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Chapter 1 Aims 
Multiple Sclerosis (MS) is one of the most common central nervous system (CNS) 

disorders in the young adulthood. The primary cause of MS is unknown. However, 

different virus infections are currently discussed to initiate myelin-specific 

autoimmunity and demyelination in affected patients. Therapeutic approaches to 

selectively reduce autoimmunity while maintaining pathogen-specific immunity 

represents an important step to ensure neuroprotection and clinical improvement of 

diseases with a suspected infectious etiology, such as MS. Theiler’s murine 

encephalomyelitis (TME) is a virus-induced animal model for MS and widely used to 

elucidate pathogenesis and treatment strategies of myelin disorders. However, 

immunosuppressive approaches generally reduce antiviral immunity and therefore 

increase virus dissemination with clinical worsening in TME (LIPTON et al. 1977, 

WELSH et al. 2010, YOUNG et al. 2008). Interestingly, the neurotoxicant cuprizone, 

despite its ability to induce brain demyelination, reduces CNS inflammation and 

improves the clinical course in experimental autoimmune encephalomyelitis (EAE), a 

primary autoimmune animal model for MS (EMERSON et al. 2001, MANA et al. 

2006). So far, the effect of cuprizone in an infectious MS model has not been 

investigated. Therefore, it was the aim of the present study to determine whether 

cuprizone exhibits beneficial effects by inhibiting immune mediated tissue damage as 

observed in EAE or detrimental effects by reducing antiviral immunity, which may 

lead to disease exacerbation. In addition, only few reports mention the impact of 

cuprizone upon the murine spinal cord and mouse strain specific responses within 

this CNS region to the toxin (KOMOLY 2005, TAYLOR et al. 2009). Based on the 

hypothesis that glial cell distribution and toxin-related susceptibility differs between 

CNS regions the aim of this thesis was to investigate the impact of cuprizone on de- 

and remyelination of the spinal cord white and grey matter in SJL- and C57BL/6-mice 

compared to the corpus callosum. In order to verify the hypothesis, that cuprizone 

selectively reduces immune-mediated tissue damage in the TME-model, 

neuropathological and immunological parameters, including cytokine expression and 

phenotyping of CNS-infiltrating immune cells were investigated in the spinal cord of 

TMEV-infected mice following cuprizone treatment. These results may have 
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implications for the treatment strategies to selectively reduce autoimmunity in 

inflammatory disorders of the central nervous system with a confirmed or suspected 

infectious etiology such as multiple sclerosis.  
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Chapter 2 Introduction 
2.1. Multiple sclerosis 

2.1.1. Multiple sclerosis – general and clinical aspects 

Multiple sclerosis (MS) is an inflammatory and demyelinating disease of the human 

central nervous system (CNS) of unknown origin (RAMAGOPALAN et al. 2010). The 

disease affects the cerebrum, cerebellum/brain stem, optic nerve and spinal cord, 

which leads to a wide range of clinical signs in affected patients (POLMAN et al. 

2011).  

Until now the exact etiology of MS is unclear, but a high number of different intrinsic 

and extrinsic factors potentially contributing to the development of the disease have 

been described. In MS, it has been shown that several myelin proteins have an 

encephalitogenic potential, including myelin basic protein (MBP), proteolipid protein 

(PLP) and αB-crystallin, which lead to CNS autoimmunity with inflammation and 

demyelination in the CNS (RANSOHOFF 2007). However, it remains to be 

determined if autoimmune tissue damage is the primary cause or consequence of the 

disease. Currently two main pathogeneses are favored: 

 -  primary autoimmunity against a certain CNS component or 

 -  secondary autoimmunity against a specific CNS component following 

initial CNS damage, e.g. virus infection. 

For diagnosing MS not only one clinical feature or one diagnostic test is adequate. 

Therefore, different clinical criteria have been defined to ensure proper diagnosis 

(MCDONALD et al. 2001, POLMAN et al. 2005). MS symptoms associated with 

disturbed motility include ataxia, spasticity and impaired walking. Furthermore, 

bladder, intestinal and erectile dysfunctions as well as tremors, cognitive problems, 

fatigue and pain are observed in patients. In addition, depression and rarely epilepsy 

can be associated with MS (COMPSTON et al. 2008, THOMPSON et al. 2010).  
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The clinical presentation of a patient with an acute or subacute episode of 

neurological disturbance due to a single white matter lesion is defined as a clinically 

isolated syndrome (CIS) and appears in 85% of patients, which develop progressive 

MS (MILLER et al. 2005). Typically, a CIS is the earliest clinical manifestation of MS 

and the nature of the CIS affects the subsequent disease course and prognosis 

(MILLER et al. 2005). The radiologically isolated syndrome (RIS) describes white 

matter pathology or magnetic resonance imaging (MRI) abnormalities in the CNS, 

respectively, which are typical for MS, but found in people without clinical signs. 

These findings are highly suggestive for MS and usually milder compared to lesions 

observed in patients with relapsing remitting MS (RRMS; DE STEFANO et al. 2011, 

OKUDA et al. 2009, SPAIN et al. 2011). The presence of RIS represents a 

substantial risk for developing clinically manifest MS (OKUDA et al. 2011). Currently, 

it was suggested that during the time period before a RIS occurs, several static and 

dynamic risk factors during pregnancy, childhood and adolescence, such as smoking 

or latitude influence the immune system and CNS. These factors favor progression of 

RIS to CIS, which could finally lead to MS (GOODIN 2009, RAMAGOPALAN et al. 

2010).  

A high number of studies about the prevalence and incidence of MS in different 

countries all over the world have been published (RAMAGOPALAN et al. 2010, 

SIMPSON et al. 2011). These investigations reveal that MS occurs more frequently 

in the northern hemisphere (northern Europe and USA). Strikingly, in a recent meta-

analysis, a significantly positive correlation between MS prevalence and latitude was 

confirmed (SIMPSON et al. 2011). In general, the number of diagnosed MS cases 

increases over the last decades, especially in women (RAMAGOPALAN et al. 2010).  

In Canada, a high MS prevalence with more than 50 MS patients per 100.000 people 

has been reported (POPPE et al. 2008). Another Canadian study reported a 

prevalence of 200/100.000 in the year 1991 as well as an increasing incidence from 

1.91/100.000 in the 1950s to 7.26/100.000 in the 1980s and an overall sex-ratio 

(female : male) of 1.4 : 1 (WARREN et al. 1993). Epidemiological data of the Middle 

East show a great variation. One review article analyzed published data that revealed 
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a low to medium (<5/100.000 and 5-29/100.000) prevalence. However, depending on 

the investigated population and environment also a higher prevalence (≥30/100.000) 

can be found in this geographical region (AL-HASHEL et al. 2008). A Norwegian 

study describes differences between ethnic groups in Oslo. Here, the incidence in the 

Norwegian/Western population is higher than in the entire population in Oslo 

including citizens from the Middle East, Asian and African countries. MS patients of 

Norwegian/Western origin displayed a prevalence of 170/100.000 people, while all 

MS patients together in Oslo exhibited a reduced prevalence of 148/100 000 people 

(SMESTAD et al. 2008). The mean incidence of MS in northern Finland is 

6.3/100.000 people with a sex-ratio of 2.17 : 1 and a prevalence of 103/100.000 

people. This incidence shows an increase over a 16-year observation period, 

especially in females (KRÖKKI et al. 2011). The population of Chile and Isfahan 

(Iran) displayed similar incidences of 9/100.000 people (DIAZ et al. 2012, 

ETEMADIFAR et al. 2011). Remarkably, the calculated sex-ratio revealed a value of 

3.37 : 1 in Isfahan in 2009 (ETEMADIFAR et al. 2011). A sex-ratio of more than 3.2 : 

1 is attributed to a disproportional increase of MS in women (ORTON et al. 2006). In 

summary, based on these findings, the risk to develop MS depends primarily on the 

ethnic group, latitude and gender.  

2.1.2. The clinical diagnosis of multiple sclerosis 

For diagnosing MS it is necessary to consider the spatiotemporal dissemination of 

alterations in the brain and spinal cord, respectively, and to ensure that no other 

disease is responsible for the CNS lesion. Further, investigation of the cerebrospinal 

fluid has to be taken into account for adequate diagnostic procedure (AWAD et al. 

2010, POLMAN et al. 2011). Diagnosis of MS is based on the McDonald criteria 

(POLMAN et al. 2011). In 2010 diagnostic criteria for MS were revised referring to the 

current scientific knowledge. The new criteria for MS are defined by at least one T2 

lesion in at least two of four localizations (periventricular, juxtacortical, infratentorial 

and/or spinal cord), and not necessarily by showing gadolinium enhancement. For 

demonstration of the dissemination in time (DIT), the new criteria were modified. 

Here, in case of simultaneous presence of gadolinium- and non-gadolinium 
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enhancing lesions in a MS-specific CNS region one single MRI scan is sufficient to 

diagnose MS (POLMAN et al. 2011). 

The most common clinical courses of MS patients have been divided in four main 

subtypes (LUBLIN et al. 1996). Clinical course definitions include: a) relapsing-

remitting (RR) MS, primary-progressive (PP) MS, secondary-progressive (SP) MS 

and relapsing-progressive (RP) MS. RR MS is characterized by multiple disease 

attacks which fully recover and display no worsening or progression between the 

attacks. Disease progression from onset with occasional plateaus of the disease and 

temporary minor improvements is characteristic of PP MS as defined by the National 

Multiple Sclerosis Society (USA) Advisory Committee on Clinical Trials of New 

Agents in Multiple Sclerosis (LUBLIN et al. 1996). The SP MS shows a RR course in 

the first phase, which is followed by relapses with progression. A progressive disease 

from onset, with clear acute relapses, with or without full recovery and periods 

between relapses defines RP MS. The lack of a clear definition of RP MS led to an 

exclusion of this form as an official separate subtype (LUBLIN et al. 1996). Patients 

with this form typically show relapses and progression without complete recovery 

and/or disease progression from onset with acute episodes of clinical worsening. In 

addition to these definitions, based on the severity and time course of progression 

and disability, as well as the survival time, MS is further subdivided into a benign and 

a malignant form. In the benign form patients remain fully functional in all neurologic 

systems 15 years after disease onset. In comparison, severe progression of clinical 

symptoms and a short survival time are typical features of the malignant form 

(LUBLIN et al. 1996).  

The revised McDonald criteria define neuromyelitis optica (NMO) and its spectrum 

disorders such as recurrent optic neuritis, longitudinally extensive transverse myelitis 

and encephalitis as a separate entity, which differs from classical MS (MCKEON et 

al. 2009, POLMAN et al. 2011). NMO can be discriminated from MS by the presence 

of serum anti-aquaporin-4 antibodies with frequent relapses and rapid disease 

progression. NMO lesions consist of inflammation and demyelination in the optic 

nerves, which is often associated with similar lesions in the spinal cord by sparing the 
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cerebrum (JARIUS et al. 2010, LENNON et al. 2004, MATA et al. 2011, ROEMER et 

al. 2007). For establishment of the McDonald criteria most of the data were included 

from studies of the entire North American and Caucasian European populations and 

therefore its use for pediatric cases, Asians and Latin Americans should be handled 

with caution (POLMAN et al. 2011). 

2.1.3. Viruses and environmental factors in multiple sclerosis 

Epidemiological investigations indicate a role of virus infections contributing to and/or 

causing MS (GILDEN 2005, KURTZKE 1993). Especially human herpes virus 4 or 

Epstein-Barr virus (EBV) have been described to increase the risk to develop MS 

(HANDEL et al. 2010). During EBV infection antibodies against a certain membrane 

protein of the virus are produced, which might represent a trigger for autoreactivity 

against MBP. Cross reaction of MBP and the membrane protein of EBV (molecular 

mimicry) represents a possible mechanism in the pathogenesis of MS (GABIBOV et 

al. 2011). However, although an association of MS with EBV and the Epstein-Barr 

nuclear antigen-1 (EBNA-1) has been shown, a proof of causation requires additional 

data (GIOVANNONI 2011, MECHELLI et al. 2011). Currently, there is a controversy 

about the role of EBV in the pathogenesis of MS because of indistinct sensitivity and 

specificity of available EBV detection methods (LASSMANN et al. 2011). For 

instance, results of EBV detection by immunohistochemistry and in situ-hybridization 

are contradictory, since some authors were able to identify virus in MS lesions, while 

other investigations have failed to detect viral protein or genome in the CNS of 

affected patients (FATIMA et al. 2011, WILLIS et al. 2009).  

Other viruses supposed to be associated with MS include cytomegalovirus 

(SANADGOL et al. 2011), varicella zoster virus (KANG et al. 2011), canine distemper 

(COOK et al. 1979, MADDEN et al. 1981) and Maedi-Visna virus of small ruminants 

(CAROLEI et al. 2011). Further, an association of retroviruses with MS has been 

shown, because diseased people show single nucleotide polymorphisms in the 

retrovirus locus HERV-Fc1 region (NEXO et al. 2011). On the other hand, common 

virus infections during childhood, such as cytomegalovirus infection, are associated 

with a lower risk for pediatric MS (WAUBANT et al. 2011).  
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In addition to virus infections, also bacterial microorganisms were tested for their 

potential influence in MS pathogenesis. For instance, in a Sardinian study, an 

association of Mycobacterium avium subsp. paratuberculosis with MS was shown 

(COSSU et al. 2011). In contrast, in an Iranian study, the serum concentration of 

Chlamydia pneumoniae-specific antibodies was investigated in MS patients and 

healthy controls, which demonstrates a lack of association of Chlamydia pneumoniae 

with MS (AGHAEI et al. 2011).  

MS is supposed to be induced in genetically susceptible people due to different 

environmental factors. An orchestration of all of these circumstances potentially 

cause a loss of tolerance towards myelin antigens and activation of myelin-specific T-

cells (GOVERMAN 2011). Genetic risk factors for MS are related to genes of the 

human leukocyte antigen (HLA) class I and II, T-cell receptor beta, and CTLA4 

(DYMENT et al. 2004). HLA DRB1*15:01 has the strongest association with MS. In 

addition, based on a genome-wide association study, a T-cell mediated immune 

dysregulation has been suggested to contribute to disease development (SAWCER 

et al. 2011). Studies investigating the occurrence of MS first-degree relatives 

(including twins) revealed a familial predisposition for the development of MS. The 

relative recurrence risk of MS is proportional to the degree of relationship 

(COMPSTON et al. 2008, DYMENT et al. 2004). The combination of a certain 

genetic profile with environmental factors, like prolonged exposure to sunlight and 

UV-light (ASCHERIO et al. 2010, MUNGER et al. 2011, MUNGER et al. 2004), 

vitamin D deficiency (ASCHERIO et al. 2010, GOLDBERG et al. 1986, MIRZAEI et 

al. 2011), smoking (HANDEL et al. 2011), virus infections and latitude might 

contribute to the development of MS. 

2.1.4. Multiple sclerosis and vascular diseases  

The discussion about the role of vascular damage in MS has increased in the last 

few years because several interesting reports about vascular changes in affected 

patients have been published. Perivascular fibrosis seems to have beneficial effects 

upon the disease course of affected patients. The close proximity of perivascular 

fibrosis to infiltrating immune cells indicates a possible mechanism to limit the 
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enlargement of MS lesions (BROWN et al. 2011, MOHAN et al. 2010). However, 

deposition of extracellular matrix is also associated with remyelination failure in 

Theiler’s murine encephalomyelitis, an infectious animal model of MS (HAIST et al. 

2011). Further, detrimental effects of vascular changes have been described, which 

are supposed to represent initiating events in the development of MS. Based on 

findings of cerebral hypoperfusion in MS patients and possible endothelial 

dysfunction which might lead to a higher risk of stroke, D’haeseleer et al. (2011) 

raised the question: “Could impaired CNS venous blood drainage be the reason for 

the decreased cerebral perfusion or is the reverse true?” (D'HAESELEER et al. 

2011). In 2009, Zamboni et al. (2009a; 2009b) presented data, which demonstrated 

the potential occurrence of a chronic cerebrospinal venous insufficiency (CCSVI) 

which was strongly associated with MS lesions (ZAMBONI et al. 2009, ZAMBONI et 

al. 2009). They described multiple extracranial venous strictures of unknown origin 

with abnormal venous haemodynamics in MS patients by applying venography and 

colour-Doppler examinations (ZAMBONI et al. 2009). Additionally, using MRI, a 

significantly reduced cerebrospinal fluid (CSF) flow as an assumed prerequisite for 

CSF pathophysiology in MS patients has been found (ZAMBONI et al. 2009). The 

importance of disturbed blood flow in MS pathogenesis has been demonstrated also 

by the treatment of RR MS patients with angioplasty of the internal jugular and/or 

azygous veins, which leads to functional clinical improvement (ZAMBONI et al. 

2012). However, although these data seem to be convincing and conclusive, several 

other publications show a lack of correlation between venous insufficiency and MS 

lesion development. For instance, Centonze et al. (2011) found no significant 

differences in the CCSVI frequency between MS patients and healthy controls and 

concluded that CCSVI plays no role for MS risk or severity (CENTONZE et al. 2011). 

The lack of influence of venous outflow abnormalities in plaque genesis was further 

substantiated by another working group, which show an absence of venous 

insufficiency in MS patients (MARDER et al. 2011). The discussion of this topic 

continues and leads to the following statement: “the basis for this new treatment rests 

on anecdotal evidence …”, because the authors ask for the need of randomized 

controlled trails facing this question (REEKERS et al. 2011). At the moment it is too 
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early to determine, how vascular dysfunction impacts the pathogenesis of MS 

(FILIPPI et al. 2011). Possibly, a reduced cerebral venous flow in MS patients might 

represent a co-factor rather than the primary cause of the disease (D'HAESELEER et 

al. 2011). 

2.1.5. Histopathology of multiple sclerosis 

MS is characterized by lymphoplasmacytic and histiocytic inflammation, gliosis, 

neuronal loss, brain atrophy, white matter demyelination, grey matter demyelination 

and axonal loss. Lesions can be found in the cerebrum, cerebellum and spinal cord 

(GILMORE et al. 2005, GILMORE et al. 2009, NOSEWORTHY et al. 2000). 

In chronic MS, typical histopathological lesions include well-demarcated hypocellular 

areas with formation of astrocytic scars, loss of myelin, associated with lymphocyte 

and macrophage infiltrations and usually mild axonal damage (NOSEWORTHY et al. 

2000). In comparison, a reduction of myelinated fibers and irregular myelin sheaths 

associated with activated microglia/macrophages and the presence of myelin debris 

within the cytoplasm of microglia/macrophages (myelinophagia) are characteristic 

features of active demyelination (active MS lesion; LUCCHINETTI et al. 2000).  

MS shows a heterogeneity of clinical symptoms and therefore it was suggested that 

different underlying pathomechanisms are able to induce MS. For that purpose, using 

a large number of tissue samples (396 lesions of 83 patients), Lucchinetti et al. 

(2000) defined MS lesions by stringent criteria and classified four different patterns 

(LUCCHINETTI et al. 2000). Discrimination between pattern I to IV is based on a 

detailed description of CNS lesions, including immunophenotyping of inflammatory 

cells, localization of demyelination, as well as the presence of oligodendrocytes and 

remyelination (Table 1). All four MS patterns show an infiltration of 

microglia/macrophages and T cells associated with demyelination and a diffuse Ig 

reactivity in the parenchyma and on astrocytes indicating a disrupted blood-brain 

barrier (BBB). Patterns I and II are well-circumscribed and located perivenously. In 

pattern II a complement and IgG-deposition is prominent with an increased Ig-

reactivity compared to all other groups. In contrast to this, patterns III and IV are not 
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centered around vessels and are poorly demarcated. Pattern III lesions show a 

primary loss of myelin-associated glycoprotein (MAG) and apoptotic 

oligodendrocytes with detection of DNA-fragmentation. In pattern IV, a nearly 

complete oligodendrocyte loss with evidence of DNA-fragmentation but without 

apoptotic morphology of this cell type is present (LUCCHINETTI et al. 2000).  

Table 1 MS patterns (adapted from LUCCHINETTI et al. 2000). 

Pattern 
type Characteristics 

Order of 
appear-
ance 

Typically 
for 

I - V 
demyelination, 
infiltration of T cells and macrophages, 
diffuse Ig reactivity  

I 

perivenous 

well-circumscribed  4. 

AE II 

well-circumscribed; 
deposition of IgG and complement 
(C9neo); myelin degradation with 
myelinophagia 

1. 

III 
not 
centered 
around 
vessels 

poorly demarcated; preferential loss 
of MAG, PLP, MBP, CNPase;  
apoptosis of oligodendrocytes  

2. 

OD 

IV 

oligodendrocyte death (DNA 
fragmentation without apoptotic 
morphology);  
complete oligodendrocyte loss with 
lack of remyelination 

3. 

AE = autoimmune encephalomyelitis; OD = oligodendrocyte dystrophy; MAG = myelin 
associated glycoprotein; PLP = proteolipid protein; MBP = myelin basic protein; CNPase = 2', 
3'-cyclic nucleotide 3'-phosphodiesterase, Ig = immunoglobulin. 

 

Although the CNS lacks lymphatic vessels, lymph follicle-like structures consisting of 

B-cells, T-cells and plasma cells, as well as dendritic cells have been shown in the 

meninges of MS patients (ALOISI et al. 2006, PRINEAS 1979, SERAFINI et al. 

2004). These follicle-like structures characterized by proliferating B-cells with 

germinal center formation can be found predominately in secondary progressive 

patients with rapid disease progression (LASSMANN 2007, SERAFINI et al. 2004). 

Lymph follicle-like structures can also be detected in the meninges of mice with 

experimental autoimmune encephalomyelitis (EAE; MAGLIOZZI et al. 2004). These 
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findings elicit speculations about the role of ectopic lymphoid tissue in the chronic 

inflamed CNS. A role for maintaining humoral autoimmunity, antigen-specific 

stimulation and expansion of B-cells (SERAFINI et al. 2004) as well as cortical 

demyelination (LASSMANN 2007) was suggested. Based on the presence of lymph 

follicle-like structures in MS and findings of magnetic resonance imaging-studies, a 

new concept of progressive MS, the compartmentalization of immune responses in 

the CNS was proposed (LASSMANN 2007). An immunohistochemical investigation 

reveals, that perivascular inflammation in MS is also present without damage of the 

BBB (HOCHMEISTER et al. 2006). Therefore, perpetuation of inflammation in the 

MS brain without BBB-damage is supposed to favor the development of lymph 

follicle-like structures in the meninges, which are able to produce proinflammatory 

cytokines. According to Lassmann et al. (LASSMANN 2007) an “individualized small 

immune system” in the meninges of the inflamed CNS leads to a prolonged 

inflammatory process behind a closed or repaired BBB in chronic MS patients. This 

compartmentalization of immune responses in the CNS represents a possible cause 

of therapy failure in advanced stages of MS. 
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2.2. Animal models for multiple sclerosis and other demyelinating 
disorders 

To study the pathogenesis of human myelin disorders, such as MS, different animal 

models have been established in the past enabling the investigation of different 

aspects of de- and remyelination.  

The validity of each animal model has to be considered before its use. Comparable 

to the classification in psychiatric diseases, three different types of validities are 

described: face validity, predictive validity and construct validity (MCKINNEY et al. 

1969, OVERALL 2000, WILLNER 1984). If an animal model shares etiological, 

neurophysiological, and -pathological and/or genetic similarities to the human 

disease, the selected model displays construct validity. Face validity includes 

similarities of clinical appearance and symptoms to human disease and predictive 

validity comprises similarities of pharmacological responses to drugs (MCKINNEY et 

al. 1969, OVERALL 2000). The Theiler’s virus-model and the cuprizone-model are 

used because of their well established construct validity (MATSUSHIMA et al. 2001, 

OLESZAK et al. 2004). Beside these two animal models, which have been used in 

the present study, a variety of other models exist. These animal models can be 

divided into viral, genetic, autoimmune and toxic models. Table 2 summarizes 

frequently used animal models for inflammatory and/or demyelinating CNS diseases. 

The following viruses are able to cause inflammatory demyelination and serve as 

experimental or spontaneous animal models for MS: Theiler’s murine 

encephalomyelitis virus, canine distemper virus, mouse hepatitis virus and Semliki 

forest virus. Although the Maedi-Visna virus is able to cause encephalitis and myelin 

loss in sheep its use as a suitable model for MS is under debate (LEWIN 1983, 

THORMAR 1983). 
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Table 2 Overview of animal models to study myelin disorders. 

Name Etiology Reference 
Viral models 

 

Theiler’s murine 
encephalomyelitis Theiler’s murine encephalomyelitis virus (OLESZAK et al. 2004) 

Canine distemper Canine distemper virus 
(BEINEKE et al. 2009, 
KOESTNER 1975) 

Mouse Hepatitis Murine hepatitis virus 
(MATTHEWS et al. 
2002) 

Semliki forest virus infection Semliki forest virus (FAZAKERLEY 2004) 
Genetic models 

 

Quacking mice mutations in quacking gene (quackingviable) 
on mouse chromosome 17 

(EBERSOLE et al. 
1996, FRIEDRICH 

 
Shiverer mice mutations of myelin basic protein gene (READHEAD et al. 

1990) 

Jimpy mice lack of proteolipid protein C-terminal 
domain 

(NAVE 1994) 

Rumpshaker mice amino-acid substitution in membrane-
embedded domain of proteolipid protein 

(SCHNEIDER et al. 
1992) 

Trembler mice point mutation in the membrane 
associated domain of peripheral myelin 

    

(SUTER et al. 1992) 

Protein zero (P0)-deficient 
mice 

point mutations and deletions in the P0 
gene 

(MARTINI et al. 1995) 

Wallerian degeneration 
slow mutant (Wlds) mice 

85-kb tandem triplication in chromosome 4  (COLEMAN et al. 1998, 
TSUNODA 2008) 

Myelin-associated 
glycoprotein-deficient mice 

genetic deletion of myelin-associated 
glycoprotein 

(LASSMANN et al. 
1997) 

Autoimmune models 

 
Experimental autoimmune 
encephalomyelitis (EAE) 
(BAXTER 2007) 

active induction: systemic application of 
different myelin proteins  

(STROMNES et al. 
2006) 

passive induction: systemic application of 
encephalitogenic myelin-specific CD4+ T 

 

(BEN-NUN et al. 1981) 

cerebral EAE: induction of active EAE and 
intracerebral injection of TNF-α and IFN-γ 

(WILLIAMS et al. 2011) 

Toxic models 

 

Cuprizone  feeding of the copper chelator cuprizone (CARLTON 1966, 
MATSUSHIMA et al. 

 Ethidium bromide  local injection of ethidium bromide 
(WOODRUFF et al. 
1999) Lysolecithin  local injection of lysolecithin 

Anti-galactocerebroside 
antibody and complement 

local injection of anti-galactocerebroside 
antibody and complement 

 

C = carboxy, kb = kilobase; TNF-α = tumor necrosis factor-α; IFN-γ = interferon-γ. 
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Various defects in myelin genes cause hypomyelination of the central and/or 

peripheral nervous system. Commonly used animal models include the quacking, 

shiverer, jimpy, rumpshaker, trembler and protein zero deficient mouse (Table 2). In 

experimental autoimmune encephalomyelitis, myelin-specific autoimmunity is 

responsible for the inflammatory demyelination in the spinal cord of treated animals. 

In additon to the oral administration of cuprizone, demyelination can also be induced 

by the local injection of ethidium bromide, lysolecithin and anti-galactocerebroside 

antibodies, the latter in combination with complement (HIREMATH et al. 1998).  
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2.3. Theiler’s murine encephalomyelitis virus 

Theiler’s murine encephalomyelitis virus (TMEV) is a positive-strand RNA virus, 

which belongs to the family Picornaviridae and the genus Cardiovirus. In 1937, Max 

Theiler described TMEV as a virus causing flaccid paralysis in mice in the time period 

of 7 to 30 days after intracerebral injection. In general younger mice are more 

susceptible than older animals and suckling mice die without clinical signs. Up to an 

age of 59 days, the incidence of paralysis increases and mortality decreases. In 

animals older than 60 days incidence of paralysis decreases. Histopathologically, 

necrosis of ganglion cells of the anterior horn in the spinal cord and a marked 

neuronophagia with perivascular infiltration of brain and spinal cord was shown 

(THEILER 1937). Under natural conditions, TMEV is located in the gastro-intestinal 

tract and the occurrence of a sporadic infection of the CNS represents a rare and 

incidental event (THEILER et al. 1940). The TMEV strains DA (Daniels), BeAn8386 

and WW belong to the Theiler’s original (TO) subgroup. DA and BeAn cause a 

biphasic disease course with a chronic progressive form, while the WW strain causes 

acute encephalitis. GDVII and FA represent highly neurovirulent strains and infected 

animals usually die within the first two weeks post inoculation. These strains belong 

to the GDVII subgroup (OLESZAK et al. 2004, TSUNODA et al. 2010). Recently, a 

novel TMEV subtype, which displays less than 90% identity to the other TMEV 

strains, has been sequenced and described. The virus was named NIHE (National 

Institute of Hygiene and Epidemiology in Hanoi, Vietnam; BUCKWALTER et al. 

2011). Infection with this virus is characterized by a lack of viral persistence and 

chronic disease, but brain and spinal cord inflammation with neuronal necrosis 

(BUCKWALTER et al. 2011). After intracerebral injection of moderately neurovirulent 

viruses of the TO subgroup (DA, BeAn) spread from initially infected neurons along 

the axons to the spinal cord (OLESZAK et al. 2004). In the progressive stage of the 

disease, TMEV leaves the neurons and axons and persists within glial cells of the 

spinal cord white matter (KUMMERFELD et al. 2011). Oligodendrocytes, 

microglia/macrophages and astrocytes represent target cells for persistent infection 

(Figure 1; AUBERT et al. 1987, RODRIGUEZ et al. 1983, ROUSSARIE et al. 2007). 

Dependent on the mouse strain, TMEV-infection causes demyelinating disease in the 



Chapter 2 Introduction 
 

 
17 

late phase. While C57BL/6-mice are able to clear the virus after initial encephalitis, 

SJL-mice harbor the virus in the late phase and develop demyelinating leukomyelitis 

starting histopathologically at approximately 10 days post infection. (GERHAUSER et 

al. 2007, OLESZAK et al. 2004). Injection of LPS after TMEV-inoculation is able to 

cause demyelinating disease in resistant C57BL/6-mice (TURRIN 2008). 

 

 

 

 

 

 

 

 

 

 

Histopathological lesions in the CNS of MS patients and TMEV-infected mice share a 

variety of similarities, such as demyelination, perivascular inflammation, axonal 

damage, disturbed remyelination and oligodendrocyte damage (OLESZAK et al. 

2004). Especially the infection of SJL-mice with the TMEV-BeAn-strain represents a 

suitable animal model for the chronic progressive form of MS and canine 

Figure 1  Pathogenesis of Theiler’s murine encephalomyelitis. TMEV-infection of susceptible 
mice. Dissemination of TMEV (red) from the neuron (1; grey) to the axon (2) and 
subsequently into the cytoplasmic channels of oligodendrocytes (3; blue). Persistently 
infected cell types (4) are astrocytes (green) and oligodendrocytes (blue). 
Macrophages/microglia (light brown) are also persistently infected and contain myelin 
debris (blue areas within the cytoplasm) as a consequence of myelinophagia 
(KUMMERFELD et al, 2011, OLESZAK et al. 2004). 
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demyelinating encephalomyelitis in dogs with distemper (BAUMGÄRTNER et al. 

2005, BEINEKE et al. 2009, DAL CANTO et al. 1995). 

TMEV-infection in mice is able to cause autoimmunity by induction of T cell 

responses to myelin epitopes. It was shown that this pathomechanism is based on 

epitope spreading. This process is a sequel of de novo priming of self-reactive T cells 

towards sequestered autoantigens, which are released as a consequence of virus-

induced T cell-mediated demyelination (MILLER et al. 1997). TMEV-induced 

autoimmunity can also be induced by molecular mimicry due to cross-reactivity 

between TMEV and self epitopes. Injection of a non-pathogenic TMEV displaying 

molecular mimic peptides from Haemophilus influenzae bacteria was able to cause 

CNS disease (MILLER et al. 2001). Croxford et al. (2005) show organ-specific T cell-

mediated autoimmunity after infection with a mimic-expressing non-pathogenic 

neurotropic TME-virus in mice. They assume that immune responses due to this 

infection were able to cause self-reactivity (CROXFORD et al. 2005). During TMEV-

infection autoreactive CD8+ cytotoxic T-cells occur in SJL-mice and it was shown that 

these cells are able to cause degeneration within brain and spinal cord (TSUNODA 

et al. 2005). Furthermore, the functionality of this autoreactive CD8+ cells depends on 

cell-to-cell contact by Fas-FasL-interaction (TSUNODA et al. 2002).  

Experiments with transgenic mice expressing RNA of the DA strain in 

oligodendrocytes and Schwann cells reveal that the DA strain of TMEV is directly 

able to cause demyelination without inflammation in the CNS, leading to the 

conclusion that TMEV RNA is toxic for myelin-synthesizing cells (BAIDA et al. 2008). 

These findings are substantiated by experiments with transgenic mice expressing the 

DA L-coding region in myelin forming cells. It was concluded that the molecule DA L 

plays an important role in the pathogenesis of TMEV-induced demyelinating disease 

and that virus-induced death of oligodendrocytes is a pathogenic factor of 

demyelination (GHADGE et al. 2011).  

Comparable to MS, susceptibility to TME depends on the genetic background. 

Transfer of the H-2Db gene of resistant mice to susceptible mice resulted in the 

resistance towards TME and therefore the major histocompatibility complexes are 
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important for disease development (AZOULAY et al. 1994, BRAHIC et al. 2005, 

PAVELKO et al. 2000). Differences in the genetic background of mice cause varying 

susceptibilities to TMEV. The susceptibility to TME-induced demyelinating disease 

(TMEV-IDD) can also be influenced by depletion of regulatory T cells by the 

application of anti-CD25-antibodies. CD25-depleted susceptible SJL-mice display 

reduced clinical signs and decreased virus titers as a consequence of enhanced anti-

viral immunity. These results demonstrate the importance of regulatory T cells for the 

development of infection-induced autoimmunity (RICHARDS et al. 2011).  

TME was used because of its predictive validity and therefore tested for MS drugs. 

For example, beside others, two already used MS therapeutics were tested in this 

mouse model. TMEV-infected mice were treated with FTY720 (fingolimod) and 

results reveal no significant improvement of FTY720-treated mice (DENIC et al. 

2011). In contrast, glatiramer acetate (copaxone) is able to promote remyelination in 

TME (URE et al. 2002). Usually, immunosuppressive therapies, used for the 

treatment of human immune mediated CNS disorders, such as corticosteroids lead to 

virus exacerbation and disease progression (YOUNG et al. 2008). Therefore, the 

TME-model enables the development and risk assessment of therapeutic 

approaches for CNS disorders with a confirmed or suspected viral etiology. In Table 

3 an overview of TMEV-based models for human neurological disorders is given. 

Besides its well established application as a model for myelin disorders, TME is also 

used to study non-demyelinating CNS diseases, such as epilepsy. Different 

Theilervirus strains are able to cause seizures in up to 50% of infected C57BL/6-

mice. The presence of seizures is independent of the degree of neuropathological 

changes in the CNS. Experiments with mutant TMEV reveal that the amount of 

cytokines seems to be responsible for seizure induction and not the neuronal cell 

death (LIBBEY et al. 2011). Therefore, experimental TMEV-infection of C57BL/6-

mice has become a novel animal model for inflammation-induced epilepsy 

(KIRKMAN et al. 2010). Further, a strong CD8+ T-cell response following TMEV-

infection is able to efficiently target specific antigens. Therefore epitope-modified 

TMEV was used to induce cytotoxic T-cell responses against tumors, which might 
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represent a novel treatment strategy in oncology or method to investigate tumor 

immunology, respectively (PAVELKO et al. 2011).  

Table 3 Theiler’s murine encephalomyelitis virus-infection represents and animal model for 
various diseases 

Infection 
route 

Virus 
strain 

Mouse 
strain Lesion Animal 

model for Reference 

cerebrum 

BeAn C57BL/6, SJL acute polioencephalitis (GERHAUSER 
et al. 2007, 
GERHAUSER 
et al. 2007, 
OLESZAK et 
al. 2004) 

BeAn SJL 
chronic 
demyelinating 
leukomyelitis  

chronic 
progressive 
multiple 
sclerosis 

DA, 
GDVII 

C57BL/6, 
C57 x SJL F1 

neural pyknosis, 
perivascular cuffs epilepsy (LIBBEY et al. 

2008) 

NIHE C57BL/6, SJL perivascular cuffs, 
neuronal necrosis  

acute 
encephalitis 

(BUCKWALTE
R et al. 2011) 

eye DA 
C3HeB/FeJ, 
C3H shi/shi, 
shiverer 

optic nerve 
demyelination, 
neuronal loss 

optic nerve 
demyelination 

(ROUSSARIE 
et al. 2007) 

central and 
peripheral 
nervous 
system;      
other organs* 

GDVII CBA hind limb paralysis virus 
distribution  

(VILLARREAL 
et al. 2006) 

sciatic nerve DA 
FVB; 
B6.CB17-
Prkdcscid/SzJ 

peripheral nerve 
inflammation and 
demyelination, 
subsequent 
myelitis 

peripheral 
nerve 
demyelination 

(DRESCHER 
et al. 2007) 

*cerebrum, vein, tongue, peritoneum, stomach, skeletal muscle, footpad, hypoglossal 

nerve 
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2.4. Cuprizone model 

2.4.1. Cuprizone – general considerations 

Cuprizone (biscyclohexanone oxaldihydrazone; C14H22N4O2) belongs to a class of 

chelating agents of the hydrazine family with a molecular weight of 278.35008 g/mol 

(Cuprizone compound summary; http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9723). The 

substance has copper(III) chelating properties (MESSORI et al. 2007). At room 

temperature cuprizone forms a fine, white powder and can easily be mixed into the 

powdered chow of animals for experimental approaches. Toxic lesions can be found 

primarily in the central and peripheral nervous system as well as in the liver. The 

toxicant is also able to harm oligodendrocytes in vivo and in vitro (CAMMER 1999, 

COPRAY et al. 2005). Cuprizone causes a toxin-induced demyelination in the corpus 

callosum of mice, which shares similarities with demyelination of the corpus callosum 

in human MS. Furthermore, identical callosal lesions can be observed in the human 

brain following chronic alcohol abuse (Marchiafava-Bigami disease; RAINA et al. 

2008), which leads to atrophy of callosal regions and global dementia (KOHLER et 

al. 2000). 

In addition, cuprizone-feeding is able to cause behavioural deficits. Treated animals 

show increased sensorimotor reactivity (click response) and increased CNS activity 

measured by a functional observation battery (activity, rearing, eating, stereotypy, 

grooming, abnormal movements). An inhibited anxiogenic response can also be 

measured. Further, ataxia is present in treated mice (FRANCO-PONS et al. 2007). 

Cuprizone is not only able to harm oligodendrocytes, but also neurons and axons 

and therefore causes clinical signs like seizures and incoordination (HOFFMANN et 

al. 2008, IRVINE et al. 2006). In addition, the cuprizone model is used to study 

psychiatric diseases, such as schizophrenia (GREGG et al. 2009) and epilepsy 

(HOFFMANN et al. 2008). Cuprizone-feeding causes callosal de- and remyelination 

during the feeding period (MATSUSHIMA et al. 2001). An overview on cuprizone-

based animal models is given in Table 4. 

 

http://pubchem.ncbi.nlm.nih.gov/summary/summary.cgi?cid=9723
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Table 4 The use of cuprizone-model in neuroscience. 

Used 
concentration 
in diet 

Species Induced lesion Animal model for Reference 

0.2–0.4% [w/w] 
cuprizone  

mouse 
 

corpus 
callosum 
demyelination 

de- and 
remyelination 

(MATSUSHIMA et 
al. 2001) 

superior 
cerebellar 
peduncle 
demyelination 

(BLAKEMORE 
1973, 
BLAKEMORE 
1974) 

cortex 
demyelination 

(SKRIPULETZ et 
al. 2008) 

grey and white 
matter 
demyelination 

(GUDI et al. 2009) 

cerebellum 
demyelination 

(GROEBE et al. 
2009, 
SKRIPULETZ et 
al. 2010) 

basal ganglia 
demyelination (POTT et al. 2009) 

demyelination 
schizophrenia, 
psychiatric 
diseases 

(GREGG et al. 
2009, HERRING 
et al. 2011) 

status 
spongiosus 

spongiform 
encephalopathies 

(CARLTON 1969, 
MOODY et al. 
2009) 

neuronal and 
axonal loss 
within 
hippocampus 

seizures, 
epilepsy 

(HOFFMANN et 
al. 2008) 

demyelination behavioral 
deficits 

(FRANCO-PONS 
et al. 2007, 
GROEBE et al. 
2009) 

0.5-2% [w/w] 
cuprizone  rat sciatic nerve axonopathy  (LOVE 1988) 

[w/w] = weight percentage. 
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2.4.2. Cuprizone causes de- and remyelination in the CNS 

Cuprizone-feeding of rodents represents an excellent model for the investigation of 

de- and remyelination in the central nervous system (LUDWIN 1978). Advantages of 

this model compared to EAE or virus-induced demyelination are consistency of 

demyelination of the corpus callosum, which enables easy detection and scoring of 

lesions. After withdrawal of the substance remyelination occurs, which allows a 

detailed investigation of myelin repair mechanisms (MATSUSHIMA et al. 2001). 

Besides its predictable effect on myelin integrity in the corpus callosum, current 

studies demonstrate de- and remyelination also in the cerebellar white matter as well 

as in grey matter regions (GROEBE et al. 2009, GUDI et al. 2009, SKRIPULETZ et 

al. 2010, SKRIPULETZ et al. 2008).  

Cuprizone-intoxication is widely used to study de- and remyelination processes, 

which are not accompanied by peripheral T- and B-lymphocyte influx as observed in 

immune-mediated demyelinating processes such as EAE and TME (BAKKER et al. 

1987, INOUE et al. 1997, LOSSINSKY et al. 1989). Furthermore, an intact blood-

brain barrier has been demonstrated by the absence of protein leakage in the brain 

of treated animals by using horseradish peroxidase and antisera for the detection of 

extravasated serum proteins (BAKKER et al. 1987, KONDO et al. 1987). However, in 

treated rodents an accumulation of peripheral macrophages within induced lesions 

can be observed (MCMAHON et al. 2002). Accordingly, predominately microglia and 

macrophages participate in the demyelination process. Interestingly, during 

continuous exposure to cuprizone over a time period of 16 weeks, remyelination 

appears concurrently to demyelination (MATSUSHIMA et al. 2001).  

Beside CNS demyelination, cuprizone-intoxication causes also distal peripheral 

axonopathies and degeneration of myelinated axons in the sciatic nerve of rats. In 

contrast to that, spinal nerve roots and dorsal root ganglia are unaffected (LOVE 

1988). A concentration of 0.6% [w/w] cuprizone in the diet of Swiss-Webster mice is 

able to induce myelin loss in the corpus callosum but also in the optic nerve, while 

the sciatic nerves remain intact (KOMOLY 2005). Usually, no adverse effects on 

hepatic energy metabolism are observed, but an inhibiton of succinic dehydrogenase 



Chapter 2 Introduction 
 

 
24 

and changes in mitochondrial size (megamitochondria) can be found. However, 

these alterations are reversible after removal of the toxin from the diet (FLATMARK 

et al. 1980, PETRONILLI et al. 1990). Similar to the hepatic ultrastructural changes, 

an enlargement of mitochondria and an increased number of ribosomes appear also 

in oligodendrocytes of cuprizone-fed rats, which is accompanied by an intramyelinic 

edema (LOVE 1988). In general, lesion severity of cuprizone-feeding depends on the 

concentration of the substance in the diet (STIDWORTHY et al. 2003).  

Due to the oral administration of cuprizone, microglial activation with antigen-

presenting properties as well as proliferation and migration of these cells into 

demyelinated areas can be observed (REMINGTON et al. 2007). Toxin-induced 

activation of microglia and astrocytes leads to an increased expression of TNF-α, IL-

1β, TGF-β and IL-10 in the CNS. In addition, several chemokines, such as CCL2, 

CCL5 and CXCL10 have been detected in the murine brain following cuprizone 

administration (BIANCOTTI et al. 2008). The concurrent appearance of activated 

microglia/macrophages and astrocytes due to cuprizone-treatment in the corpus 

callosum before and during the onset of myelin loss suggests that these cells are 

directly and primarily responsible for demyelination rather than a secondary reaction 

to the injured brain (HIREMATH et al. 1998). In addition to microglial activation, it 

was shown that a significant number of peripheral macrophages invade the CNS of 

cuprizone-treated animals and that these cells contribute to the demyelination 

process (MCMAHON et al. 2002). The fact, that microglia and macrophages play a 

pivotal role in cuprizone-induced lesions was substantiated by inhibition of these cells 

by administration of minocycline, which reduces toxic myelin loss (FAN et al. 2007, 

PASQUINI et al. 2007, SKRIPULETZ et al. 2010). In addition, a pathogenic role of 

the complement system in cuprizone-induced demyelination was shown (BRIGGS et 

al. 2007). The model is particularly suitable to investigate the role of specific 

molecules for de- and remyelination in MS research. For example, antagonists of 

LINGO-1 (leucine rich repeat and Ig domain containing 1) promotes oligodendrocyte 

precursor differentiation and remyelination in cuprizone-treated rodents (MI et al. 

2009). Minocycline displays neuroprotective properties (CHEN et al. 2011) and 

dampens toxic myelin loss in the corpus callosum, which improves motor 
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coordination in treated mice (SKRIPULETZ et al. 2010). In contrast, simvastatin 

exhibits an inhibitory effect on remyelination (MIRON et al. 2009). 

2.4.3. Mechanisms of cuprizone-induced demyelination 

The exact molecular mechanism by which cuprizone induces demyelination in the 

central and peripheral nervous system is poorly understood. Currently, possible 

explanations include direct toxicity due to an inhibition of the copper-dependent 

cytochrome oxidase resulting in energy deficiency and indirect mechanisms due to 

cytokine-induced damage of glial cells (HIREMATH et al. 1998, MANA et al. 2006, 

MATSUSHIMA et al. 2001, PASQUINI et al. 2007, VENTURINI 1973). A direct 

inhibition of mitochondrial respiration leading to reduced mitochondrial activity is 

supposed to cause energy deficiency primarily in myelin-producing oligodendrocytes 

and associated Alzheimer Type II transformation of astrocytes (KESTERSON et al. 

1971, MATSUSHIMA et al. 2001). Cuprizone is also able to damage the outer 

membrane of mitochondria and therefore disrupts energy metabolism (SUZUKI et al. 

1969). On the other hand, cuprizone-activated microglia and astroglia might cause 

oligodendrocyte damage and subsequent demyelination due to pro-inflammatory 

cytokine and chemokine release (HIREMATH et al. 1998, PASQUINI et al. 2007).  

Antidotes for cuprizone-induced toxicity include supplementation of copper, glutamic 

acid, glutamine, arginine, pyridoxine, γ-aminobutyric acid and glucose (CARLTON 

1967, KESTERSON et al. 1972). However, supplementation of up to 100 ppm copper 

is unable to significantly reduce the toxicity in mice after a 0.5% cuprizone-diet 

(CARLTON 1967). Likewise, supplementation of glutamine, arginine or glucose does 

not reduce cuprizone-induced toxicity and pathology. In contrast to that, glutamic 

acid, pyridoxine and γ-aminobutyric acid (GABA) show beneficial effects in the 

cuprizone-model. Pyridoxine (3%) in the diet containing 0.3% cuprizone is able to 

decrease clinical signs, growth retardation and mortality. Furthermore, the incidence 

but not the severity of internal hydrocephalus formation is reduced in laboratory 

rodents treated with this substance. Similarly, beneficial clinical effects in mice are 

shown by adding 3% GABA to a 0.3% cuprizone-diet. Histopathological lesions are 

only slightly reduced due to GABA supplementation. A combination of 3% pyridoxine 
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and 3% GABA in a 0.3% cuprizone-diet is most effective in preventing clinical and 

histopathological lesions following cuprizone-application. It was concluded that 

cuprizone interacts with the mitochondrial GABA-metabolism (GABA-shunt). 

Hydrazines, like cuprizone are able to inhibit the cofactor pyridoxal phosphate for the 

enzyme glutamic acid decarboxylase which converted glutamic acid into GABA. 

Therefore it is assumed that cuprizone toxicity is a result of decreased GABA levels 

in the CNS. Supporting these findings, supplementation of pyridoxine and GABA is 

efficient in preventing cuprizone-toxicity (KESTERSON et al. 1972).  

The finding, that cuprizone is both, unable to cross the epithelial barrier in the 

intestine as well as the neuronal membrane and the fact, that the toxicant does not 

accumulate within the CNS or liver, leads to the suggestion that cuprizone acts via a 

chronic copper deficiency due to chelating copper, possibly explaining the lack of a 

direct neurotoxic effect (BENETTI et al. 2010). The loss of oligodendrocytes in the 

early phase is associated with an increased number of apoptotic oligodendrocytes as 

demonstrated by activated caspase 3-specific immunohistochemistry. In parallel, 

early stages of demyelination show an expression of FAS in the corpus callosum. 

Both markers decrease in later stages of demyelination and animals lacking FAS 

show demyelination indicating that the activation of FAS pathway is not essential for 

cuprizone-mediated death of myelin-forming cells (HESSE et al. 2010). Acute 

cuprizone-induced oligodendrocyte depletion and demyelination, presumably due to 

apoptosis, is reversible after withdrawal of the toxicant (MASON et al. 2000). A 

chronic cuprizone-treatment leads to apoptosis of oligodendrocytes and 

oligodendrocyte progenitors without remyelination even if the toxicant is removed 

(MASON et al. 2004). 

2.4.4. Cuprizone-induced lesions vary upon species, strain and gender 

For investigation of de- and remyelination the mouse is primarily used in animal 

studies, because other rodent species show different and/or additional characteristic 

lesions due to cuprizone. For instance, rats and guinea pigs exposed to cuprizone 

develop CNS edema and status spongiosus in the grey and white matter. While mice 

show an internal hydrocephalus and demyelination, an enlargement of the brain 
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ventricular system can not be observed in rats and guinea pigs. Glial hypertrophy 

and demyelination is present in rats. However, guinea pigs lack astrogliosis 

(CARLTON 1969). Cuprizone-feeding results in CNS vacuolation and astrocyte 

hypertrophy in Syrian hamsters (KIMBERLIN et al. 1976). In addition to these 

species-specific properties, the cuprizone-induced CNS lesion pattern also varies 

between mouse strains and gender (TAYLOR et al. 2009). For instance, female SJL-

mice display a partial resistance to cuprizone-induced toxicity, while male SJL-mice 

respond consistently to the toxicant. Furthermore, the demyelination pattern in the 

corpus callosum of SJL-mice is laterally located, while C57BL/6-mice exhibit myelin 

loss predominantly in the central aspect of this brain region (TAYLOR et al. 2009). 

Treatment of C57BL/6-mice with 0.2% [w/w] cuprizone results in a complete 

demyelination of the corpus callosum in male mice with complete remyelination after 

withdrawal of the toxicant. In comparison, only incomplete de- and remyelination due 

to cuprizone-treatment can be observed in BALB/cJ-mice (LINDNER et al. 2008). 

Furthermore, administration of sex steroids (estrogen and progesterone) is able to 

dampen the toxicity of cuprizone in male mice, which emphasizes the pivotal role of 

hormones in the pathogenesis of demyelinating diseases (ACS et al. 2009).  

The influence of animal species, strain and gender and resulting variations in the 

response to the toxin have to be taken into consideration for the design of animal 

experiments and interpretation of obtained data in the cuprizone-model. 
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Chapter 4 Impact of cuprizone on Theiler’s murine 
encephalomyelitis  

 

Cuprizone inhibits demyelinating leukomyelitis by reducing immune responses 

without virus exacerbation in an infectious model of multiple sclerosis 

Vanessa Herder, Florian Hansmann, Martin Stangel, Dirk Schaudien, Karl Rohn, 

Wolfgang Baumgärtner, Andreas Beineke 

 

Multiple sclerosis is one of the most common demyelinating central nervous system 

diseases in young adults. Theiler’s murine encephalomyelitis (TME) is a widely used 

virus-induced murine model for human myelin disorders. Immunosuppressive 

approaches generally reduce antiviral immunity and therefore increase virus 

dissemination with clinical worsening. In the present study, the progressive course of 

TME was significantly delayed due to a five-week cuprizone-feeding period. 

Cuprizone was able to minimize demyelinating leukomyelitis without virus 

exacerbation. This phenomenon is supposed to be a consequence of selective 

inhibition of detrimental inflammatory responses with maintained protective immunity 

against the virus.  
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Chapter 5 Discussion 
Based on the hypothesis, that cuprizone selectively reduces immune-mediated tissue 

damage in virus-induced demyelinating disorders, the aim of the present PhD-thesis 

was to characterize neuropathological and immunological parameters in the spinal 

cord of TMEV-infected mice following cuprizone-treatment. Therefore, toxin-induced 

microglial and astro- and oligodendroglial alterations in the murine spinal cord of 

cuprizone-treated animals have been defined in the first part of the study. The 

second part of the thesis demonstrated that cuprizone ameliorates the clinical course 

of TME in mice by reducing inflammatory responses and demyelination in the spinal 

cord without virus exacerbation. 

5.1. The impact of cuprizone on the spinal cord of SJL- and C57BL/6-
mice 

Results of the present study revealed the occurrence of varying susceptibilities to 

toxic injury of different CNS regions. The neuroparenchyma consists of neurons, 

astrocytes, oligodendrocytes, microglia, endothelial cells and pericytes. Despite 

similar anatomical structures and cell composition of the central nervous system, 

different functional aspects discriminate the brain from the spinal cord (BARTANUSZ 

et al. 2011). For instance, under physiological conditions, the spinal cord displays a 

higher rate of radical production, lipid peroxidation and mitochondrial DNA oxidation 

compared to the brain as demonstrated in rats (SULLIVAN et al. 2004). Furthermore, 

the rodent blood-spinal cord barrier (BSCB) is more permeable for intravenously 

injected tracers compared to the BBB (PROCKOP et al. 1995). These region-specific 

differences are supposed to be the consequence of decreased endothelial junction 

proteins (e. g. occludin and VE-cadherin) and membrane-transporter p-glycoprotein 

in the spinal cord in contrast to the blood-brain barrier (GE et al. 2006). Similarily, 

phagocytic activity of microglia is increased in the cervical spinal cord compared to 

the brain and thoracolumbar spinal cord in dogs (ENSINGER et al. 2010). These 

region-specific functional and morphological characteristics, especially of the 

vascular endothelium of brain and spinal cord, might be responsible for topographical 

differences of lesion development observed in different CNS disorders, such as 
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spinal cord injury and amyotrophic lateral sclerosis (BARTANUSZ et al. 2011). The 

MS animal models EAE and TME are characterized by an immune-mediated 

demyelination, which primarily affects the thoracic spinal cord segment during the 

chronic disease phase. In contrast, cuprizone causes myelin loss primarily in the 

brain (MATSUSHIMA et al. 2001, SKRIPULETZ et al. 2010, SKRIPULETZ et al. 

2008), while the spinal cord – as demonstrated in the present study - lacks an overt 

demyelination (HERDER et al. 2011). The first part of the study showed, that 

cuprizone-feeding does not cause spinal cord demyelination as demonstrated by 

myelin protein immunohistochemistry despite early apoptosis-induction, reduced 

myelin gen expression and reduced neurite-outgrowth inhibitor protein A-expression 

in SJL-mice. These results revealed the occurrence of subtle cellular effects of 

cuprizone in the murine spinal cord in comparison to a significant demyelination in 

the corpus callosum. Microglia are persistently activated in the cuprizone-induced 

brain lesions and contribute to myelin loss (SKRIPULETZ et al. 2010). Therefore, a 

dominant presence of microglia of the M2-phenotype in the spinal cord, which exhibit 

anti-inflammatory and neuroprotective properties, could be responsible for the 

observed absence of spinal cord demyelination (KIGERL et al. 2009).  

Cuprizone-feeding causes different pathomorphological changes in the CNS 

depending on the treated animal species. Furthermore, in mice also the genetic 

background has an impact on toxin-related changes in the brain. For example, 

cuprizone-induced callosal demyelination is more prominent in C57BL/6-mice 

compared to SJL-mice, which show demyelination primarily in the lateral areas of the 

corpus callosum (TAYLOR et al. 2009). In accordance with this, the present 

investigation also shows, that in contrast to SJL-mice, C57BL/6-mice exhibit no 

altered myelin gene and protein expression in the spinal cord (HERDER et al. 2011). 

These differences could be a consequence of mouse strain-specific properties of 

spinal cord microglia/macrophages. Especially a different distribution pattern of M1- 

and M2-microglia/macrophges in SJL- and C57BL/6-mice could account for region-

specific susceptibilities to toxic injury in the CNS (KIGERL et al. 2009, MANTOVANI 

et al. 2005). In addition, a reduced proteolytic activity of microglia and macrophages 
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has been observed in C57BL/6-mice, which might account for the observed 

differences of both mice strains (LIUZZI et al. 1995).  

Differing responses of specific CNS regions to cuprizone demonstrate, that brain and 

spinal cord react differently to cell-damaging insults. Based on the suggestion that 

cuprizone acts as a disruptor of energy metabolism with mitochondrial damage, a 

different susceptibility to oxidative stress of brain and spinal cord glial cells is 

postulated. These variations divide the brain and spinal cord into two anatomical 

compartments with different composition and functionality of resident cells.  

5.2. Combination of Theiler’s murine encephalomyelitis and 
cuprizone-model in SJL-mice 

A detailed topographical knowledge of cuprizone-induced spinal cord lesions in SJL-

mice was essential for the second part of the study, which focused on the impact of 

cuprizone in TMEV-infected mice. The focus of the study was to investigate whether 

a toxic demyelination without BBB-damage is able to influence the outcome of the 

TMEV-infection. In general, TME is characterized by an acute polioencephalitis 

during the early infection phase and subsequent progressive demyelination 

(KUMMERFELD et al. 2011). Strikingly, the combination of TME and cuprizone-

feeding in SJL-mice leads to a transient reduction of virus-induced demyelination in 

the spinal cord. 

One possible scenario to account for the reduction, that, as a consequence of virus 

infection, activated T cells infiltrate the cuprizone-induced demyelinated corpus 

callosum, thereby increasing lesion severity of callosal damage. In contrast to this, it 

was demonstrated that the combination of virus infection and cuprizone resulted in a 

lack of additive effects on lesion severity in the spinal cord. Cuprizone-feeding led to 

a transient clinical improvement and reduced demyelinating leukomyelitis in TMEV-

infected animals in the late disease phase. This process was associated with a 

decreased amount of pro- and anti-inflammatory cytokines in the spinal cord. Shortly 

after initial polioencephalitis due to TMEV infection, cuprizone was fed and caused 

additional demyelination and activation of microglia/macrophages in the brain. This 

process is supposed to lead to an activation of microglia/macrophages and 
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production of proinflammatory cytokines in the brain (BIANCOTTI et al. 2008). 

Accordingly, the brain could have been transferred into a status of “immunological 

alertness” due cuprizone-induced microglia/macrophage activation. However, instead 

of promoting epitope spreading and triggering encephalitogenic T cells, the primed 

CNS environment is assumed to reduce local immune responses within the CNS in 

order to diminish demyelinating leukomyelitis. Probably, a cuprizone-induced 

activation of M2-type microglia/macrophages in the brain helps to dampen the 

progressive leukomyelitis. Furthermore, the production of regeneration-promoting 

substances, such as insulin-like growth factor-1 in brain astrocytes, due to cuprizone 

might contribute to the beneficial outcome in TMEV-infected mice (KOMOLY et al. 

1992).  

Quantification of viral RNA in cuprizone- and TMEV-treated mice revealed a 

reduction only at one time point (147 dpi). Until now, the exact mechanism of 

cuprizone-induced cellular changes is unclear, but two possible processes, which 

might be responsible for the reduced demyelinating leukomyelitis, can be assumed: 

a) a direct mechanism which inhibits virus replication or b) an indirect 

immunmodulatory mechanism. The finding that virus protein amount was unchanged 

in TMEV-infected mice with and without cuprizone treatment and that viral RNA was 

only reduced at 147 dpi in cuprizone-fed and TMEV-infected mice favours the theory 

of immunmodulatory mechanisms induced by the toxin. 

On the other hand, cuprizone-induced copper deficiency possibly reduces T cell 

blastogenesis, which might account for the observed reduced cellular immune 

response with downregulation of pro- and anti-inflammatory cytokines in the spinal 

cord in infected animals following cuprizone-treatment (EMERSON et al. 2001). 

Furthermore, cuprizone-feeding might increase myelin antigens in the circulation as a 

consequence of myelin damage, which induces immunological tolerance against 

CNS epitopes and thereby reducing autoimmunity. Similarly, induction of 

immunological tolerance due to regulatory T cells has been described for glatiramer 

acetate (copaxone)-treatment in MS patients (LALIVE et al. 2011, MILLER et al. 

1998, RACKE et al. 2011). Moreover, long-term tolerogenic effects towards brain 
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antigens have been described for traumatic brain damage (MUTLU et al. 2007). 

Referring to this, despite the fact that a cuprizone-induced local increase of 

regulatory T cells within the spinal cord was excluded in the present study, a 

peripheral induction of these immunmodulatory cells, as demonstrated for cuprizone-

treated mice in the EAE model, cannot be excluded (EMERSON et al. 2001). As 

demonstrated by cytokine and Foxp3 expression analyses, reduced spinal cord 

inflammation in cuprizone-treated mice with TME is not the result of a local function 

of immunmodulatory cells, such as regulatory T cells, which might explain the 

sustained antiviral immunity and absence of viral exacerbation. 

Further studies have to focus on the activation of immunregulatory mechanisms in 

other CNS compartments and peripheral lymphoid organs to understand the 

seemingly paradox phenomenon of neuroprotection of cuprizone in more detail.  

 

 





Chapter 6 Conclusion 
 

 
39 

Chapter 6 Conclusion 
Results of the first part of the Ph.D.-thesis demonstrate a lack of myelin loss in the 

spinal cord of cuprizone-fed SJL- and C57BL/6-mice substantiating the concept of 

major morphologic and most likely also of functional regional differences between 

brain and spinal cord. Possible mechanisms include site-specific susceptibilities to 

oxidative stress or cytokines as well as different glial subpopulations which might 

have implication on the pathogenesis of demyelinating diseases.  

For the first time, results of the second part of the present study revealed that 

cuprizone is able to improve the clinical outcome and lesion progression in an 

infectious MS model by reducing inflammatory responses and demyelination in the 

spinal cord without increasing virus replication. This phenomenon is of special 

interest, because immunosuppressive strategies and attempts to diminish the 

inflammatory reaction in TME usually result in increased viral spread and disease 

exacerbation (LIPTON et al. 1977, WELSH et al. 2010, YOUNG et al. 2008). This 

novel aspect of cuprizone is a proposed consequence of selective inhibition of 

immune-mediated tissue damage or tissue preserving properties respectively, while 

protective immunity against the virus is maintained. The results of the present study 

might be of importance for further strategies to selectively reduce autoimmunity whilst 

maintaining antiviral immunity in inflammatory demyelinating disorders with a 

confirmed or suspected infectious etiology, such as MS.  
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Chapter 7 Summary 
The impact of cuprizone on the murine spinal cord and the progression of Theiler’s 

murine encephalomyelitis 

Vanessa Herder 

Multiple sclerosis is one of the most common central nervous system diseases in 

young adults. The primary cause of multiple sclerosis is unknown. However, different 

virus infections are currently discussed to initiate autoimmunity causing inflammation 

and myelin loss in the brain and spinal cord. Thus, therapeutic strategies focus upon 

the reduction of inflammatory responses and tissue damage in affected patients. 

Theiler’s murine encephalomyelitis (TME) is a widely used virus-induced murine 

model for multiple sclerosis and enables the investigation of therapeutic strategies in 

this human disease. However, immunosuppressive approaches generally reduce 

antiviral immunity, hence increasing virus dissemination with clinical worsening in this 

animal model of myelin disorders. Therefore, the aim of the present study was to 

determine whether cuprizone exerts beneficial effects by inhibiting immune-mediated 

tissue damage, as observed in EAE, or detrimental effects by reducing antiviral 

immunity possibly leading to disease exacerbation.  

Since TMEV induces demyelination predominately in the spinal cord and information 

about region-specific effects of cuprizone in this CNS compartment are sparse, the 

impact of cuprizone upon the murine spinal cord was evaluated in the first part of the 

study. Based upon the hypothesis that glial cell distribution and toxin-related 

susceptibility differs between CNS regions, the aim of this part was to investigate and 

compare the impact of cuprizone on myelin integrity in the spinal in SJL- and 

C57BL/6-mice and in the corpus callosum. Though cuprizone-feeding resulted in 

expected characteristic lesions in the corpus callosum of SJL-mice after a five weeks 

feeding period, no myelin damage, as determined by luxol fast blue staining as well 

as myelin basic protein (MBP)-, proteolipid protein (PLP)- and CNPase-specific 

immunohistochemistry, was found in the spinal cord white and grey matter in both 

mouse strains. In addition, the number of astrocytes as well as T and B cells did not 



Chapter 7 Summary 
 

 
42 

differ between cuprizone-fed and control animals in the spinal cord. However, 

microglial activation was observed after withdrawal of the toxin as demonstrated by 

CD107b-immunohistochemistry and CD11b-specific RT-qPCR in SJL-mice. 

C57BL/6-mice showed no differences in myelin gene expression at all investigated 

time points. In the early phase of cuprizone-feeding, apoptosis was increased in the 

spinal cord and MBP mRNA copy numbers were reduced. Additionally, cuprizone-

feeding reduced the number of NogoA-positive oligodendrocytes in SJL-mice, but not 

C57BL/6-mice. The lack of myelin loss in the cervical and thoracic spinal cord of 

cuprizone fed mice substantiates the concept of major morphologic and most likely 

also of functional regional differences between brain and spinal cord. Possible 

mechanisms include site-specific susceptibilities to oxidative stress or cytokines, 

which might have major implication on the pathogenesis of demyelinating diseases. 

Data obtained of this part represented the basis for the investigation upon the 

influence of cuprizone on TMEV-induced spinal cord demyelination in the second 

part of the study. 

In order to verify the hypothesis, that cuprizone selectively inhibits the progressive 

course of TME, the influence of the toxin upon the spinal cord of SJL-mice was 

investigated in the second part of the study. The progressive clinical course of TME 

was significantly delayed as a result of a five-week cuprizone-feeding period. Until 10 

weeks after removing cuprizone from the diet, animals with cuprizone-feeding and 

virus-infection show significantly better motor coordination compared to the virus-

infected only group. Furthermore, animals with virus- and cuprizone-treatment 

displayed significantly reduced myelitis, demyelination, infiltration/activation of 

CD107b+ microglia/macrophages, CD45R+ B, CD3+ T cells and Foxp3+ regulatory T 

cells in the remyelination phase compared to virus-infected only mice. At the 

transcriptional level, mRNA copy numbers of pro- and anti-inflammatory cytokines 

(TNF-α, IL1-α, IL-2, IL-12, IL-23, IFN-γ, IL-4, IL-10 and TGF-β) were reduced in the 

cuprizone-fed and virus-infected animals in the late phase of the disease. TMEV-

infected mice and animals with cuprizone-feeding and simultaneous virus-infection 

show no differences in axonal pathology. While a temporarily significant reduction of 

virus RNA copy numbers was detected, the amount of virus protein stayed at the 
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same level. The results showed a reduced inflammatory response on protein and 

transcriptional levels due to cuprizone-feeding in TMEV-infected mice, which was 

associated with a transient improvement of clinical course despite continuous spread 

of TMEV and axon pathology.  

For the first time, results of the present study revealed that cuprizone is able to 

improve the clinical outcome and lesion progression in TME by reducing 

inflammatory responses and demyelination in the spinal cord without increasing virus 

replication. This novel aspect of cuprizone is a proposed consequence of selective 

inhibition of immune-mediated tissue damage or tissue preserving properties, 

respectively. The results of the present study might be of importance for further 

strategies to selectively reduce autoimmunity while maintaining antiviral immunity in 

inflammatory demyelinating disorders with a confirmed or suspected infectious 

etiology, such as MS or canine distemper. 
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Chapter 8 Zusammenfassung 
Der Einfluss von Cuprizon auf das murine Rückenmark und den Verlauf der 

demyelinisierenden murinen Theilervirus-Enzephalomyelitis 

Vanessa Herder 

Die Multiple Sklerose (MS) stellt eine der häufigsten Erkrankungen des zentralen 

Nervensystems von jungen Erwachsenen dar. Die Ursache dieser Erkrankung ist bis 

jetzt nicht geklärt. Derzeit werden allerdings verschiedene virale Infektionen in 

Betracht gezogen, welche die autoimmune Komponente der MS initiieren und infolge 

dessen eine Demyelinisierung in Gehirn und Rückenmark verursachen. Die aktuellen 

Therapiestrategien fokussieren sich auf eine Reduktion der Entzündung und dem 

damit verbundenen Gewebsschaden bei erkrankten Patienten. Die murine 

Theilervirus-Enzephalomyelitis (TME) ist ein gut etabliertes, virusinduziertes 

Tiermodell für die MS und ermöglicht die Untersuchung von Therapiestrategien. 

Durch immunsuppressive Therapien wird die allgemeine antivirale Immunantwort 

vermindert und infolge dessen kommt es zu einer Virus-Ausbreitung und einer 

klinischen Verschlechterung der Tiere im TME-Modell. Aus diesem Grund ist es das 

Ziel der Studie gewesen, den Einfluss von Cuprizon auf den Verlauf der TME zu 

untersuchen. Es sollte festgestellt werden, ob die Cuprizon-Fütterung einen positiven 

Einfluss im Sinne einer Limitierung des Gewebsschades im zentralen Nervensystem 

hat oder ob es zu einer Exazerbation der Virusinfektion mit klinischer 

Verschlechterung kommt, wie dieses bei der experimentellen autoimmunen 

Enzephalomyelitis gezeigt werden konnte. Das TME-Virus verursacht im 

Rückenmark eine entzündliche Demyelinisierung. Bisher lagen nur wenig Daten über 

Cuprizon-induzierte Effekte im Rückenmark vor. Deshalb wurde im ersten Teil der 

Studie der Einfluss der Cuprizon-Fütterung auf das Rückenmark untersucht. 

Basierend auf der Hypothese, dass die Gliazell-Verteilung und die toxininduzierten 

Schäden in verschiedenen Regionen des zentralen Nervensystems variieren, war es 

das Ziel, den Einfluss von Cuprizon auf die Myelin-Integrität bei SJL- und C57BL/6-

Mäusen im Rückenmark im Vergleich zum Corpus callosum zu untersuchen. Die 

fünf-wöchige Cuprizon-Fütterung induzierte im Corpus callosum die erwartete 
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Demyelinisierung. Im Rückenmark wurde allerdings mittels Luxol-Fast-Blue-Färbung, 

Immunhistologie (Myelin basisches Protein, Proteolipid Protein und 2’,3’-zyklische 

Nukleotid 3’-Phosphodiesterase) kein Myelinverlust in der weißen und grauen 

Substanz beider Mausstämme festgestellt. Darüber hinaus war kein Unterschied in 

der Anzahl der T- und B-Zellen sowie der Astrogliose im Rückenmark feststellbar. In 

SJL-Mäusen wurde nach Absetzen der Cuprizon-Fütterung eine erhöhte Anzahl von 

Mikroglia/Makrophagen mittels Immunhistolgie (CD107b) und RT-qPCR (CD11b) 

festgestellt. Der C57BL/6-Mausstamm zeigte keine Unterschiede in der 

Genexpression an allen untersuchten Zeitpunkten. Während der Frühphase der 

Cuprizon-Fütterung wurde eine erhöhte Apoptose-Rate im Rückenmark festgestellt, 

wohingegen die mRNS-Kopien des Myelin basischen Proteins signifikant reduziert 

waren. Auch die Anzahl der NogoA+ Oligodendrozyten war bei SJL-, nicht aber bei 

C57BL/6-Mäusen erhöht. Das Fehlen von Demyelinisierung im zervikalen und 

thorakalen Rückenmark bei Cuprizon-gefütterten Mäusen stellt das Prinzip großer 

morphologischer und wahrscheinlich auch funktioneller, regionaler Unterschiede 

zwischen Gehirn und Rückenmark heraus. Als Erklärung für diese Unterschiede 

kommen Regionen-spezifische Empfänglichkeiten gegenüber oxidativem Streß in 

Frage, die einen Einfluss auf die Pathogenese von demyelinisierenden Erkrankungen 

haben. Die Ergebnisse des ersten Teils dieser Studie stellen die Grundlage für den 

Einfluss von Cuprizon auf den Verlauf der TMEV-induzierten Demyelinisierung im 

zweiten Teil der Studie dar.  

Um die Hypothese zu verifizieren, dass Cuprizon selektiv den progressiven Verlauf 

der TME vermindert, wurde der Einfluss des Toxins auf die Progression der TMEV-

Infektion in SJL-Mäusen untersucht. Es wurde gezeigt, dass der progressive 

klinische Verlauf der TME mittels einer fünf-wöchigen Cuprizon-Fütterung signifikant 

verzögert wurde. Bis zu zehn Wochen nach Absetzen der Cuprizon-Fütterung 

zeigten TMEV-infizierte Mäuse eine signifikant verbesserte Motorkoordination im 

Vergleich zu Mäusen, die nur virusinfiziert waren. Darüber hinaus fand sich in den 

Mäusen mit Virusinfektion und Cuprizon-Fütterung eine signifikante Reduktion der 

Myelitis, Demyelinisierung und Infiltration mit CD107b+ Mikroglia/Makrophagen, 

CD45R+ B-Zellen, CD3+ T-Zellen und Foxp3+ regulatorischen T-Zellen im Vergleich 
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zu virus-infizierten Mäusen ohne Cuprizon-Fütterung. Auf transkriptioneller Ebene 

wurde eine Reduktion der pro- und anti-inflammatorischen Zytokine (TNF-α, IL1-α, 

IL-2, IL-12, IL-23, IFN-γ, IL-4, IL-10 und TGF-β) bei virusinfizierten und 

cuprizongefütterten Mäusen im Vergleich zu ausschließlich virusinfizierten Tieren 

festgestellt. Die Untersuchung auf Axonopathien ergab keine Unterschiede in beiden 

Gruppen. Die Menge an Virusprotein war im Gegensatz zur Menge an viraler RNS 

nicht reduziert. Die Ergebnisse zeigen, dass eine Cuprizon-Fütterung zu einer 

Reduktion der Myelitis auf Protein- und Transkriptionsebene führt und mit einer 

temporären Verbesserung des klinischen Verlaufs assoziiert ist, obwohl eine 

kontinuierliche Ausbreitung des Virus und sowie des axonalen Schadens vorliegt. 

Zum ersten Mal wurde gezeigt, dass Cuprizon die Progression der TME durch eine 

reduzierte Entzündungszellinfiltration und Demyelinisierung im Rückenmark 

abmildert und dass dabei keine Virusexazerbation stattfindet. Dieser neue Aspekt 

von Cuprizon ist möglicherweise Folge einer selektiven Hemmung des immun-

mediierten Gewebsschadens. Die Ergebnisse dieser Studie stellen einen wichtigen 

Beitrag zur selektiven Hemmung der Autoimmunität bei erhaltener anti-viraler 

Immunantwort bei entzündlich-demyelinisierenden Erkrankungen mit einer 

nachgewiesenen oder vermuteten infektiösen Ursache, wie der MS oder der kaninen 

Staupe, dar.  
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