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Abstract 

Multiple sclerosis (MS) is an autoimmune disease, which causes demyelination in the 
central nervous system. Under physiological conditions repair of MS lesions by 
endogenous remyelination is minimal. Therefore, several clinical trials on stem cell therapy 
for oligodendrocyte replacement are ongoing. It has been shown that forced expression of 
specific transcription factors promotes the conversion of mouse fibroblasts into functional 
oligodendrocytes. We have adapted this procedure to convert mouse reactive astrocytes 
into oligodendrocytes in-vitro by forced expression of the transcription factors Sox10, 
Olig2, Zfp536, and the epigenetic regulator Ezh2. These astrocyte-derived oligodendrocyte 
precursor cells (iOPCs) are capable to form myelin in-vitro. This transcription factor-induced 
reprogramming of astrocyte into oligodendrocyte conversion may be applied to induce 
local myelin repair in demyelinating diseases such as MS. 
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Introduction 

Demyelination and loss of oligodendrocytes are primary hallmarks of multiple sclerosis 
(MS). Demyelinated axons ultimately degenerate, leading to the neurological symptoms of 
MS1, 2. Recovery from axonal degeneration is dependent on remyelination of regenerating 
and spared axons3. The mammalian CNS maintains an endogenous reservoir of 
oligodendrocyte precursor cells (OPCs), capable of generating new oligodendrocytes. 
However, the endogenous response is insufficient to remyelinate surviving axons. Anti-
inflammatory therapy is currently applied to slow down the disease process but 
therapeutic targets for the promotion of myelin repair are not available4. Autologous OPCs 
can be derived from skin-derived neural crest cells5. However, the quantity of these 
autologous pro-neural cells is too limited for cell transplantation-based remyelination 
therapy. The discovery that autologous, induced pluripotent stem cells can be generated 
from easily accessible skin cells, may offer a therapeutic approach for MS patients6-8. 
Previous research from our lab has shown that remyelination can be achieved either by 
implanting neural stem cells or iPSC-derived (mouse and human) OPCs in various mouse 
models for MS9, 10. Recently, as a proof of principle towards a clinical trial, we grafted 
human iPSC-derived OPCs in a marmoset MS model and showed efficient myelination by 
the implanted cells11. However, the risk of using pluripotent cell-derived precursors and the 
prolonged period required to differentiate iPS cells to oligodendrocyte precursors still 
pose considerable hurdles.  
 Using iPS-based technology, it has been shown that fibroblasts or astrocytes can be 
converted directly into neurons in both in-vitro and in-vivo conditions12-14. In-vivo 
reprogramming could become the future cell-based therapy for many neurodegenerative 
diseases15. In this respect, direct conversion of astrocytes towards oligodendrocytes for 
local myelin repair in-vivo would be a logical step towards efficient cell-based 
remyelination therapy. It has been shown that mouse fibroblasts can be converted to 
induced oligodendrocyte progenitor cells using three defined transcription factors (Sox10, 
Olig2, and Zfp536)16, 17. Based on these studies, we have developed a method for direct 
conversion of cultured mouse astrocytes into oligodendrocytes. Reactive astrocytes are 
abundantly present in MS plaques and express increased levels of OLIG2 and SOX218-20. 
Considering that, as a next logical step, we induced conversion by overexpression of three 
transcription factors (Sox10, Olig2, and Zfp536) in combination with Ezh2, a polycomb 
complex-2 protein, which allowed the conversion of astrocytes into oligodendrocytes. The 
functionality of astrocyte-derived OPCs (induced OPCs or iOPCs) were compared with 
those of OPCs that were differentiated along the normal path from neural stem cells.  

 
Materials and methods 
Cell culture 
Human Embryonic Kidney 293T (HEK293T) cells and primary mouse astrocytes, were 
cultured in standard complete medium (Dulbecco’s modified Eagle’s medium (DMEM-
GIBCO) supplemented with 10% Fetal Bovine serum (GIBCO), 1%  penicillin/streptomycin 
(GIBCO) and 0.1% MycoZap and filtered through a 0.45-μm filter). Primary neonatal 
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astrocytes were isolated from brains of postnatal day 1–3, C57BL/6 mice (both female and 
male pups were used). After removal of the meninges and brain stem, the brains were 
minced and washed in dissection medium (Hanks bovine salt serum, PAA; D-(+)-Glucose 
solution, Sigma; HEPES, PAA) and incubated in dissection medium supplemented with 
2.5% trypsin for 20 min. The trypsin treatment was stopped by addition of trypsin 
inhibition medium followed by washing with dissection medium supplemented with 10% 
FCS and 0.5 μg/ml DNase1. Cells were triturated using a glass pipette in 25 ml complete 
medium and centrifuged for 12 min, 165g at 12 °C. After centrifugation, the cell pellet was 
resuspended in standard complete medium and plated as 1.5 brains per T75 culture flask. 
HEK293T cells were used for lentiviral particle production and primary astrocytes were 
used for lentiviral transduction and conversion to oligodendrocytes precursor cells (OPCs). 
Mouse fibroblast were isolated form CNPase-GFP transgenic mouse background and 
reprogrammed using polycistronic lentivirus harboring 4 factors (Oct4, Sox2, Klf4 and 
cMyc). Derived iPSCs were differentiated in to neural stem cells as previously described by 
Marcin et al10. CNPase iPSC-derived neural stem cells were cultured in NSC-medium 
containing DMEM/F12 (GIBCO) and supplemented with 2mM Glutamax (GIBCO), 1% non-
essential amino acids (GIBCO), 1% penicillin/streptomycin (GIBCO), 1% N1 (Sigma), 2% B27 
without vitamin A (GIBCO), 5µg/ml heparin, 20ng/ml basic fibroblast growth factor (bFGF-
peprotech), 20ng/ml epidermal growth factor (EGF-peprotech) and 0.1% MycoZap. Cells 
were incubated in a 37°C incubator with a humidified atmosphere of 5% CO2 and 
passaged with trypsin-EDTA or Accutase when confluent.  
 
Lentivirus production 
Lentivirus was produced in HEK293T cells in a 100mm cell culture dish following 
transfection with plasmids containing Sox10, Zfp536, Ezh2, and Olig2, together with 
pMD2-VSV-G and pCMV-D8.91 plasmids. Lentiviral particle containing medium was 
collected 48h post-transfection, filtered through a 0,45µm filter and concentrated with 
Amicon Ultra 100,000 MWCO centrifugal filters (Millipore). The concentrated supernatant 
was diluted with 1 ml of fresh astrocyte medium, consisting of Dulbecco’s modified Eagle’s 
medium (DMEM-GIBCO) supplemented with 10% Fetal Bovine serum (FBS-GIBCO), 1%  
penicillin/streptomycin (GIBCO) and 0,1% MycoZap, containing 8μg/ml polybrene (Sigma-
Aldrich) and used to transduce circa 100,000 astrocytes. Primary astrocytes were co-
infected with a ubiquitin promoter driving M2rtTA, enabling conditional and controlled 
expression of the reprogramming factor, i.e. only in the presence of doxycycline. 
Lentivirus-containing medium was replaced the following day and cells were cultured in 
astrocyte medium for another 3 days. Different combinations of factors were used for 
transduction: 1) all four factors: Olig2, Sox10, Zfp536, and Ezh2 2) three factors: Sox10, 
Zfp536, and Ezh2; Sox10, Olig2, and Ezh2; or Zfp536, Olig2, and Ezh2, and 3) two factors: 
Sox10 and Ezh2; Zfp536 and Ezh2; Olig2 and Ezh2. After 4 days, viral media was removed 
and replaced with medium containing 2μg/ml doxycycline to induce the expression of 
reprogramming factors (day 0). 
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Transdifferentiation of astrocytes to oligodendrocytes 
Transduced astrocytes were replated on poly-L-ornithine/laminin-coated plates in 
standard complete astrocyte medium. After 72 hrs, this medium was changed to 
proliferation medium (day 6) which consisted of DMEM/F12 (GIBCO) supplemented with 
2mM Glutamax (GIBCO), 1% NEAA (GIBCO), 1% penicillin/streptomycin (GIBCO), 1% N1 
(Sigma), 2% B27 without vitamin A (GIBCO), 5 µg/ml Heparin, 50µM cAMP (Sigma), 200 
ng/ml sonic hedgehog (SHH-peprotech), 20 ng/ml bFGF, 20 ng/ml platelet-derived growth 
factor receptor alpha (PDGFRα- peprotech) and 0,1% MycoZap either in presence or 
absence of 2 μg/ml doxycycline. At day 31, proliferation medium was replaced by 
maturation medium that consisted of DMEM/F12 supplemented with 2mM Glutamax, 
1%NEAA, 1%penicillin/streptomycin, 1% N1, 10ng/ml neurotrophin 3 (NT3- peprotech), 
5µg/ml Heparin, 10 ng/ml insulin growth factor (IGF- peprotech), 20 ng/ml PDGFRα 
(peprotech) and 0.1% MycoZap. For OPC differentiation, NSCs were cultured in DMEM/F12 
supplemented with 2mM Glutamax, 1% Sodium-Pyruvate, 1% penicillin/streptomycin, 2% 
N1, 20ng/ml bFGF, 20ng/ml EGF, 10ng/ml PDGFRα and 0,1% MycoZap for 2 days. The 
following 2 days bFGF and EGF were omitted from the medium and PDGFRα was the only 
growth factor supplemented. Subsequently, 30ng/ml triiodothyronine (T3) and 10ng/ml 
NT3 were added to the medium without PDGFRα for 6-10 days (Glia medium). 
 
FACS sorting 
Mouse NSC-derived OPCs and astrocyte-derived OPCs were dissociated using accutase and 
collected in colorless DMEM. Astrocyte-derived iOPCs were stained with antibody 
(CD140a-PE : eBioscience) and collected in colorless DMEM. Cells were sorted on a MoFlow-
XDP flow cytometry using a 100μm  nozzle at a pressure of 15-20psi and replated on 
polyornithine/laminin (20μg/ml) coated coverslips or dishes for maturation. NSC-derived 
OPCs were sorted based on the expression of CNPase-GFP expression. 
 
Co-cultures of iOPCs and DRG neurons  
To examine the myelinating capacity of the mouse iOPCs (induced OPCs) in-vitro, they 
were co-cultured with rat DRG (dorsal root ganglion) neurons. DRG neurons were isolated 
from 15-day-old Wistar rat embryo's and digested in papain (1.2U/mL, Sigma), L-cysteine 
(0.24mg/mL, Sigma) and DNase I (40mg/mL, Roche) for 1 h at 37°C. The dissociated cells 
were plated at a density of 60,000 cells per 13-mm coverslips pre-coated with 
polylysine/laminin (PLL, 5μg/mL) and growth factor reduced matrigel (1:40 dilution). DRG 
neurons were cultured 21 days in DMEM (Gibco, supplemented with 10% FCS, L-glutamine 
and pen/strep) in the presence of nerve growth factor (100ng/mL). Cells were pulsed four 
times for 2 days with fluorodeoxyuridine (10μM) to remove contaminating proliferating 
cells, in particular, fibroblasts and Schwann cells. The purity of the DRG culture was 
microscopically confirmed. Subsequently, approximately 25,000 iOPCs and NSC-derived 
OPCs were seeded onto coverslips containing the DRG neurons with extensive axonal 
outgrowth. The following day, the medium was changed to Glia medium (described above 
without PDGF-AA. OPCs were co-cultured with the DRG neurons for 24 days with medium 
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change every second day. After that period, cultures were fixed with 4% PFA and 
immunostained for myelin-basic protein (MBP) and neurofilament (NF). 
 
Immunohistochemistry 
PFA-fixed cells were washed two times with PBS. Nonspecific antibody binding sites were 
blocked using PBS+ (PBS containing 0,1% Triton-X) supplemented with 5% normal goat 
serum (NGS) and 2% fetal calf serum (FCS), for 1h at room temperature. Subsequent 
incubation with primary antibodies diluted in PBS+ with 1%NGS and 1%FSC was 
performed overnight at 4oC. After extensive washing with PBS, cells/tissues were incubated 
with appropriate secondary antibodies and Hoechst for 1h at room temperature washed 
with PBS and mounted on glass slides. The following primary antibodies directed against: 
Sox2 (CellSignaling; #4900S), Nestin (Millipore; MAB353), Pax6 (Millipore; AB2237), Olig2 
(IBL; 18953), Nkx2.2 (Hybridoma Bank; 74.5A5), PDGFRα (SantaCruz; sc-338), NG2 (Millipore; 
AB5320), MBP (Millipore; AB980), Neurofilament (RT97 & 2H3; DSHB) were used. Alexa 488 
and Cy3-conjugated secondary antibodies were used in combination with Hoechst nuclear 
staining. Confocal imaging was performed with Zeiss LSM confocal laser scanning 
microscope. 
 
Electron microscopy 
Cells of the DRG-co-cultures were postfixed in 1% osmium tetroxide in 0,1M sodium 
cacodylate for 2 hrs at 4 degrees. After washing with water the samples were dehydrated 
through ethanol series (30, 50, 70, 100%), impregnated overnight in 1:1 EPON in ethanol. 
The diluted EPON was replaced by pure EPON and refreshed 3 times. Sections were flat 
embedded between 2 sheets of Aclar and polymerized at 58°C. Using a stereomicroscope 
1x1 mm areas representing normal myelination, demyelination were cut out and glued on 
an EPON stub. Ultrathin sections (70nm) were cut using a Leica UC7 ultramicrotome, 
contrasted with 2% uranyl acetate in methanol and with Reynolds lead citrate (2 minutes 
each). Images were taken with an FEI Cm100 transmission electron microscope operated at 
80 KV equipped with a Morada digital camera (Olympus SIS). 
 
Results 
Characterization of cultured (reactive) astrocytes 
For the in-vitro conversion experiments, we have isolated astrocytes from C57BL/6 inbred 
mice and cultured them in DMEM (Dulbecco's Modified Eagle's Medium) with 10%FCS 
(Fetal Calf Serum) (Fig. 1b). Cell morphology shows classical (reactive) astrocyte 
morphology with multiple extensions, over a number of passages. Cells were examined by 
immunostaining for various neural stem cell- (NSC) and oligodendrocyte precursor (OPC) 
markers (Fig. 1b). Thus cultured astrocytes expressed markers of neural stem cells such as 
nestin, vimentin, and Sox2 together with expression of GFAP (Fig. 1b). OPC markers such as 
Olig2, PDGFRα, and MBP remained negative in the astrocyte cultures, which indicated the 
absence of any progenitor that can give rise to mature oligodendrocytes (Fig. 1b). 
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Figure. 1 Characterization and conversion of cultured astrocytes into oligodendrocytes. a) Schematic 
representation for the direction conversion procedure from primary cultured astrocytes. b) Bright field image 
of cultured astrocytes and immunostaining of cultured astrocytes for various glial and neural stem cell 
markers (Astrocytes: GFAP, Oligodendrocytes: Olig2, PDGFRα and MBP, Neural stem cells: Nestin, SOX-2, and 
Vimentin). Scale bars: 50 & 100µm. c) Astrocytes after transduction with lentiviral vectors carrying 
doxycycline inducible GFP and reprogramming factors (Sox10, Olig2, Zfp536 and Ezh2), Dox (8days) : 
doxycycline withdrawn after 8days of exposure;  Dox (+) : transduced astrocytes were continuously cultured 
in the presence of doxycycline. Change in morphology of astrocytes to OPC-like cells were observed at day 
34 and 52, only in 8 days Dox exposed cultures, but not in continuously Dox exposed  cultures. Scale bars: 
100µm.  

Generation of induced iOPCs from mouse astrocytes 
Primary astrocytes were transduced with a lentiviral construct encoding for Sox10, Zfp536, 
Olig2, Ezh2, and fluorescent protein GFP under the control of the tetO promoter. Cells were 
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also co-transduced with a lentiviral construct encoding Ubiquitin promoter driving M2rtTA 
for inducible expression of the transcription factors upon addition of doxycycline (Fig. 1c). 
The transduction efficiency of the reprogramming factors was calculated by GFP 
fluorescence marker (nearly 80-90%) upon induction with doxycycline (Fig. 1c). After a 
short induction with doxycycline (8days: temporal overexpression of Sox10, Zfp536, Olig2 
and Ezh2), we observed the change in the morphology of the astrocytes into a more 
bipolar structure similar to NSC-derived OPCs around 30days culturing in proliferation 
medium (Fig. 1c). After doxycycline withdrawal, the cells were more proliferative in the 
presence of mitogens such as platelet-derived growth factor (PDGFRα), basic fibroblast 
growth factor (bFGF), and sonic hedgehog (SHH). In contrast, we did not observe any 
change in astrocytes that were exposed to continuous activation of reprogramming 
factors under doxycycline-inducible cassette (Fig. 1c) 
 

 
Figure 2. Differentiation of NSCs into oligodendrocyte progenitor cells. a) Schematic representation of 
OPC differentiation of neural stem cells. b) Immunostaining for multipotent markers on neural stem cells 
(Nestin, SOX-2 and Vimentin). Scale bars: 50µm. c) Sorting of NSC-derived OPCs based on CNPase-GFP 
expression and bright field image of OPCs derived from neural stem cells. Scale bars: 100µm. 

This showed that short expression of the 3 transcription factors and Ezh2 is necessary for 
the conversion of astrocytes into induced oligodendrocytes progenitor cells (iOPCs). 
Moreover, cells transduced with other combination of transcription factors did not show 
any change in morphology (three factors: Sox10, Zfp536, and Ezh2; Sox10, Olig2, and Ezh2; 
or Zfp536, Olig2, and Ezh2, two factors: Sox10 and Ezh2; Zfp536 and Ezh2; Olig2 and Ezh2).  
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Figure 3. Characterization of astrocyte-derived iOPCs. a) Purification of astrocyte-derived iOPCs by FACS 
(Antibody: CD140a-PE) b) Bright field image of NSC-derived OPCs (day 14) and astrocyte-derived iOPC (day 
54). Scale bars: 100µm. c) Immunostaining for various OPC and astrocyte markers on NSC-derived OPCs and 
astrocytes derived iOPC (Olig2, PDGFRα, NG2, Nkx2.2, MBP and GFAP). Scale bars: 50µm. 

To examine the gene expression and morphology of astrocyte-derived OPCs (iOPCs), we 
compared them with OPCs that were derived from NSCs. We used NSCs differentiated from 
CNPase-GFP iPSCs derived transgenic mouse fibroblast. To differentiate NSCs into OPCs, 
we plated them on PDL-Laminin-coated coverslips with mitogen PDGFRα in N2 medium 
(Figure 2a, b). After 4days, we observed the changes in the morphology of the cells 
towards a bipolar shape and the cells started expressing various oligodendrocyte lineage 
related markers such as PDGFRα and Olig2 (Fig. 2a, b). Maturation of NSC-derived OPCs 
into oligodendrocytes was achieved by withdrawal of PDGFRα from the culture medium 
and addition of a growth factor NT-3 and T3 hormone (Fig. 2a, b). The NSC-derived OPCs 
were purified by FACS based on the GFP expression driven by CNPase. Similarly, astrocyte-
derived iOPCs were maturated by growth factor withdrawal and purified by FACS based on 
expression of PDFGRα/CD140a (Fig. 3a).   

Characterization of iOPCs 
At the end of the conversion, which typically took around 10-12 days, iOPCs or NSC-
derived OPCs were seeded on to laminin substrate for maturation. Most of the 
differentiated or converted cells showed a typical multipolar OPC morphology (Fig. 3a) and 
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stained positive for OPC markers such as PDGFRα, NKX2.2, NG2, Olig2 (Fig. 3b). After 1-2 
weeks culturing in growth factor reduced conditions, oligodendrocytes showed MBP-
positive staining (Fig. 3b). The yield of iOPCs varied between 15-20% and was dependent 
on the transduction efficiency, cell proliferation, and cell death. The efficiency of iOPCs 
conversion was assessed by expression of PDFGRα or CD140a by FACS. We observed no 
change in the expression pattern of various markers in both NSC-derived OPCs and iOPCs 
(Fig. 3b). 

 

Figure 4. In-vitro myelination of DRG axons by NSC-derived OPCs and iOPCs. (a) 5-week old co-culture of 
NSC-derived OPCs or iOPCs (MBP-green) and rat DRG neurons (Neurofilament-red); High magnification 
images show the wrapping of green MBP-positive OPC extensions along and around red Neurofilament-
stained axons. Scale bars: 100µm and 25µm. 

Functionality of iOPCs 
In order to verify the proper reprogramming and proper functionality of astrocyte-derived 
iOPCs, we examined myelin formation in iOPCs co-cultured with rat DRG neurons. Four 
weeks after co-culturing, iOPCs developed into mature, myelin-producing 
oligodendrocytes with a survival rate much higher than observed in monocultures lacking 
DRG neurons. To examine the myelination capacity of iOPCs in the presence of DRG 
neurons we stained for MBP and neurofilament after 4 weeks in culture (Fig. 4a). We 
observed no difference in the capacity to form myelin between NSC-derived OPCs and 
iOPCs. High magnification images revealed extensive myelination around the DRG axons 
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proving the myelin-forming capacity of the iOPCs (Fig. 4a). In order to identify and 
compare the myelination capacity of the NSC-derived OPCs and iOPCs, we performed 
transmission electron microscopy (TEM). After four weeks co-culturing of iOPCs with DRG 
neurons, we fixated and examined the differentiated oligodendrocytes (Fig. 5a). These 
oligodendrocytes were able to wrap their extensions around neighboring nude axons, 
forming thin myelin sheaths (Fig. 5b). We also quantified the G-ratio and numbers of 
myelin layers (cross section) around the axons of NSC-OPCs and iOPCs derived mature 
oligodendrocytes (Fig. 5c, d). This shows that derived iOPCs are capable of myelinating in-
vitro with similar quality as NSC-derived OPCs. 

 
Figure. 5. Electron microscopy analysis for NSC-derived OPCs and iOPCs. (a) Electron micrograph 
analysis of (overview: single cross section of a coverslip) NSC-derived OPCs and iOPCs co-cultured with DRG 
neurons (blue marking). Scale bars: 100µm and 50µm (b) NSC-derived OPCs and iOPCs myelinate multiple 
axons in the co-culture. Scale bars: 1µm and 500nm. (c) Quantification of the number of myelinating wraps 
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across the axon by oligodendrocytes derived from NSCs and iOPCs (n=10). (d) G-ratio calculation for a 
myelinated axon (n=10).  

Discussion 
Our findings demonstrate the possibility of conversion of reactive astrocytes into 
functional oligodendrocytes in-vitro by forced (short term) expression of three 
transcription factors (Sox10, Olig2, and Zfp536) and Ezh2, an epigenetic regulator. These 
results are in line with previous findings on the direct conversion of fibroblasts into 
neurons, astrocytes, neural stem cells and oligodendrocytes13, 16, 17, 21. Our observations 
suggest that it may become possible to reprogram astrocytes into functional 
oligodendrocytes in-situ in the vicinity of demyelinated lesions22, 23.  
Most interestingly, our study reveals the important role of Ezh2, a functional component of 
the Polycomb Repressive Complex 2 (PRC2), which plays a crucial role in epigenetic 
maintenance and differentiation of oligodendrocyte precursor cells24, 25. Previous research 
from our lab has shown that Ezh2 is downregulated upon differentation of NSCs into 
neurons and astrocytes but maintained a high level of expression during differentiation 
into oligodendrocytes precursor cells26, 27. In addition, overexpression of Ezh2 in mature 
astrocytes led to their de-differentation towards a NSC- like state27. Apparently, a high 
expression level of Ezh2 is necessary for NSC cell fate maintenance (self-renewal) and for 
oligodendrocyte cell lineage commitment. Short-term expression of epigenetic repressor 
Ezh2 with 3 other factors facilitated the conversion of reactive astrocytes to OPCs, showing 
the highly coordinated function of Ezh2 in gene regulation by altering the methylation in 
astrocytes lineage26, 28. Whereas, both NSC-derived OPCs and iOPCs myelinate DRG axons 
in-vitro, it needs to be established whether damaged axons in MS lesions can be 
remyelinated as well by iOPCs. Furthermore, it needs to be evaluated whether direct 
conversion of astrocytes into iOPCs can be achieved in MS lesions. It is thus necessary to 
acquire more insight whether direct conversion can be executed in reactive astrocytes 
under inflammatory conditions in vivo. Present work provides the proof of principle that by 
using four factors we can efficiently reprogramme astrocytes into OPCs in mouse cells; 
further experiments are necessary to show the possibility to convert human astrocytes. The 
efficiency of the conversion in-vitro is purely based on the viral titer and growth conditions, 
but in-vivo reprogramming might require a laborious standardization in an animal model 
for MS before it can be translated into humans.  
Furthermore, constitutive activation of the reprogramming factors in brain tissue may lead 
to tumor formation in-vivo. Alternative methods may need to be explored for efficient 
delivery of the required transcription factors in order to achieve safe and high conversion 
rates29-31. Even though lineage reprogramming has rapidly progressed in recent years, a 
number of issues remain to be resolved including: functional maturation of the converted 
cells, inefficient conversion, and transfection of a specific cell type in the tissue30. Once 
these obstacles have been removed, this approach could provide a cellular therapy for 
various demyelinating disorders.  
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In conclusion, our study provides a unique way of approaching remyelination in brain 
based on iPSC technology and could be a powerful tool for regenerative therapy. 
Identifying the necessary factors for reprogramming human astrocytes in-vivo is the 
essential step to resolve various demyelinating disorders. Long-term studies in animal 
models using the derived autologous iOPCs or in-vivo reprogramming will be necessary to 
evaluate the safety and efficacy of this technology.  
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