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Multiple sclerosis (MS) is a demyelinating disease of the central nervous system (CNS), its pathology consists of immune infiltration into the CNS, inflammation, demyelination and finally axonal degeneration. The development of therapies to promote remyelination in MS is a key research aim.  
Currently, in vitro systems culturing oligodendrocyte precursor cells (OPCs) with CNS or peripheral nervous system neurons are relatively simple, not relevant to physiology and most of them non adapted to high-throughput screening, and testing a remyelination therapy in the many and various in vivo models of MS is expensive in terms of time, animals and money.  
Thus, a relevant and robust system mimicking the physiological aspect of the central myelination is needed to find new potential treatments. Myelination in the CNS involves sequential developmental processes in which OPCs migrate, proliferate, and differentiate into newly formed oligodendrocytes, after which those oligodendrocytes (OL) selected by target-dependent 
survival mechanisms wrap myelin membrane around the axons to form the sheath. Each oligodendrocyte can myelinate many axons, with the number of wraps proportional to the axon diameter and regulated tightly by reciprocal signaling between oligodendrocyte and axons. To be relevant, a model of CNS myelination has to reproduce chronically these different steps 
of the process. Here, we developed a reproducible in vitro myelination model based on primary mix culture of central neurons and OL culturing in 96-well plate and then adapted to high throughput screening. We also have developed an automated system of quantifying myelination, to enable the use of this model as a fast and objective screen.  
On this model, the effects if Estr were assessed; we showed that bE was able to increase the proliferation of OPCs as well as the formation and maturation of myelin. Moreover, the effects of Estr were studied on purified OPC culture; as well as on OL culture.  The effects of Estr on neurite outgrowth were studied on cortical neurons / glia cells culture.  

CENTRAL NEURONS  / OL  MIX CULTURE 
Neurons / Oligodendrocytes were cultured as previously described by Charles et al., 2000. Briefly, the Forebrains of 17 day rats embryos (Wistar; Janvier) were removed and cortex were 
dissociated by trypsinisation for 20 min at 37ºC (Trypsin EDTA 1X; PanBiotech) and  cells were then mechanically dissociated by 3 passages through a 10 ml pipette. Cells were then centrifuged 
at 515 x g for 10 min at 4°C and  the cells of pellet were re-suspended in  Neurobasal medium (Invitrogen) supplemented with 2% of B27 (Invitrogen), 2 mM of L-glutamine (L Glu ; PanBiotech), 
2% of PS solution, 1 % of FCS and 10 ng/ml of platelet-derived growth factor (PDGF; PanBiotech). The cells were seeded at a density of 20000 cells/well in 96 well-plates pre-coated with poly-L-
lysine (PLL, Greiner) and laminin (Sigma). Cells were immediately incubated with or without Estr (50 ng/ml, Sigma). The plates were maintained at 37°C in an humidified incubator, in an 
atmosphere of air (95%)-CO2 (5%).  
Step 3 : OPC culture : Cell suspension obtained from step 1 were centrifuged (300×g at 10 min) and were resuspended in 70µL of cold solution of HBSS without calcium and magnesium (HBSS 
w/o Ca/Mg, PanBiotech )with 0.5% of BSA for10 min at 4°C. Afterwards, cells were mixed with 20µL of mouse anti-A2B5 antibody (ab) directly labeled with supermagnetic MicroBeads 
(monoclonal antimouse A2B5, IgM) and incubated for 15 min at 4°C with gentle mixing every 5 min. Next, the cells were washed by adding 2 ml of HBSS w/o Ca/Mg with 0.5% of BSA, 
centrifuged  at 300×g for 10 min; the pellet was resuspended in 500µL of HBSS w/o Ca/Mg with 0.5% of BSA and processed to final separation by using MiniMACs Separator Column. The 
positive glial A2B5 fraction retained in the column attached to the magnet. The positively labeled A2B5 cells were flushed with 2ml of HBSS w/o Ca/Mg with 0.5 % of BSA, then cells were 
centrifuged for 5min at 300×g. Cells were plated at the density of 10000 cells/well in 96 cell well plates pre-coating with PLL in culture medium (DMEM + 2 % SVF + 1 % L Glu + 2 % PS + 1 % de 
N2 + 10 ng/ml de PDGF + 10 ng/ml of fibroblast growth factor basic (FGFb, PanBiotech) with or without Estr (50 nmol/L). 

1. Kinetic of myelination of central neurons by Oligodendrocytes in mix culture 

Effect of 17b-Estradiol in a long term in vitro model of central myelination : 
a treatment for Multiple sclerosis ? 
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a) Estr (50 nmol/L) was able to increase the proliferation of OPCs as well as the formation and maturation of myelin 
b) Estr on purified OPC culture was able to increase the proliferation and to activate the differentiation and the maturation of OPC to myelinating OL (even in absence of neuron).  
c) Estr on cortical neurons / glia cells culture induced an intense effect on neuritis outgrowth (as already well described in the literature see for review : Brown et al., 2009). 
d) Moreover, we observed that in the mix culture (OL/central neurons) Estr increased the axon diameter or neurons. It is well known that a strong correlation exists between axon diameter and degree of myelination in vivo and in vitro. Thus, an increase in axon diameter in response to Estr could be the signal triggering myelination, then the role of bE in myelination could be partly topological a decrease in curvature of axon due to an 

increase of its diameter could allow a better wrapping of a rather rigid membrane around it. Further investigations are ongoing in our lab to better understand this effect and its impact on the myelination process.  
All together these results suggest that Estr could be an appropriate therapeutic strategy to interfere with the progress of the still incurable central demyelinating disorders as MS.  
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2. Effect of Estr on central neurons myelination by OL (in the mix culture) 
In presence of Estr, a significant proliferation of OPC was observed (A2B5 staining) on day 12. Estr improved the 
differentiation of OPC in OL (as observed with the increase of O1 and MAG positive cells). After 18 days of treatment the 
OL feet length was significantly increased (fig B). The maturation of myelinated OL was significantly improved in presence 
of Estr (increase of MBP in OL wrap length, fig B&C). 
   

3. Effect of Estr on OPC maturation and OL differentiation (purified cultures)  
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Effect of K252a: By contrast with WT cultures, 
MAG expression was significantly decreased in 
Tg cultures after 5 days treatment with K252a. 
By contrast K252a significantly increased the 
MBP expression in Tg co-cultures, the intensity 
of the effect was comparable to the one 
observed in treated WT cocultures (C). This 
effect was observed throughout the time (up to 
13 days of treatment). 
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OPC purified culture AND OL culture 
Step 1: Isolation of glial precursors (NPC/OPC) : Oligodendrocytes were cultured as previously described by Chen et al., 2007. Forebrains were removed from 1-day-old newborn Wistar rat (Janvier). The all brains were dissociated by 
trypsinisation for 20 min at 37ºC  and  cells were then mechanically dissociated. Cells of one  brain were seeded in 75cm² flask (Greiner) treated Poly-L-Lysine (PLL, Sigma). The cultures were maintained in Dulbecco’s modified Eagle’s medium 
(DMEM; PanBiotech) containing 10% of FCS, 1 % of L Glu and 2 % of PS. The cells were maintained at 37°C in a humidified incubator, in an atmosphere of air (95%)-CO2 (5%). After 1 week of culture,  cells were confluent and were frozen to 
constitute a pool of cells (precursors).  
Step 2: Step of proliferation and isolation of OL : Cells obtained in step 1 were defrozen and plated in flask at a density of 10000 cells/cm², cells were fed with the same medium. After one week of culture, cells were confluent and were gentle 
agitated (102 rounds/min) for 1h in order to detach the microglia. Then, a new stronger agitation was done (204 rounds/min) overnight to detach immature OL. These cells were seeded at 15000 cells/well in 96 well-plates pre-coated with PLL 
in DMEM/F12  medium (Invitrogen) supplemented with 1 % of N2 (Invitrogen), 2% of FCS, 2 % of PS, 1 % of L Glu and 10 ng/ml of Brain-derived neurotrophic factor (BDNF, PanBiotech) and 10 ng/ml de PDGF-AA and Biotin (10µl/ml) with or 
without Estr (50 nmol/L). Cells were cultured at 37°C in a humidified air (95%)/CO2 (5%) atmosphere.  
Treatment and staining: Cells were incubated with or without 50 nmol/L of Estr from D1 to D24 days (for the mix culture); from D1 to D11 (for the OL maturation) and from D1 to D9 (for the OPC culture).  Half of this medium was changed every 
other day.  At different timing, cells were fixed and were incubated with different specific markers: (a) rabbit anti-NG2 polyclonal ab (abcam), (b) mouse anti A2B5 monoclonal ab (Millipore), (c) mouse anti-oligodendrocyte marker O4 
monoclonal ab (O4, Sigma), (d) mouse anti-oligodendrocyte marker O1 monoclonal ab (O1, Millipore), (e) mouse anti myelin associated Glycoprotein monoclonal ab (MAG, Millipore), (f) rabbit anti-Myelin Basic Protein polyclonal ab (MBP, 
Sigma). These antibodies were revealed with Alexa Fluor 568 goat anti-rabbit IgG and Alexa Fluor 488 goat anti-mouse IgG (Molecular probe). Nuclei of neurons were labeled by a fluorescent marker (Hoechst solution, Ho, Sigma).  
Statistical Analysis : Per well, 20 pictures were taken in the same conditions using InCell AnalyzerTM 1000 (GE Healthcare) with 20x or 40x magnification. Analysis of OPC, OL number as well as myelinated axons were done using Developer 
software (GE Healthcare).  All values are expressed as mean ± s.e.mean  Statistic analyses were done on different conditions (ANOVA one or two way followed by Fischer’s test).  *p < 0.05 was considered significant.  
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Estr induced a significant increase of OPC 
proliferation (fig A)  as well as speed of the 
differentiation and maturation of 
immature OL in premyelinating OL 
(featuring with myelinating wrap, see fig B 
and C). 
The culture of purified OL showed a small 
expression of MBP protein (even in 
presence of Estr) even after 11 days of 
culture due to the lack of neurons in the 
culture, the maturation stayed incomplete. 
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4. Effect of Estr on neurite outgrowth (cortical  neurons) and axon diameter (in mix culture)  
 
 Estr induced a significant increase of neurite outgrowth in cortical 

/ glia culture (fig 4B) as well as in mix culture. 
 
In mix culture the axon diameter was clearly increased in presence 
of Estr treatment (as shown fig A) . 
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