk is only observed with the anti-TNF antibodies, and not with the soluble
TNF receptor etanercept, both in human * and in mice. 2¢ It has been shown that mycobac-
teria like M. tuberculosis bind stronger to M¢2 than M¢1, 7 and that the mannose receptor
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CD206 plays a role in the phagocytosis of M. tuberculosis. 2 Interestingly, we only found an
induction of M¢2 only in the conditions treated with anti-TNF antibodies, and in addition
we observed an upregulation of CD206 on these induced cells. The results we obtained in
vitro fit properly with the observations in vivo, and insight into these mechanisms provides
new opportunities to challenge this problem in the future.

The immunosuppressive effect of M¢2 is probably mediated by a soluble factor, as we
observe strong dose-dependent inhibition of T cell proliferation when we culture T cells
with M¢2-conditioned medium (data not shown). However, we did not find wound-heal-
ing effects of M¢2-conditioned medium (data not shown) and this might suggest that the
immunosuppressive properties and wound healing properties of M¢2 are mediated by dis-
tinct factors. Therefore, the exact mechanisms that underlie M¢2-induced effects are yet
to be defined, but likely both soluble factors and cell-cell interactions are involved in the
various processes. IL-10 has been proposed as a responsible factor in M¢$2-induced ame-
lioration of colonic disease in mice, 7 but it is less likely that IL-10 is the key factor leading
to the results we observed in vitro. In our hands, M¢2 mainly produce large amounts of
IL-10 in response to LPS, but we observed strong immunosuppressive and wound healing
properties in the absence this stimulus. Therefore, we think that IL-10 may contribute to
the effects, but is unlikely to be the key mediator. Several other factors have been described
in the literature, including the induction of Treg, 2° but this mechanism was not involved in
our in vitro experiments.

We found that patients that do not respond to infliximab therapy have lower amounts of
M¢2 at baseline, and it is possible that these patients have a defect in the differentiation
or the recruitment of M¢z2. Identifying factors involved in this defect and M¢2 differentia-
tion in general would allow the selection of patients for a certain therapeutic strategy. A
recent paper showed that UC patients with high IL13Ra2 expression at baseline, show poor
response to infliximab therapy. 3° IL13Ra2 has been described to function as a decoy recep-
tor, and thereby prevents proper IL-13 signaling. 3* Interestingly, IL-13 in combination with
IL-4 is a known inducer of regulatory macrophages, 3> 3 and disturbed IL-13 signaling might
therefore result in reduced induction of regulatory macrophages.

It would be of great value to identify the factors that are responsible for the induction and
function of M¢2, since this would facilitate the identification of a marker that reflects dis-
ease severity and therapy efficacy. In addition, the identification of responsible factors would
possibly provide new treatment targets.

The findings described in chapter 4 and 5 may have further implications. The idea that bind-
ing to Fc receptors is a critical step in the induction of M¢2 suggests that the generation of
an anti-TNF antibody with stronger affinity to the Fc receptor might have enhanced efficacy.
Indeed, antibodies with higher affinity to Fc receptors have been developed in other fields
of medicine in order to augment efficacy, 3+ 3 and this approach may be promising in the
development of new therapies with greater efficacy for the treatment of IBD as well.
Although the introduction of anti-TNF agents was an important development in the treat-
ment of IBD, about 30% do not respond to this therapy, and about 30% lose response after
a certain period of time. Because side effects and occasionally limited efficacy are still obsta-
cles in the treatment of IBD, there is need for new therapies with less toxicity and higher
efficacy. Mesenchymals stem cells (MSCs) are multipotential nonhematopoetic progenitor
cells that can be isolated from various tissues, including the bone marrow. Like M¢2, MSCs
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have immunomodulatory 3% % and wound healing 3¥+4° properties. Several mechanisms have
been suggested that may be involved in these processes, including cell-cell dependent mech-
anisms as well as soluble factors. Interestingly, it has been described that MSCs are able
to induce M¢2. +4 Because of their wound healing and immunomodulatory properties,
these cells are of particular interest in various fields of medicine, including in the treatment
of IBD. In chapter six we described the treatment of CD patients with autologous MSC
in a Phase I trial. Importantly, MSCs from CD patients showed the same characteristics
and immunomodulatory properties as MSCs from healthy controls. No serious side effects
were reported during the study period, and a clinical response was observed in 3 patients; 3
patients needed surgery. Since all patients had severe refractory disease, it is complicated to
speculate on efficacy. MSCs seem to have high potential to serve as an efficacious cell based
therapy in IBD, and currently numerous studies are underway to further evaluate this.

Side effects and risk profiles: current therapy and future implications

As mentioned before, the drugs used for the treatment of IBD are not without risk. There-
fore, a better understanding of the mechanism of action of IBD drugs enables the identifi-
cation of factors leading to side effects. In addition, a careful evaluation of side effects and
defining specific risk groups is important to limit side effects as much as possible. Cancer,
and especially lymphoma, is a long-standing concern in patients treated with immunosup-
pressive agents.

In chapter seven we aimed to assess the risk of lymphoma in IBD patients and to find
specific patient groups at risk. Also, we investigated whether we could establish an associa-
tion between azathioprine use and lymphoma. In this retrospective, nation-wide study, we
observed 44 lymphomas in a cohort of approximately 18000 IBD patients. Compared to
lymphoma risk in the general population, the risk of lymphoma in IBD patients was not
increased in this study. However, a clear increased risk was observed in patients in the age
groups 35 — 39 and 45 — 49 and a significant correlation was found between thiopurine use
and the development of EBV* lymphoma. None of the 44 cases used anti-TNF agents, but
it is risky to draw any conclusions from that observation since this study was not designed
to specifically study lymphoma risk in anti-TNF treated patients. Our data are in line with
other population-based studies, 447 but in contrast to data from a meta-analysis 4 and a
recent prospective study. 4 Discrepancies in outcome may result from differences in patient
recruitment, study design and a different lymphoma incidence in the general population.
The latter determines the calculated expected number and in that way the relative risk.
Nevertheless, it has been estimated that only a ten-fold increased risk would outweigh the
benefit of thiopurine treatment, 5° so although a slightly increased risk is found in some
studies, this would still have limited clinical implications. On the other hand, since it
appears that particularly patients < 50 years have an increased risk, and patients with young
onset of disease more often require intensive therapy, watchfulness is warranted in this
vulnerable group. It is yet unknown why younger patients might have an increased risk,
and which factors may be involved. In addition, it remains to be determined to what extent
disease severity and disease duration contribute to lymphoma development, or whether this
simply results from immunosuppression in general, or azathioprine in particular. Other
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aspects like medication dose, therapy duration, and disease-related factors like disease loca-
tion and age at onset of disease also may play a role. Although our study involved approxi-
mately 18000 IBD patients in the Netherlands, the relative small number of 44 lymphomas
does not provide the power which is needed to calculate the contribution of these specific
factors. This would further allow the stratification of patients for a certain therapy, especially
with regard to side effects.

In summary, the studies described in this thesis provide new insight into our current knowl-
edge of IBD therapy. Increasing knowledge of the working mechanism of anti-TNF agents,
safety profiles, cell-based therapy and the identification of new possible drug targets, could
eventually lead to personalized treatment with higher efficacy and less toxicity.
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