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Induced pluripotent stem cells 
The ground-breaking discovery of induced pluripotency implies that any somatic cell can 
be reprogrammed into a pluripotent stem cell state by overexpression of specific 
transcription factors1, 2. Yamanaka and his research group were the first to demonstrate 
that the combination of the 4 transcription factors Oct4, Sox2, Klf4, and cMyc, thereafter 
called the “Yamanaka factors”, could induce the conversion of mouse somatic cells 
(fibroblasts) into pluripotent stem cells (iPSCs)3. These iPSCs have a similar gene expression 
profile, similar markers, and a similar differentiation capacity as embryonic stem cells 
(ESC)4. Detailed examination of iPSCs has shown that they have the potential to contribute 
to germline transmission and tetraploid complementation by injecting them into 
blastocysts5. This finding disclosed a wide range of novel possibilities where iPSCs can be 
used as a tool in many research fields including cell biology and regenerative medicine6, 7. 
PSC technology on human somatic cells has not only increased our understanding of 
human developmental biology but has proven its value for disease modeling and for new 
regenerative therapies. Both human embryonic stem cells (ESC) and iPSCs are thus widely 
used in modeling of genetic diseases, in toxicological studies, for drug screening, and as 
stem cell therapies8. The advantages of using human iPSCs are their unlimited source of 
cells and the lack of ethical constraints that are linked to the use/application of ESCs. 
Moreover, iPSCs can be differentiated into all desired cell types9. It has been shown that 
autologous iPSC-derived cells from patients suffering from multiple sclerosis (MS), 
Parkinson's disease (PD), amyotrophic lateral sclerosis (ALS), Alzheimer's disease (AD), 
spinocerebellar ataxia type 3 (SCA-3), and Huntington’s disease (HD) can be used to study 
the intrinsic changes in the affected cells10-12. Genome editing by CRISPR-Cas9 technology 
allows gene correction in patient-derived iPSCs, further enhances the understanding of 
disease-related genetic disorders and increases the possibilities for autologous stem cell 
therapy13-16. In any human disease, identification of the pathogenic mechanisms is a crucial 
step and in-vitro iPSC technology can provide more insights17, 18. Furthermore, observations 
in-vitro can be extrapolated to in-vivo animal models to determine validity of therapeutic 
drug targets19. Currently, many research groups are developing three-dimensional 
organoids as a physiological host environment for experiments on patient-derived iPSCs20-

22. These organoids provide resemblance to 3D tissue architecture and mimic human 
physiology and development. Several studies have reported that iPSCs cultured in 
organoids differentiate faster and better by interaction with neighboring cells23. 
collectively iPSC technology and its related findings provide a new platform for 
understanding basic biology and for therapeutic application of stem cells (Fig. 1). 
 
iPSCs in cell therapy and disease modeling 
Stem cell applications provide an emerging technology in the field of medicine. Whereas 
the sources of human stem cells are generally scarce, this limitation can be overcome by 
using differentiated cells generated by iPSC technology. Currently, iPSC-based therapeutic 
strategies are tested in animal models for diabetes mellitus, neurodegenerative 
(Parkinson's disease) and demyelinating disorders (Multiple sclerosis). Moreover, patient-
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derived iPSCs can be used to study intrinsic properties of the affected cell type and 
develop possible drug targets (Multiple sclerosis and spinocerebellar ataxia-3) (Fig. 1). 

                 
Figure 1 : A schematic representation for iPSCs in modeling of brain diseases and therapeutics. The 
scheme illustrates the possible use of reprogrammed iPSCs for autologous cell therapy, modeling various 
genetic and metabolic disorders, and identifying drug targets. 
 

Multiple sclerosis 
Multiple sclerosis (MS) is a neurodegenerative disorder characterized by focal 
inflammation, loss of myelin and axonal degeneration24, 25. Progressive loss of white matter 
and axonal damage leads to motor and sensory deficits. The question remains elusive 
whether inflammation triggers the loss of oligodendrocytes and neurons or the other way 
around26. The ultimate cause of MS still remains unknown but it seems evident that it is the 
consequence of a combination of environmental and genetic factors27. MS exists in 
different forms, relapsing-remitting (RRMS) being the most common form, diagnosed at 
early adulthood and prevalently in women. RRMS symptoms are characterized by discrete 
attacks followed by recovery of its symptoms. In most cases RRMS develops into secondary 
progressive MS (SPMS) characterized by a continuous gradual decline in neurological 
function. The third form is primary progressive (PPMS), characterized by a direct steady 
decline in neurological function from the onset of the disease (Fig. 2). Due to large 
variation between patients, dissimilarities in symptoms, and slow progression, the 
diagnosis of MS is challenging. Diagnosis of MS is currently based on clinical examination 
of the patients and identification of the lesions by Magnetic resonance imaging (MRI) 
scanning28. Recent technological advances in MRI techniques help in identifying early 
lesions with high precision including blood-brain barrier (BBB) disruption in patients29. 
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Cause of MS 
As already stated above, recent studies show increasing evidence that both environmental 
and genetic factors are playing an important role in MS disease onset and progression. The 
primary cause for MS remains unknown. Suggested causes of disease are exposure to 
Epstein Barr virus (EBV), deficiency of vitamin D, and cigarette smoking30-32. Moreover, 
several studies imply that dietary composition, in combination with genetic factors may 
enhance the prevalence of MS33. A range of genome-wide association studies (GWAS) 
shows the genetic association between MS and the variation in human leukocyte antigens 
(HLA)34-36. Other GWA studies have identified more than 150-190 additional risk loci, which 
might contribute to disease susceptibility. More than 50 variants are found in genes 
involved in vitamin D metabolism, however only a small fraction of these variants is 
correlating with the disease conditions37. These data show that the ultimate cause for MS 
has not yet been identified and currently the most commonly accepted model is 
autoimmune inflammation of the CNS24. This fits with the hypothesis of the ‘outside-in 
model’ for MS: auto-reactive T cells primarily infiltrate the CNS by crossing the blood-brain 
barrier and disturb brain homeostasis. This effect causes neurodegeneration (loss of 
oligodendrocytes and neurons) and subsequent additional activation of immune cells 
(microglia inflammation) followed by paralysis and sensory deficits. 
 

                                
Figure 2 : A schematic representation of heterogeneity in MS disease course. Above scheme indicates 
the possible change occurring in the brain during various stages of disease progression in MS. Adapted and 
modified from Dendrou et al 24. 
 

Demyelination and MS lesions  
Demyelinating diseases are generally hallmarked by loss of myelin accompanied by 
inflammation. Myelin loss can be identified by neurological examination, by analysis of the 
cerebrospinal fluid (CSF) and by neuroimaging27, 38, 39. Observation of MS lesion pathology 
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in postmortem MS brains has shown focal demyelination (plaques), with variable gliosis, 
intact axons, and inflammation40. MS lesions evolve over the course of early and chronic 
stages of the disease with ongoing demyelination and infiltration of immune cells41, 42. The 
classification of MS lesions has been a matter of debate and controversy over several 
decades. Simple observation of MS lesions by histological examination shows various 
levels of myelin-axon damage and distribution of macrophages/microglia43. Acute active 
lesions in MS are characterized by preservation of axons and massive infiltration of 
immune cells distributed throughout the lesion. In addition, such MS lesions contain 
remyelinating oligodendrocyte precursor cells (OPCs) and proliferative uni- or 
multinucleated astrocytes supporting the damaged axons44, 45. Chronic active MS lesions 
are characterized by an inactive center with reactive astrocytes and a defined margin with 
activated macrophages/microglia. Both acute- and chronic active MS lesions are 
predominantly found in early MS and in secondary progressive MS patients with ongoing 
relapses. Primary progressive or secondary progressive MS contains mostly inactive 
lesions46, 47. 
 
Axonal damage in relation to demyelination 
Axonal damage is a common feature of many neurodegenerative disorders and leads to 
impairment of the transport of proteins and organelles and eventually to disturbance of 
electrical signal transduction48. In MS, histopathological examination of MS postmortem 
brain tissue shows axonal loss in the corpus callosum and other regions of the CNS49. Loss 
of myelin-forming oligodendrocytes due to ongoing inflammation causes axonal injury 
and neurodegeneration50. This axonal damage or injury has been determined by 
immunohistochemical analysis of amyloid precursor protein (APP) in MS lesions51, 52. Under 
physiological conditions APP is transported along axons. In damaged axons, however, APP 
accumulates due to faulty transport. MS brain tissue for both acute and chronic active 
lesions stains positive for APP53. Moreover, axonal damage has been observed to occur 
without relation to inflammation suggesting that gray matter lesions in MS patients may 
have an alternative pathological cause38. 
 
Endogenous reservoir of OPCs 
Myelination is triggered by the neurons and requires a series of highly coordinated events 
induced by both intrinsic and micro-environmental stimuli. In the CNS, oligodendrocyte 
precursor cells (OPCs) differentiate into mature, myelin-forming oligodendrocytes during 
development54. Currently, various studies focus on the recruitment of the endogenous 
reservoir of adult OPCs to induce migration and remyelination of axons in MS lesions55. 
Stimulating this population of endogenous progenitors and recruitment to the lesion 
could provide possible therapeutic options for demyelinating diseases56. OPCs arise from 
various brain regions during development, including the ventricular zone, the anterior 
entopeduncular, the medial-, lateral- and caudal ganglionic eminence and the postnatal 
cortex57. Although OPCs are a heterogeneous population of cells, the majority 
differentiates into myelinating oligodendrocytes58, 59. In-vitro studies suggest OPCs 
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undergo six to eight cell divisions before they differentiate into mature oligodendrocytes. 
This shows a complex and tightly regulated mechanism for OPC proliferation and 
maturation60-62. Both intrinsic properties of OPCs and micro-environmental cues are 
necessary to achieve myelination.  
 
Remyelination failure  
Remyelination is the process of recovering the damaged myelin sheath and regaining the 
lost structure and function63. The CNS has an intrinsic, but limited capacity to repair 
damaged myelin and prevent axonal damage64. Remyelination depends on the availability 
of OPCs and their recruitment, the amount of axonal damage, gliosis and ongoing 
inflammation65, 66. In experimental animal models, remyelination occurs more efficiently in 
comparison to regeneration in patients67-69. In order to initiate remyelination, immune cells 
in the CNS need to phagocytose myelin debris, providing the proper environment for OPC 
recruitment70. Recruited precursor cells re-populate the lesion area, proliferate and start to 
produce myelin and cover the damaged axons71. These observations have been done in 
animal models for MS, which show rapid and highly efficient remyelination. But other 
studies show that this process does not happen as efficiently in MS and other 
demyelination disorders in humans72. The most crucial step for remyelination is 
recruitment of OPCs and re-population of the demyelinated area. This process is driven by 
the availability of growth factors and cytokines73-75. Inadequate supply of growth factors 
and cytokines most likely affects the recruitment of progenitors and the subsequent 
differentiation of OPCs into myelin-producing oligodendrocytes. In MS patients, repeated 
episodes of demyelination and remyelination may exhaust the progenitor population and 
ultimately lead to remyelination failure76, 77. In some cases the recruited OPCs in the lesion 
remain quiescent and fail to differentiate into remyelinating oligodendrocytes. 
Examination of postmortem brain tissue of MS patients has revealed two major types of 
MS lesions: one with failure of OPC recruitment, whereas the other shows the presence of 
OPCs that fail to differentiate (lack of O4-positive cells)78. Moreover, studies in animal 
models for MS suggest that aggregation of the extracellular matrix molecule fibronectin in 
the demyelinated lesion inhibits oligodendrocyte differentiation and remyelination79. This 
suggests that the microenvironment plays an important role in remyelination and 
differentiation of OPCs into mature O4-positive cells. In addition, viable axons are 
necessary for initiating the myelination process; this could be a rate-limiting step for 
myelination.   
 
Animal models for MS 
Over decades, multiple animal models have been devised to understand various aspects of 
MS, also due to the lack of a supply of MS brain tissue80. The most common and widely 
used models for MS are: the toxin-induced model for demyelination (cuprizone and 
lysolecithin induced demyelination model) and experimental autoimmune 
encephalomyelitis (EAE). The EAE model for MS is the most extensively used model to 
study demyelination and inflammation in CNS. EAE can be induced in animals (mice, rats, 
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guinea pigs, rabbits, goats, and primates) by subcutaneous injection of an emulsion 
containing adjuvants and synthetic myelin oligodendrocyte glycoprotein (MOG) 
peptides81. Most presently approved therapies for MS patients are based on the results of 
experiments conducted on mouse and primate EAE model for MS82. Cuprizone and 
lysolecithin animal models of MS are mainly used to study the process of focal 
demyelination and remyelination83. Most of the implantation studies are conducted on 
these models for MS to understand the myelination capacity of the implanted cells.  
   
Cell therapy for MS 
Demyelination followed by loss of neurons is the major cause of disease progression in 
MS84. Stimulating remyelination using an endogenous or exogenous source of cells is the 
only approach which may ensure long-term neuronal survival in MS patients85. Currently, 
researchers have studied remyelination in-vivo by grafting (stem)cells from a variety of 
sources in animal models for MS86-88. These studies include the use of neural stem cells 
(NSCs), oligodendrocyte precursor cells (OPCs), Schwann cells and mesenchymal stem cells 
(MSCs). NSCs and OPCs are considered the most likely candidates for remyelination due to 
long-lasting beneficial effects56, 89. Both types of precursor cells can migrate, proliferate and 
differentiate efficiently into mature oligodendrocytes90. Moreover, NSCs and OPCs are able 
to secrete neuroprotective factors (growth factors and cytokines)91-93 and modulate the 
local inflammation caused by immune cells. Additionally, the possibility of genetic 
manipulation of precursors by overexpression of transcription factors or other modulatory 
factors (e.g. IL-10, Olig-2 or PSA-NCAM) prior to transplantation could enhance their 
survival and function94, 95. Several studies suggest a beneficial effect of transplantation of 
mesenchymal stem cells (MSCs) in EAE, which has been shown to downregulate the 
immune response96.  

 
Figure 3 : A schematic representation for remyelination therapy in MS. The above scheme indicates the 
possible application of human iPSC-derived OPCs in remyelination in mouse and marmoset model for MS.  
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This suggests that MSCs isolated from various autologous tissues (e.g. bone marrow, fat 
tissue, skeletal muscle) may have therapeutic potential for clinical application in MS 
patients. In recent years, researchers have attempted to use neural stem cells (NSCs) or 
OPCs differentiated from mouse and human embryonic stem cells and iPSCs97, 98. 
Oligodendrocyte progenitor cells, derived from human embryonic stem cell, transplanted 
in an acute cervical spinal cord injury (SCI) model resulted in an improved histological 
outcome and lesion pathology99. Grafting of each of the above stem cell types for 
remyelination has its own advantages and limitations. Adult NSCs are difficult to obtain 
and have a very low proliferation capacity. The most exciting source for viable OPCs are 
iPSCs. The unlimited source of iPSC-derived OPCs, the possibility to assess their actual 
myelination capacity in-vitro and their autologous nature are very attractive for 
remyelination therapy100 (Fig. 3). However, several issues need to be addressed before 
considering clinical application of cell therapy using myelin-producing cells in MS patients. 
An appropriate and effective route of administrating the progenitors followed by 
adequate migration to the lesion site could be a potential hurdle. Long-term survival and 
myelinating capacity of the implanted cells in the lesion has to be monitored in both 
animal model and MS patients to avoid any rejections in later stages. Moreover, the risk 
that implanted iPSC-derived cells undergo any de-differentiation or lead to tumor 
formation should be completely eliminated.  
 
Trans-differentiation  
Transcription factor-induced (forced) reprogramming is now a widely recognized process 
of conversing one cell type into another functional specialized cell101. Several attempts 
have been made to transdifferentiate different cell types into cardiomyocytes, 
hepatocytes, neurons, neural stem cells, astrocytes, hematopoietic progenitor cell, and 
oligodendrocytes102-104. Based on this technology, specialized cells derived from patients 
can be used for disease modeling, identification of drug targets, and perhaps later for 
therapeutic application (Fig. 4). 
 
Reactive astrocytes 
In CNS, astrocytes are the most abundant type of glial cells, playing an important role in 
blood-brain barrier (BBB) maintenance, the regulation of blood flow, the provision of 
trophic and metabolic support for neurons and the regulation of synaptic transmission105-

107. Astrocytes are considered a homogeneous population of cells that regulate neuron-glia 
interactions and other CNS functions108. Lately, based on their morphological and 
functional properties, astrocytes have been classified into various subtypes109. Upon brain 
injury, astrocytes undergo a series of changes in morphology, gene expression, and 
function110, 111. The mouse model for demyelination injury or chronic amyloidosis has 
shown that reactive astrocytes protect neurons from damage by forming a protective 
barrier and reduce inflammation112. In addition, they are highly proliferative and 
upregulate markers similar to those of NSCs and radial glial cells, e.g. the intermediate 
filaments GFAP and vimentin113. Isolating and culturing reactive astrocytes reveal 
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characteristics of self-renewal and multipotency. In this context, we propose to utilize 
reactive astrocytes as a source to convert them into functional oligodendrocytes. Several 
studies have shown that during demyelination and neurodegeneration reactive astrocytes 
are abundant at the lesion site114. 
 
Properties of neural progenitors 
During development, neuro-epithelial progenitors undergo symmetric division and 
maintain a multipotent stem cell population in the cortex115, 116. During neurogenesis, a 
subpopulation of neuro-epithelial progenitors starts to express markers of glial cells and 
they are called radial glial cells117. These radial glial cells give rise to self-renewing daughter 
cells, which, upon asymmetric division, differentiate into astrocytes, oligodendrocytes, and 
neurons118. Under culture conditions, cells isolated from the fetal and adult brain can be 
maintained in a multipotent state (NSCs) by exposure to mitogens. In adult brain, NSCs 
reside in the subventricular zone (SVZ) and subgranular zone (SGZ)119, 120. This adult NSC 
population plays an important role in maintaining tissue organization and plasticity. 
Moreover, behavior studies in mice suggest that new neurons generated by these NSCs are 
crucial for learning and memory121, 122. In the SVZ, a significant amount of NSCs has been 
shown to differentiate into OPCs that migrate and myelinate axons in the corpus 
callosum123. During demyelination, NSCs from the SVZ differentiate into oligodendrocytes 
and contribute to myelin repair124. Further studies are needed to understand the role of 
adult NSCs and its function during neurodegeneration and demyelination. 
 

                            
    

Figure 4 : Transcription factors expressed during different stages of OPC differentiation. Examples of 
various transcription factors expressed in NSCs, OPCs and myelinating oligodendrocytes. 
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Transcription factors in OPC differentiation  
There are several transcription factors that play an important role in OPC specification 
during mouse and human fetal development. These transcription factors (Olig1/2, Nkx2.2, 
Nkx6.2, Sox10, Myrf, Ascl1, and Zfp546) are capable of inducing differentiation of neural 
progenitors into myelinating oligodendrocytes125-127 (Fig.  5). For example, overexpression 
of Ascl1 promotes rapid differentiation of mouse neural stem cells into 
oligodendrocytes128. Overexpression of Olig2 in human fetal NSCs induced an increased 
number of A2B5-positive cells and suppressed oligodendrocyte differentiation129. In mouse 
NSCs, overexpression of Olig2 enhances differentiation of oligodendrocyte lineages and 
showed rapid myelination in the cuprizone mouse model for MS94.  Furthermore, efficient 
differentiation of oligodendrocytes was achieved by mitogen withdrawal and 
overexpression of Sox10 in human NSCs. Recently, two independent studies reported that 
overexpressing a combination of two sets of transcription factors (Sox10, Olig2, and 
Nkx6.2; Sox10, Olig2, and Zfp536) is sufficient to convert mouse fibroblasts into 
oligodendrocytes 130, 131. Enhancer of zeste homologue 2 (Ezh2), a catalytic subunit of 
Polycomb repressive complex 2 (PRC2) has been shown to play an important role in 
lineage specification of astrocytes, neurons, and oligodendrocytes. Ezh2 is upregulated in 
differentiating oligodendrocytes and downregulated in both astrocytes and neurons132. A 
recent study demonstrated the efficient differentiation of oligodendrocytes from human 
iPSC-derived neural progenitor cells by the overexpression of three transcription factors 
(Sox10, Olig2, Nkx6.2); these iPSC-derived OPCs appeared to be able to form myelin in the 
shiverer mice model133. These studies suggest that transcription factor overexpression in 
somatic cells or progenitors can be a potential strategy to obtain OPCs for clinical 
application. 
 
Disease modelling 
Spinocerebellar ataxia type 3 
Spinocerebellar ataxia type 3 (SCA3), also known as Machado–Joseph disease (MJD), is the 
most dominantly inherited polyglutamine (polyQ) disease. SCA3 is an autosomal dominant 
neurodegenerative disease characterized by the neuronal loss in the cerebellum, thalamus 
and other regions of the brain134, 135. SCA3/MJD is clinically heterogeneous, but the main 
feature is progressive ataxia followed by a dystonic-rigid syndrome, parkinsonian 
syndrome, and peripheral neuropathy. SCA3/MJD is caused by an expanded stretch of CAG 
trinucleotides in the coding region of the ATXN3 gene136. Normally, healthy individuals 
have up to 44 repeats; affected patients have an expansion between 52 to 80 glutamine 
repeats. The size of the expansion strongly correlates with the age at onset (AO) of the 
disease. This expansion size is also directly linked to the propensity of the polyQ protein to 
form protein aggregates137. For this and many other reasons a gain of toxic function by the 
polyQ protein aggregates is considered as the main cause for disease initiation and loss of 
neurons137, 138. However, previous observations suggest that the full-length protein is not 
aggregating until a triggering event (caspases, calpains) activates the cleavage of the full-
length protein into ataxin-3 aggregation prone fragments139. Importantly, whilst CAG 
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trinucleotide repeat length accounts for 50-65% of the variance in AO, especially for 
intermediate or shorter repeat lengths, the disease onset can vary up to 30 years for 
patients with a similar repeat length140.  For both SCA3 and other polyQ disorders like e.g. 
Huntington’s disease (HD), this suggests that environmental and genetics factors can 
modulate the age of onset. Over decades, several potential modifiers for SCA3 pathology 
were identified by using in-vitro cell-based assays and animal models141-143. Most of the 
identified modifiers are components of protein quality control (PQC) such as proteasomal 
activity, autophagosomal activity, or heat shock protein (HSP) expression144-146. The latter 
findings suggested that, amongst others, differences in the expression levels of the HSPs 
among the SCA3 patients could modulate the AO independent of CAG trinucleotide repeat 
length. To test this hypothesis, we generated induced pluripotent stem cells (iPSCs) from 
healthy controls and from SCA3 patients with comparable CAG-repeat sizes but different 
AO to monitor ataxin-3 aggregate formation and measure the expression levels of the 
HSPs during the course of differentiation from stem cell to neurons. 
 
Thesis outline 
Pluripotent stem cells have been explored for several decades for their potential 
application in biomedical research and regenerative medicine. Under in-vitro culture 
conditions, embryonic stem (ES) cells isolated from mouse or human embryos can be 
genetically manipulated and can be differentiated into any cell type. The discovery of iPS 
cells (iPSCs) has revolutionized the research area of cell biology and has started a new era 
in regenerative medicine. In this thesis, we have addressed myelin-restorative strategies by 
grafting human iPSC-derived oligodendrocytes in animal models for MS (cuprizone and 
EAE). Using a similar technology with forced transcription factor expression, we have 
studied the transdifferentiation of astrocytes into oligodendrocytes as an alternative 
source for cell-based remyelination therapy. In addition, we derived iPSCs from 
spinocerebellar ataxia-3 and Huntington’s patient fibroblasts and differentiated them into 
neurons to investigate polyQ-mediated neurodegeneration. 
 
The major aim of this thesis is to examine the potential use of human iPSCs derived from 
controls and MS patients as a tool for stem cell-based therapy and disease modeling. 
Chapter I, provides a brief synopsis of iPSCs and their  implications for neurodegenerative 
disease. In addition, we introduce direct conversion as another possible strategy for 
disease modeling and therapeutics. 
In Chapter II, we describe the generation of iPSCs from human fibroblasts and their 
differentiation into OPCs. After verifying the functionality of our human iPSC-OPC in-vitro, 
we have implanted them in two independent mouse models for MS (cuprizone and EAE) as 
well as in a nonhuman primate model for MS to examine their efficacy in remyelination 
and neuroprotection. These experiments showed the survival of grafted iPSC-derived OPCs 
and their capacity to migrate towards MS-like lesions in the corpus callosum where they 
differentiated into myelin-forming mature oligodendrocytes. In Chapter III, we report 
about the generation of iPSCs from fibroblasts taken from primary progressive MS patients 
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and healthy control individuals and their differentiation into OPCs and neurons. We 
extensively characterized the control and MS iPSC-derived oligodendrocytes and neurons. 
Differentiated cells showed a normal morphology and expressed all relevant specific cell 
markers; no differences in differentiation capacity were observed between the different 
iPSC cell lines. In the near future, we intend to use these MS-patient derived cells as a tool 
to examine MS pathogenesis. In Chapter IV, we explore the possibility to directly 
reprogram astrocytes into OPCs using a vector containing a minimal set of cell-lineage-
specific transcription factors. Several reports already suggested that astrocytes in-vitro as 
well as in lesions in-vivo undergo gliosis and attain properties of multipotent stem cells 
(similar to NSCs). We took advantage of these properties and overexpressed transcription 
factors (Ezh2, Sox10, Olig2, and Zfp536), which indeed appeared to induce conversion of 
astrocytes into OPCs. These so-called iOPCs expressed markers similar to NSC-derived 
OPCs and developed into mature, myelin-producing oligodendrocytes that could 
myelinate nude axons in-vitro.  
In Chapter V, we focus on SCA3 and Huntington disease (HD and the use of iPSC 
technology to examine the cell type and patient-related sensitivity to protein aggregation 
of polyQ proteins in SCA3 and HD. We generated iPSCs from SCA3 and HD patients, which 
we differentiated into NSCs and, subsequently, neurons. Whereas none of the cell 
populations showed spontaneous protein aggregation, we found that glutamate 
treatment induced ataxin-3 aggregation in iPSC-derived SCA3 neurons but not in 
undifferentiated SCA3 iPSCs or iPSC-derived SCA3 NSCs. Analysis of chaperones revealed 
an almost complete loss of the anti-amyloidogenic chaperone DNAJB6 in iPSC-derived 
neurons. Moreover, knockdown of DNAJB6 in iPSCs and NSC derived from patients lead to 
spontaneous aggregation of the polyQ proteins in these iPSCs and NSCs. This shows that 
DNAJB6 expression is one of the key factors in determining neuronal hypersensitivity to 
polyQ-mediated neurodegeneration. Finally, in Chapter VI, the results described in all 
chapters of this thesis are discussed; we summarize our findings and discuss future 
perspectives. 
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