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Chapter 7 

The goal of this thesis was to further unravel the mechanisms that lead to inflammation in mouse 

models of Inflammatory Bowel Disease (IBD). The majority of the work presented here dealt 

with defining which specific pathways are essential for colitis development. In addition. Chapter 

5 describes an observation of the reciprocal influence of colitis and thymic development in mouse 

colitis models. 

Novel murine inflammatory pathways as future clinical targets 

Inspired by findings in basic immunology and other immunologically mediated disease models, 

we have addressed which pathways contributed to disease development in experimental colitis. 

Simpson et al. had previously shown in our lab that colitis in two chronic models depended on 

the ability of CD4' helper T (TH) cells to polarize to an interferon-y (IFN-y) and TNF producing 

'THI ' phenotype, a process largely dependent on interleukin 12 (IL-12)1. The goals set after these 

groundbreaking findings were twofold. IFN-y being redundant in murine colitis, one goal was to 

explore the mechanisms by which Tul cells caused pathology. Secondly, in the absence of IL-12 

approximately 20-30% of TH cells displayed a Tul phenotype, suggesting there were other 

factors influencing Tul polarization. 

To answer the question how THI cells mediated pathology, two cytotoxic mechanisms were 

studied because both Tn and CD8' killer T cells displayed cytotoxicity in the BM—»tgs26 model. 

However, the absence of Fas-L on T cells did not influence disease outcome in vivo, and although 

perforin-deficient T cells caused less disease this was unlikely to be due to impaired Tn cell 

activation. A third apoptosis inducing mechanism, namely TNF expressed by THI cells, also 

turned out to be redundant in the BM—»tge26 model (Chapter 1). Therefore we concluded that 

THI cell mediated cytotoxicity is redundant for the induction of chronic experimental colitis. 

Another pathway believed to be important for the activation of antigen-presenting cells (APCs) 

by TH1 cells was CD154-CD40. By using both CD 154" T cells and anti-CD 154 antibody 

treatment, we observed a moderate disease reduction when this pathway was blocked. Clinically 

more interesting, anti-CD 154 treatment of mice with established colitis was still able to slow-

disease progression. This makes CD 154 a promising target to be studied in clinical trials. 
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The third pathway we studied was a family of co-receptors that were believed to be essential for 

THI cell activation in many other autoimmune models. In contrast to these other models, we 

hardly observed any reduction in disease when using CD28"" Tul cells. Likewise, blocking ICOS 

had no measurable effect at all. Only blocking ICOS on CD28" TH1 cells significantly impaired 

the induction of disease. However, these pathways are unlikely clinical targets because regulatory 

T (TR) cells were more impaired than THI cells (see below). 

Finally, we studied the role of the re-discovered cytokine MIF. Although important in the 

pathogenesis of septic shock, nobody had studied this cytokine in the induction of colitis or any 

other autoimmune disease. We found that not only were MIF"" mice less susceptible to colitis, an 

anti-MIF blocking antibody was also able to abrogate disease progression when started after the 

onset of colitis. This made anti-MIF the most potent blocking reagent we have tested to date. 

Thus, these combined findings implicated two pro-inflammatory pathways that are necessary for 

the development of colitis, namely CD154 and MIF. Whereas CD154 could be one of the 

alternatives to IFN-y, we did not identify which factor drove TH1 polarization in the absence of 

IL-12 because anti-MIF seemed to exert its function partly through suppressing IL-12 production. 

It is possible that IL-18 or as of yet poorly described IL-12 homologues such as IL-23 fulfill this 

role2. Both CD 154 and MIF may become targets for drug development in the near future whereas 

neither Fas-L, CD28 nor ICOS showed any effect when blocked alone in vivo. 

Targeting pathways specifically on T//1 cells 

Apart from having assessed the effects of blocking CD28 and ICOS on TH1 cells, we made a 

potentially more interesting observation in Chapter 4. It turned out that CD28, which had always 

been thought to be the key costimulatory receptor on aggressor T cells, was much more important 

and indispensable for the functioning of TR cells. A similar finding had been made recently in the 

diabetic NOD mouse, which developed more disease when bred to the B7-deficient background3. 

It is hard to predict which immunological pathways studied to date are predominantly important 

for the activation of Tul or TR cells. However, we now understand one more reason why some 
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immunosuppressive reagents may actually exacerbate disease. Furthermore, by specifically 

addressing this question in future animal studies much unnecessary time and effort can be saved 

when defining new immunological drug targets. 

Roles of different leukocyte subsets in experimental colitis 

As postulated in the introduction, we believe that experimental colitis results from a pro

inflammatory cascade in which APCs, most likely dendritic cells, activate Tul cells that in turn 

activate other APCs. Even though the issue of T cell activation by APCs has not been studied in 

this thesis, several conclusions can be drawn on the roles of different leukocyte subsets. First, 

cytokines produced by Tul cells seem to be redundant. This was shown for IFN-y, TNF and 

lymphotoxin (LT)-a (Chapter I)1-4. Second, pro-inflammatory cytokines and mediators are 

predominantly produced by innate immune cells. Although we could not specifically say which 

subset of the innate immune system was responsible for M1F production in colitis, our chimera 

experiments suggested that macrophages were the predominant M1F producers. 

Based on our findings as well as findings in the literature, it now seems that TH1 cells mediate 

their pathology predominantly by membrane bound pro-inflammatory receptors. With these 

receptors, they activate APCs, most likely macrophages, to produce an array of pro-inflammatory 

mediators such as MIF, 1L-6, IL-18, nitric oxide and others. 

Reciprocal influence of disease and thymic development 

It has long been accepted that impaired thymic development can influence the occurrence of 

autoimmune disease. Our observations in Chapter 5 open the intriguing possibility that there is a 

feed-back mechanism from colitis on thymic development. Although we cannot specify which 

factor was responsible for the involution and destruction of the thymus in adult transplanted 

BM->tge26 mice, there are several possibilities. Steroids have long been known to destroy 

double positive (DP) thymocytes even at low concentrations achieved during stress5. These could 

be steroids produced by thymic epithelial cells because no systemic steroid levels correlated with 

DP depletion in a graft-vs-host model6. Other factors released by the severe bowel inflammation, 

e.g. pro-inflammatory cytokines, could be responsible for the observed DP depletion. We have 

only tested serum TNF levels which did not correlate with DP depletion, but LTa levels in serum 
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were found to correlate in the above mentioned graft-vs-host model6. In addition to these 

possibilities, we detected activated IFN-y- and TNF-producing Tul cells in the thymus of sick 

BM->tgs26 mice. Although the functional importance of this observation remains to be further 

investigated, we speculate that the uncontrolled activation of TH cells in the CD45RBhl transfer 

model causes an autoimmune attack on the thymus itself. 

Irrespective of the underlying mechanisms it is not clear what the practical implications of these 

observations are. We have not been able to determine whether the destruction specifically impairs 

thymic development of naive TH cells, TR cells or both. Depletion of naive TH cells may be a 

mechanism to slow down export of recurring waves that will take part in inflammation, i.e. a way 

to prevent uncontrolled inflammation. If TR cell development were to be preferentially impaired, 

this could have practical implications for the immunological homeostasis, and even be one 

explanation for the enigmatic flare-ups in IBD. 

FUTURE DIRECTIONS: where to go next? 

In the short term, further refining our understanding which cytokines and receptors influence 

leukocyte activation will likely lead to novel immunosuppressive therapies for IBD. As noted, 

blocking reagents against MIF, IL-6, IL-12, IL-18, CD 154 and undoubtedly many others may 

become tools for dampening the immune response. These may be used as alternatives to or in 

conjunction with current medications such as classical immunosuppressives or the novel anti-

TNF infliximab. 

In order to find more lasting therapies, other strategies will need to be investigated. The most 

promising of these approaches will likely involve the manipulation of TR cell development and 

functioning. One way to influence disease could be to enhance TR cell activation. As discussed in 

Chapter 1, two receptors have been identified that form attractive targets, namely GITR and 

OX40L. It is possible that blocking these receptor pathways will keep TR cells constitutively 

activated, thereby preventing relapses in IBD. A second way could be to selectively expand TR 

cells from IBD patients in vitro and suppress their disease by autologous TR cell transplant. 

Alternatively, allotransplanted TR cells also have the potential of down regulating inflammation 

because they are potent suppressors of mixed lymphocyte reactions in vitro and experimental 
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graft-vs.-host disease in vivo. In the longer term, a third approach could involve the manipulation 

of TR cell development. Because they seem to originate in the thymus as a separate lineage, 

factors that influence this development may not only determine a person's susceptibility for 

autoimmune diseases but also be a target for early prevention or manipulation. 

With last year's discovery of the first Crohn's susceptibility gene, nodi, a new era has started in 

further understanding the basis of this disease. The observation that most carriers of mutated 

NOD2 do not suffer from Crohn's disease emphasizes that multiple factors are involved in the 

pathogenesis of IBD. Whether other genes or environmental factors such as preceding infections 

or resident microbes are the missing pieces of the puzzle should be the main focus of future IBD 

research. Only understanding all factors will allow us to find a permanent cure for these severely 

disabling disorders. 
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