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SUMMARY 
 
Multiple Sclerosis (MS) is an inflammatory disease of the central nervous system (CNS) 
that is characterized by demyelination and axonal damage. It is one of the most common 
neurological disorders among young adults. MS causes serious physical disabilities 
together with cognitive impairment, which highly affect the quality of life. The most 
common form of MS pathologically presents itself with a massive migration of leukocytes 
from the bloodstream into the CNS facilitated by functional disturbances of the blood-
brain barrier. These infiltrated cells, together with activated resident cells of the CNS, 
damage the insulating myelin sheath of the axons and are responsible for the serious 
disabling symptoms in MS patients.  

Unfortunately, up to now, no preventive or curing treatment is available and MS 
therapy traditionally applies general anti-inflammatory treatment. In recent years a more 
specific approach has been applied, that targets the influx of CNS infiltrating lymphocytes. 
With this goal in mind, detailed understanding of the cell types and mechanisms involved 
in the pathogenesis of MS is of crucial importance to develop new therapeutic agents, 
with possibly less side effects. Previous research has shown that monocytes and/or 
macrophages have detrimental influence in the early stage of MS pathogenesis and in its 
animal model experimental autoimmune encephalomyelitis (EAE). Besides, they constitute 
the majority of infiltrated immune cells in the CNS lesions. Thus far, 
monocytes/macrophages are not specifically targeted by therapeutic drugs available in 
MS. To obtain more knowledge on the pathogenesis of MS, research is often done with 
experimental models, mimicking certain aspects of the disease. In this thesis we used EAE 
models in rodents, which are the most commonly used models for studying 
neuroinflammatory processes as present in MS pathology. 

Tissue Transglutaminase (TG2) is a multifunctional enzyme of the 
Transglutaminase family. It is best known for its enzymatic protein cross-linking activity 
but additionally exhibits various other enzymatic functions including GTPase, disulfide 
isomerase and protein kinase activity as well as enzymatic independent functions. TG2 is 
associated with important functions in both physiological and pathological conditions and 
is ubiquitously expressed in many cell types, including monocytes and macrophages. The 
enzyme is predominantly present in the cytoplasm, but has also been found in the 
nucleus, mitochondria, endoplasmic reticulum, on the cell surface and extracellularly in 
the extracellular matrix (ECM). Increased TG2 expression and transamidation activity is 
often observed under inflammatory conditions and TG2 can contribute to many 
fundamental processes, including cellular adhesion and migration, cytoskeletal 
rearrangement and cell differentiation. Previous research found both neuroinflammation 
and degeneration facilitated by dysregulated expression and activity of TG2 in several 
neurodegenerative diseases including Alzheimer’s, Parkinson’s and Huntington’s disease.  

The studies presented in this thesis aimed at identifying the cellular expression of 
TG2 in post-mortem CNS material of MS patients and of rodents subjected to EAE. To 
elucidate the role of TG2 in EAE symptom development and pathology, we investigated 
TG2’s contribution and potential as druggable target in rat and mouse EAE. 
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Our immunohistochemical studies showed that TG2 is expressed in inflammatory white 
matter MS lesions in post-mortem CNS tissue from MS patients (chapters 2 and 3) and in 
EAE lesions of rats (chapter 2) and mice (chapters 4 and 5). In both pathologies, under 
condition of inflammatory activity in the lesions, cells appeared to express TG2 and are 
identified as leukocytes and more specifically macrophages. The restriction of TG2 
expression to specific cell types that are major players in disease pathology of MS and EAE 
indicate that TG2 may be involved in both disease pathologies, which makes TG2 a 
potential exciting therapeutic target. Interestingly, we found evidence that TG2 
upregulation in monocytes in EAE might already occur previous to their extravasation into 
the CNS parenchyma. The upregulation of TG2 in peripheral monocytes might then very 
well be a prelude to further involvement of TG2 in MS and EAE pathology. 

Although post-mortem tissue provides valuable information about CNS lesions of 
MS and EAE, imaging the interaction with monocytes in the spinal cord adds more detailed 
information about monocyte behavior during EAE in vivo. In chapter 4, we studied the 
behavior of crawling, fluorescent monocytes and their interaction with the spinal cord 
endothelium, in EAE mice, in real time using 2-photon microscopy. The cells were 
visualized in CX3CR1 transgenic mice, in which monocytes, macrophages and microglial 
cells express green fluorescent protein (GFP). We showed that the amount of crawling 
cells are increased and their track lengths extended during EAE, indicating a potentially 
firmer interaction of the cells with the endothelium. One of the mediators of these 
processes could be TG2, which expression in brain endothelium attached monocytes was 
confirmed in post-mortem tissue from these transgenic mice. 

To investigate a potential causal contribution of TG2 to EAE motor symptom 
development and pathology, we pharmacologically manipulated TG2 activity in rodent 
EAE models (chapters 2 and 5). Rats and mice suffering from EAE were treated with 
various TG2 inhibitory compounds just after onset of disease symptoms. The 
pharmacological inhibition of TG2 activity could drastically reduce EAE motor symptoms 
and pathology, confirming a role of TG2 in the development of EAE symptoms. Especially 
the administration of one compound (KCC009) highly reduced the leukocyte infiltration in 
the CNS and lesion formation. Together with in vitro reduction of monocyte adhesion to 
and migration across blood-brain barrier cells after TG2 inhibition, this points towards 
monocyte and macrophage derived TG2 playing a role in their in vivo crawling behavior 
along the blood vessels in the CNS as an initial step to CNS infiltration. Promising for 
potential treatment of MS with TG2 inhibitors is, that therapeutic treatment approach 
after onset of disease symptoms, comparable to treating MS patients, is effective. 
Although the administration of TG2 activity inhibitors demonstrated clear beneficial 
effects in our animal models, the detailed process and mechanisms are not fully revealed. 
We observed a better effect when using a TG2 inhibitor that does not penetrate the cells, 
suggestive for an important role for surface/extracellular TG2 in reducing EAE symptoms 
and especially CNS infiltration of immune cells. Therefore it is likely that an interplay of 
TG2’s transamidation function and possibly other actions of TG2, that have not been 
specifically studied in this context, are involved in EAE pathology and symptom 
development.  
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In conclusion, our studies demonstrate that TG2 is expressed in monocytes and 
macrophages in inflammatory MS and EAE lesions. Our encouraging results of 
pharmacological TG2 inhibition in rodents suffering from EAE revealed that TG2 is involved 
in monocyte/macrophage migration into the CNS. In addition, TG2 contributes to motor 
impairment in EAE and hence TG2 could be a potential target of interest in MS patients. 
The here presented studies support the investigation of monocyte and macrophage 
derived TG2 as a potential druggable target of interest for the treatment of MS patients. 
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