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Dear Editor,  

You will find attached our manuscript entitled « Myelin immunostaining on organotypic 

cultures of cerebellar slices», by Thetiot et al., that we wish to submit to Jove following your 

invitation. 

In the nervous system, myelin is a complex membrane structure generated by myelinating 

glial cells, which ensheaths axons and facilitate fast electrical conduction. Myelin alteration 

has been shown to occur in various neurological diseases, where it is associated with 

functional deficits. In order to study the myelination process, we use an ex vivo model 

corresponding to organotypic cultures of mouse cerebellar slices, which can be kept for 

multiple weeks in culture and further be stained to visualize myelin.  

Here, we describe how to detect myelin by immunofluorescence using antibodies directed 

against epitopes specific to major myelin proteins. We believe that this protocol might help 

improve the standard of neuroscience research, reduce publication bias and improve 

reproducibility. 

Yours sincerely 

Anne Desmazières 
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SUMMARY:  23 
Here we present a method to prepare organotypic slice cultures from mouse cerebellum and 24 
myelin sheath staining by immunohistochemistry suitable for investigating mechanisms of 25 
myelination and remyelination in the central nervous system. 26 
 27 
ABSTRACT:  28 
In the nervous system, myelin is a complex membrane structure generated by myelinating glial 29 
cells, which ensheathes axons and facilitates fast electrical conduction. Myelin alteration has 30 
been shown to occur in various neurological diseases, where it is associated with functional 31 
deficits. Here, we provide a detailed description of an ex vivo model consisting of mouse 32 
organotypic cerebellar slices, which can be maintained in culture for several weeks and further 33 
be labeled to visualize myelin.  34 
 35 
INTRODUCTION:  36 
Neurons are highly polarized cells, which comprise a somato-dendritic compartment that 37 
receives inputs from its environment and an axon that ensures the generation and propagation 38 
of electrical impulses to other cells. Rapid propagation and timely delivery of information is 39 
essential for the proper functioning of the nervous system. In vertebrates, it is facilitated by 40 
myelination, which allows increasing axonal conduction velocity1. Myelin is a specialized 41 
structure formed by compacted layers of plasma membrane generated by the myelinating glia, 42 
namely oligodendrocytes in the central nervous system (CNS) and Schwann cells in the peripheral 43 
nervous system (PNS). Both in the CNS and the PNS, axoglial interactions drive the formation of 44 
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specialized axonal domains: the nodes of Ranvier and their surrounding domains, the paranodes, 45 
and juxtaparanodes2. The axonal segments insulated by myelin, or internodes, alternate with the 46 
nodes of Ranvier, which correspond to small unmyelinated domains enriched in voltage-gated 47 
sodium channels (Nav). The high concentration and rapid activation of Nav channels at the nodes 48 

of Ranvier allow the regeneration of action potentials, and together with the insulating 49 
properties of the myelin sheaths, ensure the efficient and fast saltatory conduction of the nerve 50 
impulse along the axon3.  51 
 52 
In addition to its role in accelerating the conduction velocity of the nerve impulse, myelinating 53 
glia provides metabolic support to the axon, preserving its long-term integrity and participating 54 
in its survival4,5. Furthermore, it has become clear in recent years that myelin is dynamically 55 
modulated throughout life, thus presumably participating in the regulation and plasticity of 56 
various nervous system functions. Adjustments of the distribution, number, length, and thickness 57 
of myelin sheaths along axons might thus represent a novel way to finely tune various networks6–58 
8. Therefore, the evolutionary acquisition of myelin is a key process for sensory, motor and 59 
cognitive functions and the perturbation of the interaction between axons and glia is increasingly 60 
considered as contributing to the developmental or acquired neurological diseases9. 61 
 62 
Myelin composition has been characterized, with the specific feature of a high proportion of 63 
lipids (70%) compared to proteins (30%) in contrast to other cellular membranes10. However, 64 
unlike myelin lipids, most of myelin proteins are specific to myelin, including myelin basic protein 65 
(MBP), proteolipid protein (PLP), 2',3'-cyclic nucleotide 3’-phosphodiesterase (CNP), myelin-66 
associated glycoprotein (MAG), myelin-oligodendrocyte glycoprotein (MOG), PMP-22 and P010. 67 
Various histological methods to stain myelin exist based on its lipid composition, such as Luxol 68 
fast blue11, Sudan Black B12, Baker’s acid hematin method13, as well as silver staining14. 69 
Nevertheless, these approaches do not always allow for an adequate contrast and resolution to 70 
visualize individual fibers. An alternative approach to detect myelin is through 71 
immunohistochemistry directed against myelin proteins. Various antibodies target myelin-72 
specific antigens with a high specificity and can be used routinely to detect myelinated structures. 73 
The antibody-antigen interaction can be further revealed using a secondary antibody coupled to 74 
a fluorophore directed against the primary antibody and visualized with adequate fluorescence 75 
microscopy. Here, we describe an immunochemical protocol to stain myelin on ex vivo cerebellar 76 
slices, a model which allows for a good preservation of the nervous tissue architecture. In 77 
addition, the organization and size of the Purkinje cells (the sole myelinated neuron of the 78 
cerebellum) make them a classical model for electrophysiological studies and they are similarly 79 
ideal to perform fixed or live-imaging studies. 80 
 81 
The cerebellar slices are generated from P9-P10 mice, a time corresponding to the early onset of 82 
Purkinje cell myelination, a process that is mostly achieved by one week ex vivo (6-7 days in vitro, 83 
DIV)15. Furthermore, this model is adapted to investigate demyelinating disorders such as 84 
multiple sclerosis (MS), as an extensive demyelination can be induced in cerebellar slices using 85 
the myelinotoxic compound lysophosphatidylcholine (or lysolecithin, LPC), which is followed by 86 
a spontaneous remyelination16,17. Endogenous remyelination takes place from two days after LPC 87 
removal from the culture medium and is almost complete a week post treatment.  88 



   

   
 

 89 
The completion of this protocol takes approximatively 3 weeks, including half a day for cerebellar 90 
slice cultures preparation, a week to obtain fully myelinated slices, followed by 2 days to reach 91 
the peak of demyelination and another week for their full remyelination. In addition, 92 
immunohistochemistry can be completed in 2 days. The protocol described here is adapted to a 93 
standard litter of 6 mice pups and needs to be adapted regarding the number of animals used for 94 
the planned experiment. 95 
 96 
PROTOCOL:  97 
 98 
All work involving animals complied with institutional policies and guidelines established by the 99 
UPMC, INSERM and the French and European Community Council Directive 86/609/EEC. 100 
 101 
1. Preparation of culture medium and culture inserts (hands-on time ≈ 10-15 min) 102 
 103 
NOTE: Perform this step in a flow culture hood under sterile conditions 104 
 105 
1.1. Prepare 40 mL of culture medium, which consists of 50% BME, 25% Hank’s Balanced Salt 106 
Solution (1x), 25% heat-inactivated horse serum, supplemented with 2 mM glutamine derivative, 107 
100 IU/mL penicillin-streptomycin and 4.5 mg/mL D-Glucose. Adjust the pH to 7.4.  108 
 109 
1.2. Filter-sterilize the medium through a 0.22 μm filter adapted on a 50 mL plastic syringe.  110 
 111 
NOTE: Culture medium can be stored at 4 °C for at least a week. 112 
 113 
1.3. For a standard litter of 6 pups, use two sterile 6-well plates. For each plate, remove the 114 
cover and add 1 mL of culture medium per well. 115 
 116 
1.4. Place one culture insert into each individual well by holding the plastic edge with sterile 117 
forceps. Put the cover back on the plate.  118 
 119 
NOTE: The cerebellar slices collected from one pup (6-8) can be dispatched on two membranes 120 
(3-4 cerebellar slices per membrane insert). 121 
 122 
2. Preparation of dissection medium (hands-on time ≈ 5 min) 123 
 124 
NOTE: Perform this step in a flow culture hood under sterile conditions 125 
 126 
2.1.  Prepare 100 mL of dissection medium, which consists of Gey’s Balanced Salt Solution 127 
supplemented with 4.5 mg/mL D-Glucose and 1x penicillin–streptomycin (100 IU/mL each).  128 
 129 
2.2.  Filter-sterilize the medium through a 0.22 μm filter unit.  130 
 131 
NOTE: The dissection medium can be stored at 4 °C for at least a month. 132 



   

   
 

 133 
2.3.  Add 5 mL of cold dissection medium into 60-mm cell culture dishes. Prepare one 60-mm 134 
cell culture dish for each pup to be dissected. 135 
 136 
2.4.  Keep the dissection dishes on ice until use. 137 
 138 
3. Preparation of dissection material (hands-on time ≈ 15 min) 139 
 140 
3.1.  Clean the bench with 100% ethanol. 141 
 142 
3.2.  Sterilize all dissection tools, a razor blade and the tissue chopper’s plastic platform with 143 
100% ethanol.  144 
 145 
3.3.  Fix the razor blade and the plastic platform on the tissue chopper and adjust the cutting 146 
thickness to 300 µm.  147 
 148 
3.4.  Make sure all the ethanol has evaporated before starting the dissection. 149 
 150 
4. Cerebellum dissection and sections preparation (hands-on time ≈ 15-20 min per animal) 151 
 152 
4.1.  Place one of the 60-mm cell culture dishes containing the ice-cold dissection medium 153 
under the binocular microscope and remove the top plate. 154 
 155 
4.2.  Swab the head fur with 70% ethanol (carefully avoiding touching the eyes of the animal) 156 
and decapitate the animal using large sharp scissors, according to the approved procedure. 157 
 158 
NOTE: The cerebellar slices are generated from P9-P10 mice without any specific sex or strain 159 
bias. 160 
 161 
4.3.  Use small scissors to cut the skin along the midline of the head starting from the neck 162 
and going up to the mouse muzzle. 163 
 164 
4.4.  To hold the head and expose the skull, fold back the skin ventrally under the head, and 165 
pinch the two folds of skin between one’s fingers. 166 
 167 
4.5. Insert the small scissors gently into the foramen magnum and cut the skull by making one 168 
lateral incision towards the side and then cut all around the head skull. Keep the tip of the scissors 169 
as parallel and close to the skull as possible while cutting, to avoid damaging the brain tissue. 170 
 171 
4.6. Retrieve the dorsal part of the skull using fine-straight forceps. While carefully lifting the 172 
dorsal part of the skull, cut the adhering meninges (translucent irrigated membrane surrounding 173 
the brain tissue) if needed with small scissors to avoid damaging the brain tissue. 174 
 175 



   

   
 

4.7. Carefully introduce fine-straight forceps (or alternatively use a spatula) between the 176 
ventral skull and the brain, gently flip out the brain and cut the optic and trigeminal nerves with 177 
small scissors. 178 
 179 
4.8. Help the brain to drop by gravity into the 60-mm cell culture dish containing ice-cold 180 
dissection medium by turning the head upside down just above the dish and release the last 181 
adhesions with small scissors if needed. 182 
 183 
4.9. Using fine forceps, orientate the brain with the dorsal side facing the researcher, and the 184 
ventral side lying on the bottom of the dish. 185 
 186 
4.10. Under the binocular microscope, use the fine-straight forceps to immobilize the brain on 187 
the forebrain side and avoid touching the hindbrain, as it could get damaged. Separate the 188 
hindbrain from the rest of the brain (fore- and midbrain, see schematic on Figure 1Aa), using 189 
fine-straight forceps. To separate the cerebellum from the rest of the hindbrain, use the fine 190 
forceps to cut the cerebellar peduncles underneath the cerebellum (see schematic on Figure 191 
1Aa’). 192 
 193 
4.11. Once the cerebellum is isolated, carefully tear away the meninges using fine-straight 194 
forceps (see schematic on Figure 1Aa’). 195 
 196 
4.12. Hold the cerebellum gently with the fine curved forceps and place it with the dorsal side 197 
up onto the plastic platform perpendicularly to the chopper razor blade (see schematic on Figure 198 
1Bb). 199 
 200 
4.13. Aspirate any excess of dissection medium around the cerebellum using a sterile thin-end 201 
pipette tip adapted on a 1 mL pipette (see schematic on Figure 1Bb).  202 
 203 
4.14. Ensure that the cerebellum lays flat, but is not stretched, once placed onto the platform 204 
to get optimal sagittal slices during sectioning (see schematic on Figure 1Bb). 205 
 206 
4.15. Slice 300 μm-thick sagittal sections of the cerebellum with the tissue chopper (see 207 
schematic on Figure 1Bb’). The force and speed of the blade have to be optimized on site. 208 
 209 
4.16. Gently add a drop of dissection medium onto the sliced cerebellum. Using a wide-bore 210 
pipette tip placed onto a 1 mL pipette, slowly aspirate the sliced cerebellum and transfer it back 211 
into the 60-mm cell culture dish containing ice-cold dissection medium (see schematic on Figure 212 
1Bb’’). 213 
 214 
4.17. Clean the tissue chopper’s plastic platform with 100% ethanol between each cerebellum 215 
slicing. Let the ethanol evaporate before placing the next cerebellum onto the platform. 216 
 217 
4.18. Use two fine-straight forceps (or alternatively titanium needles) to separate individual 218 
slices and select 6-8 slices from the vermis (see schematic on Figure 1Cc and 1Cc’). 219 



   

   
 

 220 
4.19. Take a 6-well plate with culture inserts and transfer up to 4 selected slices onto one 221 
culture insert along with some dissection medium, using a wide-bore pipette tip adapted on a 1 222 
mL pipette (see schematic on Figure 1Cc’). 223 
 224 
4.20. Place the slices in the middle of the culture insert using the dissection medium or forceps 225 
to push and pull them gently into the right location, avoiding them to be in contact with each 226 
other (see schematic on Figure 1Cc’). 227 
 228 
4.21. Remove any excess of dissection medium around the slices using a thin-end pipette tip. 229 
Ensure that the slices lay flat on the membrane (see schematic on Figure 1Cc’). 230 
 231 
4.22. Place the 6-well plate into the incubator immediately after having added the slices on the 232 
membrane. 233 
 234 
5. Slices culture and demyelination (hands-on time ≈ 15-20 min) 235 
 236 
NOTE: Perform this step in a flow culture hood under sterile conditions 237 
 238 
5.1.  Replace the culture medium with 1 mL per well of pre-warmed and buffered fresh culture 239 
medium every 3 days after slice preparation. 240 
 241 
5.2. For demyelination, remove all culture medium below the culture inserts after 6 days in 242 
vitro (DIV) and replace it with 1 mL per well of pre-warmed fresh culture medium containing 0.5 243 
mg/mL LPC. Incubate for 15-17 h at 37 °C, 5% CO2. 244 
 245 
5.3. After incubation, wash the inserts by placing them in a 25-mm petri dish containing 1 mL 246 
of pre-warmed culture medium.  247 
 248 
NOTE: The inserts should be in contact with the medium, but not be covered by it. 249 
 250 
5.4. Immediately transfer the culture inserts in a new 6-well plate containing fresh pre-251 
warmed culture medium.  252 
 253 
5.5. Replace the culture medium with 1 mL of pre-warmed fresh culture medium every 2-3 254 
days until slices fixation. 255 
 256 
6. Immunohistochemistry (hands-on time ≈ 1:30 – 2 h)  257 
 258 
NOTE: Carry out the steps 6.1. to 6.3. under a fume hood. Avoid exposition to paraformaldehyde 259 
(PFA) and refer to the product safety datasheet for adequate manipulation and protection.  260 
 261 
6.1. Use forceps to lift each culture inserts by holding the plastic edge and remove the culture 262 
medium beneath the membrane inserts from each well. 263 



   

   
 

 264 
6.2. Fix the cerebellar slices for 30 min by adding 2 mL of 4% PFA in 1x PBS pH 7.4 above the 265 
membrane inserts. 266 
 267 
NOTE: The time point of fixation depends on the stage of myelination studied: 4 DIV corresponds 268 
to the onset of myelination, 7 DIV to fully myelinated slices. In case of LPC treatment, 9 DIV 269 
corresponds to the peak of demyelination, 11 DIV to the onset of remyelination and 14 DIV to 270 
fully remyelinated slices. 271 
 272 
6.3. Wash the inserts with the slices three times with 2 mL 1x PBS for 10 min. 273 
 274 
6.4. Separate the slices from the membrane inserts under the binocular microscope using a 275 
25x to 30x magnification, by gently pushing them using a scalpel or a brush. Alternatively, to 276 
avoid the risk of damaging the slices while detaching them from the membrane, use a scalpel to 277 
cut the membrane with the slices still attached. 278 
 279 
6.5. Transfer the floating slices into the wells of a 4-well plate containing 1x PBS, using a brush. 280 
 281 
6.6.  Aspirate the PBS from each well and incubate the slices in pre-cooled 100% ethanol at -282 
20 °C for 15 to 20 min. This step facilitates antibody penetration in myelinated fibers. 283 
 284 
6.7.  Aspirate the 100% ethanol and wash once briefly with 1x PBS, then twice in 1x PBS for 10 285 
min at room temperature. 286 
 287 
6.8.  Aspirate the PBS and incubate the slices for 30 to 45 min with a solution containing 1x 288 
PBS, 5% NGS, 0.3% non-ionic detergent at room temperature to block non-specific antibody 289 
fixation sites. 290 
 291 
6.9.  Aspirate the blocking solution. No washing is necessary. 292 
 293 
6.10. Incubate the slices overnight with the primary antibodies diluted in blocking solution at 4 294 
°C. To visualize the myelin on cerebellar organotypic slices, use MBP (Chicken, 1/150 or Mouse 295 
IGg2b, Smi99, 1/200) or PLP (Rat, hybridoma, 1/5 to 1/10) antibodies. 296 
 297 
NOTE: To reveal the expression of more than one antigen in the same slice, perform a double- or 298 
triple staining procedure (see Figure 1 as an example). To perform the incubation simultaneously, 299 
ensure primary antibodies are produced in different species. Then, use their corresponding 300 
secondary antibodies coupled to different fluorophores (see Table of Materials for nodal and 301 
paranodal marker18 antibodies). 302 
 303 
6.11. On the second day, wash the slices three times in 1x PBS for 10 min.  304 
 305 
6.12. Incubate for 3h with the secondary antibodies diluted in blocking solution (1/500 dilution) 306 
in the dark at room temperature. 307 



   

   
 

 308 
NOTE: Optimization of antibody dilution and incubation time might be required when using other 309 
antibodies than the ones described here. 310 
 311 
6.13. Wash the slices three times in 1x PBS for 10 min in the dark.   312 
 313 
6.14. Under a binocular microscope, mount the slices onto a glass slide. Place 100 µL of 1x PBS 314 
on the slide and transfer the slices into the PBS using a brush. Unfold the slices if needed and 315 
flatten them on the slide. Remove any excess of PBS. In case the immunolabeling is performed 316 
with the slices still attached to membranes, mount with the slices facing the coverslip, with the 317 
membrane on the glass slide. 318 
 319 
6.15. Place a drop of mounting medium directly onto the glass coverslip and gently cover the 320 
slices. Mounted slides can be stored for several months at 4 °C in the dark. 321 
 322 
REPRESENTATIVE RESULTS:  323 
Examples of representative myelin immunostainings in organotypic cerebellar slices obtained 324 
from P9-P10 C57black6 wild-type (WT) (Figure 2A), as well as PLP-GFP transgenic mice (Figure 325 
2B), together with Purkinje cells staining. Cerebellar slices myelinate from the white matter tracks 326 
region of the slices towards the periphery of the folia and myelination of the Purkinje cells is 327 
mostly achieved after 6 to 7 DIV. At 7 DIV, the induction of a full demyelination is possible through 328 
LPC treatment (Figure 2Ci-ii). Following demyelination, the slices spontaneously remyelinate and 329 
are fully remyelinated 6-7 days after the peak of demyelination (Figure 2Ciii).  330 
 331 
Figure 1: Illustration of cerebellum slices generation. The dissection is divided in three main 332 
steps. (A) The cerebellum is isolated and the meninges removed (steps 4.10 and 4.11). (B) The 333 
cerebellum is then transferred to the chopper platform and sliced (steps 4.12 to 4.16). (C) Lastly, 334 
the slices are isolated from the vermis and placed on a membrane insert. The dissection medium 335 
transferred with the slices is removed and the 6-well plate is placed into the incubator (steps 4.18 336 
and 4.22). 337 
 338 
Figure 2: Example of myelinated cerebellar slices cultured ex vivo. Image stacks (with 339 
orthogonal projection) were obtained using an upright confocal microscope following free 340 
floating immunolabeling and flat mounting as described in the protocol. The slices are robustly 341 
myelinated at 11 DIV (A, PLP; B, GFP in green) and the axonal domains are assembled as observed 342 
in vivo with nodes of Ranvier enriched in voltage-gated sodium channels (Nav, in red) flanked by 343 
the paranodal axoglial junction domain (Caspr, in white) in C57black6 WT (A) as well as PLP-GFP 344 
(B) transgenic mice slices. (C) The cerebellar cortex architecture is preserved in the cultured 345 
slices, as observed on cerebellar slices from PLP-GFP mice. (i) Purkinje cells axon (Calbindin, Calb, 346 
in blue) are robustly myelinated (GFP, in green) after one week in culture. (ii) LPC treatment fully 347 
demyelinates the slices, which remyelinate spontaneously and are fully remyelinated 6 days post 348 
demyelination (iii, 14 DIV). Scale bars, A, B: 20 μm; C: 100 μm. 349 
 350 
DISCUSSION:  351 



   

   
 

Here, we detail a protocol to generate an ex vivo model corresponding to the mouse cerebellar 352 
organotypic slice cultures, adapted from previously published methods15,16,19 and the subsequent 353 
myelin immunostaining of these preparations. This strategy offers the possibility to visualize 354 
myelin components with a high-resolution in both healthy and pathological states.  355 
 356 
Cerebellar organotypic slice cultures taken from 10-day-old mice are a well-established 357 
experimental model to investigate molecular and cellular mechanisms underlying myelination 358 
and remyelination processes, as it allows to reproduce most anatomical and functional features 359 
of the corresponding tissue in vivo including not only the preservation of a well-defined cellular 360 
architecture but also the maturation timeline17. Furthermore, cerebellar slices have a preserved 361 
architectural organization after two weeks in vitro (Figure 1C). The transgenic PLP-GFP strain is 362 
an alternative, allowing, in particular, to observe the myelination status under a fluorescent 363 
binocular microscope on live slices, which is particularly convenient for demyelination-364 
remyelination studies (Figure 1C). 365 
 366 
These preparations are of particular interest as a fast approach to assess myelination rate with 367 
the developed automated quantification, including western-blot analysis20, CNPase assay16 or 368 
quantification of PLP/Calbindin (or MBP/Calbindin) staining17,21, thus representing a high-369 
throughput system allowing for the testing of pharmacological drugs in demyelinating 370 
disorders22,23.  371 
 372 
One of the main critical issues when performing these experiments might be related to the 373 
quality of the cerebellar slices. Firstly, the age of mice is of importance for cerebellar organotypic 374 
slice cultures. The survival of Purkinje cells, the only myelinated neuron in cerebellar cultures, is 375 
compromised if cultures are prepared from P2 to P7 rodents or with donors older than P1317.  376 
More generally, organotypic brain slice cultures are difficult to obtain from adults animals. 377 
Secondly, the duration of tissue processing during dissection is critical, as a dissection step of 378 
more than 15-20 minutes per animal leads to a decline in the survival rate of the slices. 379 
Furthermore, when selecting the slices to be cultured, it is best to avoid using the ones from 380 
either end of the cerebellum due to the poor survival of neurons and resultant scarcity of 381 
myelinated fibers.  382 
 383 
 384 
Other parameters such as the stability of temperature and CO2 concentration while in culture are 385 
determining factors to ensure slice health. Lastly, the quality of the slices is influenced by the 386 
composition of the horse serum, which cannot be controlled by the users. Therefore, testing 387 
several batches of serum is highly recommended.  388 
 389 
To obtain an adequate labeling, tissue fixation is a key step. In order to facilitate the penetration 390 
of the antibodies to reach myelin antigens, as myelin is a very compact structure, slices pre-391 
treatment with absolute ethanol is advised following fixation. A similar protocol of staining can 392 
further be applied to in vivo fixed tissues, though Triton concentration may need to be adapted 393 
to the thickness of vibratome or cryostat generated in vivo sections. The availability of non-394 
commercial antibodies should also be considered. Preparing slices from transgenic mice such as 395 



   

   
 

PLP-GFP24 or CNP-GFP25 thus represents an alternative to visualize myelin and oligodendrocytes 396 
processes.  397 
 398 
In addition to the immunochemical methods described in this protocol, other approaches are 399 
commonly used to study myelin architecture. Complementary techniques also exist to investigate 400 
myelin ultrastructure, with electron microscopy being the gold standard26. Other techniques 401 
exist, such as label-free approaches including optical coherence tomography27,28, Raman 402 
scattering28,29, third-harmonic generation30 or spectral confocal reflectance microscopy31; these 403 
approaches have the additional advantage of enabling the observation of dynamic cellular 404 
processes. However, some of these techniques are complex and further require state-of-the-art 405 
microscopy set-ups. For these reasons, myelin study by immunofluorescence labeling remains a 406 
standard approach to investigate myelination and its defects in various developmental or 407 
acquired diseases and their models, as well as to assess the potential of future therapeutic 408 
treatments. It can further be used to study myelination in multiple contexts, such as learning and 409 
plasticity, as well as aging, depression, or autism in which myelin is known to be altered32. 410 
 411 
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MATERIALS

Name Company Catalog Number Comments

BME medium ThermoFisher Scientific 41010026

Hank’s Balanced Salt Solution (10X HBSS) ThermoFisher Scientific 14180046

GlutaMAX (100X) ThermoFisher Scientific 35050038

Heat-inactivated Horse Serum ThermoFisher Scientific 26050088

Penicillin–Streptomycin (10.000 IU/mL) ThermoFisher Scientific 15140122

Gey’s Balanced Salt Solution Sigma Aldrich G9779-500ML

D-Glucose Solution (45%) Sigma Aldrich G8769-100ML

Lysophosphatidylcholine (LPC) Sigma Aldrich L4129-100MG

Paraformaldehyde (PFA) Electron Microscopy Sciences 15714

Absolute ethanol (100% ethanol) VWR Chemicals 20821.330 Cooled at -20°C

Triton® X-100 Sigma Aldrich X100-500ML

10% Normal Goat Serum (NGS) ThermoFisher Scientific 500622

Phosphate Buffer Solution EuroMEDEX ET330-A pH 7.4

Anti-GFP Antibody  (Polyclonal, Chicken) Merck Millipore 06-896 Dilution 1/300

Anti-Myelin Basic Protein (MBP) Antibody (Polyclonal, Chicken) Merck Millipore AB9348 Dilution 1/150

Anti-Myelin Basic Protein (MBP) Antibody (Monoclonal, Mouse 

IgG2b) Merck Millipore NE1019 Dilution 1/200

Anti-PLP Antibody (Rat, Hybridoma) Gift from Dr. K. Ikenaka; Okasaki, Japan Dilution 1/5 to 1/10
Anti-Sodium Channel, Pan Antibody (Monoclonal, Mouse IgG1, 

clone K58/35) Sigma Aldrich S8809 Dilution 1/150

Anti-Caspr Antibody (Polyclonal, Rabbit) Abcam ab34151 Dilution 1/500

Goat Secondary Antibodies conjugated to Alexa Fluor 488, 594, 

647 or 405 ThermoFisher Scientific Dilution 1/500

Fluoromount SouthernBiotech 0100-20

Tissue chopper McIlwain

Razor blades

Large scissors F.S.T 14101-14

Small scissors F.S.T 91500-09

Fine-straight forceps F.S.T 91150-20

Curved-fine forceps F.S.T 11297-00

Cell culture dishes (60-mm and 100-mm) TPP

4-, 6-well culture plates TPP

Millicell culture inserts (0,4 µm, 30-mm diameter) Merck Millipore PICM0RG50

Cell culture incubator 37°C, 5% CO2

Fine-end pipette tips Dutscher 134000CL

Wide-bore pipette tips ThermoFisher Scientific 2079G

Sterile syringe Terumo Europe 20 or 50 mL

Sterile syringe filters Terumo Europe 0.22 µm

Scalpel Swann-Morton 0510

Brush

Microscope slides RS France 76 x 26  x 1.1 mm 

Glass coverslips RS France 22 x 22 mm

Kimtech Sciences Tissue Wipers Kimberly-Clark Professional 5511

Binocular microscope
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ARTICLE AND VIDEO LICENSE AGREEMENT 

Title of Article: 

Author(s):  

Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/author) via:      Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 

course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 

course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License

Agreement, the following terms shall have the following

meanings: “Agreement” means this Article and Video License

Agreement; “Article” means the article specified on the last

page of this Agreement, including any associated materials

such as texts, figures, tables, artwork, abstracts, or summaries 

contained therein; “Author” means the author who is a

signatory to this Agreement; “Collective Work” means a work,

such as a periodical issue, anthology or encyclopedia, in which

the Materials in their entirety in unmodified form, along with a

number of other contributions, constituting separate and

independent works in themselves, are assembled into a

collective whole; “CRC License” means the Creative Commons

Attribution-Non Commercial-No Derivs 3.0 Unported

Agreement, the terms and conditions of which can be found

at: http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based

upon the Materials or upon the Materials and other pre-

existing works, such as a translation, musical arrangement,

dramatization, fictionalization, motion picture version, sound

recording, art reproduction, abridgment, condensation, or any

other form in which the Materials may be recast, transformed,

or adapted; “Institution” means the institution, listed on the

last page of this Agreement, by which the Author was

employed at the time of the creation of the Materials; “JoVE”

means MyJove Corporation, a Massachusetts corporation and

the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 

means the Author and JoVE; “Video” means any video(s) made

by the Author, alone or in conjunction with any other parties,

or by JoVE or its affiliates or agents, individually or in

collaboration with the Author or any other parties,

incorporating all or any portion of the Article, and in which the

Author may or may not appear.

2. Background.  The Author, who is the author of the Article,

in order to ensure the dissemination and protection of the

Article, desires to have the JoVE publish the Article and create

and transmit videos based on the Article.  In furtherance of

such goals, the Parties desire to memorialize in this Agreement

the respective rights of each Party in and to the Article and the

Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing

to publish the Article, the Author hereby grants to JoVE,

subject to Sections 4 and 7 below, the exclusive, royalty-free,

perpetual (for the full term of copyright in the Article,

including any extensions thereto) license (a) to publish,

reproduce, distribute, display and store the Article in all forms,

formats and media whether now known or hereafter

developed (including without limitation in print, digital and

electronic form) throughout the world, (b) to translate the

Article into other languages, create adaptations, summaries or

extracts of the Article or other Derivative Works (including,

without limitation, the Video) or Collective Works based on all

or any portion of the Article and exercise all of the rights set

forth in (a) above in such translations, adaptations,

summaries, extracts, Derivative Works or Collective Works and

(c) to license others to do any or all of the above.  The

foregoing rights may be exercised in all media and formats,

whether now known or hereafter devised, and include the

right to make such modifications as are technically necessary

to exercise the rights in other media and formats.  If the “Open

Access” box has been checked in Item 1 above, JoVE and the

Author hereby grant to the public all such rights in the Article

as provided in, but subject to all limitations and requirements

set forth in, the CRC License.

1 

612542.6 

Author License Agreement (ALA)

Myelin immunostaining on organotypic cultures of cerebellar slices

M. Thetiot, R. Ronzano, M-S. Aigrot, C. Lubetzki, A. Desmazières

X

Click here to access/download;Author License Agreement
(ALA);Author_License_Agreement.pdf

http://www.jove.com/author
http://www.editorialmanager.com/jove/download.aspx?id=936642&guid=c724891d-0c1c-48d2-bd30-3641a013078e&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=936642&guid=c724891d-0c1c-48d2-bd30-3641a013078e&scheme=1


ARTICLE AND VIDEO LICENSE AGREEMENT 

4. Retention of Rights in Article.  Notwithstanding the

exclusive license granted to JoVE in Section 3 above, the

Author shall, with respect to the Article, retain the non-

exclusive right to use all or part of the Article for the non-

commercial purpose of giving lectures, presentations or

teaching classes, and to post a copy of the Article on the

Institution’s website or the Author’s personal website, in each

case provided that a link to the Article on the JoVE website is

provided and notice of JoVE’s copyright in the Article is

included.  All non-copyright intellectual property rights in and

to the Article, such as patent rights, shall remain with the

Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In

consideration of JoVE agreeing to produce, display or

otherwise assist with the Video, the Author hereby

acknowledges and agrees that, Subject to Section 7 below,

JoVE is and shall be the sole and exclusive owner of all rights of

any nature, including, without limitation, all copyrights, in and

to the Video.  To the extent that, by law, the Author is

deemed, now or at any time in the future, to have any rights

of any nature in or to the Video, the Author hereby disclaims

all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in

Item 1 above.  In consideration of JoVE agreeing to produce,

display or otherwise assist with the Video, the Author hereby

grants to JoVE, subject to Section 7 below, the exclusive,

royalty-free, perpetual (for the full term of copyright in the

Article, including any extensions thereto) license (a) to publish,

reproduce, distribute, display and store the Video in all forms,

formats and media whether now known or hereafter

developed (including without limitation in print, digital and

electronic form) throughout the world, (b) to translate the

Video into other languages, create adaptations, summaries or

extracts of the Video or other Derivative Works or Collective

Works based on all or any portion of the Video and exercise all

of the rights set forth in (a) above in such translations,

adaptations, summaries, extracts, Derivative Works or

Collective Works and (c) to license others to do any or all of

the above.  The foregoing rights may be exercised in all media

and formats, whether now known or hereafter devised, and

include the right to make such modifications as are technically

necessary to exercise the rights in other media and formats.

For any Video to which this Section 6 is applicable, JoVE and 

the Author hereby grant to the public all such rights in the

Video as provided in, but subject to all limitations and

requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States

government employee and the Article was prepared in the

course of his or her duties as a United States government

employee, as indicated in Item 2 above, and any of the

licenses or grants granted by the Author hereunder exceed the

scope of the 17 U.S.C. 403, then the rights granted hereunder

shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 

not in conflict with such statute shall remain in full force and 

effect, and all provisions contained herein that do so conflict 

shall be deemed to be amended so as to provide to JoVE the 

maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants

JoVE the right to use the Author’s name, voice, likeness,

picture, photograph, image, biography and performance in any

way, commercial or otherwise, in connection with the

Materials and the sale, promotion and distribution thereof.

The Author hereby waives any and all rights he or she may

have, relating to his or her appearance in the Video or

otherwise relating to the Materials, under all applicable

privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants

that the Article is original, that it has not been published, that

the copyright interest is owned by the Author (or, if more than

one author is listed at the beginning of this Agreement, by

such authors collectively) and has not been assigned, licensed,

or otherwise transferred to any other party. The Author

represents and warrants that the author(s) listed at the top of

this Agreement are the only authors of the Materials.  If more

than one author is listed at the top of this Agreement and if

any such author has not entered into a separate Article and

Video License Agreement with JoVE relating to the Materials,

the Author represents and warrants that the Author has been

authorized by each of the other such authors to execute this

Agreement on his or her behalf and to bind him or her with

respect to the terms of this Agreement as if each of them had

been a party hereto as an Author. The Author warrants that

the use, reproduction, distribution, public or private

performance or display, and/or modification of all or any

portion of the Materials does not and will not violate, infringe

and/or misappropriate the patent, trademark, intellectual

property or other rights of any third party.  The Author

represents and warrants that it has and will continue to

comply with all government, institutional and other

regulations, including, without limitation all institutional,

laboratory, hospital, ethical, human and animal treatment,

privacy, and all other rules, regulations, laws, procedures or

guidelines, applicable to the Materials, and that all research

involving human and animal subjects has been approved by

the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of

JoVE in producing the Video in the Author’s facility, the Author

shall ensure that the presence of JoVE employees, agents or

independent contractors is in accordance with the relevant

regulations of the Author's institution.  If more than one

author is listed at the beginning of this Agreement, JoVE may, 

in its sole discretion, elect not take any action with respect to

the Article until such time as it has received complete,

executed Article and Video License Agreements from each

such author.  JoVE reserves the right, in its absolute and sole

discretion and without giving any reason therefore, to accept

or decline any work submitted to JoVE.  JoVE and its

employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the 

Author’s institution as necessary to make the Video, whether 

actually published or not.  JoVE has sole discretion as to the 

method of making and publishing the Materials, including, 

without limitation, to all decisions regarding editing, lighting, 

filming, timing of publication, if any, length, quality, content 

and the like. 

 

11.  Indemnification.  The Author agrees to indemnify JoVE 

and/or its successors and assigns from and against any and all 

claims, costs, and expenses, including attorney’s fees, arising 

out of any breach of any warranty or other representations 

contained herein.  The Author further agrees to indemnify and 

hold harmless JoVE from and against any and all claims, costs, 

and expenses, including attorney’s fees, resulting from the 

breach by the Author of any representation or warranty 

contained herein or from allegations or instances of violation 

of intellectual property rights, damage to the Author’s or the 

Author’s institution’s facilities, fraud, libel, defamation, 

research, equipment, experiments, property damage, personal 

injury, violations of institutional, laboratory, hospital, ethical, 

human and animal treatment, privacy or other rules, 

regulations, laws, procedures or guidelines, liabilities and 

other losses or damages related in any way to the submission 

of work to JoVE, making of videos by JoVE, or publication in 

JoVE or elsewhere by JoVE.  The Author shall be responsible 

for, and shall hold JoVE harmless from, damages caused by 

lack of sterilization, lack of cleanliness or by contamination 

due to the making of a video by JoVE its employees, agents or 

independent contractors.  All sterilization, cleanliness or 

decontamination procedures shall be solely the responsibility 

of the Author and shall be undertaken at the Author’s 

expense.  All indemnifications provided herein shall include 

JoVE’s attorney’s fees and costs related to said losses or 

damages.  Such indemnification and holding harmless shall 

include such losses or damages incurred by, or in connection 

with, acts or omissions of JoVE, its employees, agents or 

independent contractors. 

 

12.  Fees.  To cover the cost incurred for publication, JoVE 

must receive payment before production and publication the 

Materials. Payment is due in 21 days of invoice. Should the 

Materials not be published due to an editorial or production 

decision, these funds will be returned to the Author. 

Withdrawal by the Author of any submitted Materials after 

final peer review approval will result in a US$1,200 fee to 

cover pre-production expenses incurred by JoVE.  If payment is 

not received by the completion of filming, production and 

publication of the Materials will be suspended until payment is 

received. 

 

13.  Transfer, Governing Law.  This Agreement may be 

assigned by JoVE and shall inure to the benefits of any of 

JoVE’s successors and assignees.  This Agreement shall be 

governed and construed by the internal laws of the 

Commonwealth of Massachusetts without giving effect to any 

conflict of law provision thereunder.  This Agreement may be 

executed in counterparts, each of which shall be deemed an 

original, but all of which together shall be deemed to me one 

and the same agreement.  A signed copy of this Agreement 

delivered by facsimile, e-mail or other means of electronic 

transmission shall be deemed to have the same legal effect as 

delivery of an original signed copy of this Agreement.   

 

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission. 

 

CORRESPONDING AUTHOR: 

Name:   

Department:   

Institution:  

Article Title:  

Signature:   Date:  

 

Please submit a signed and dated copy of this license by one of the following three methods: 

1) Upload a scanned copy of the document as a pfd on the JoVE submission site; 

2) Fax the document to +1.866.381.2236; 

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139 

 

For questions, please email submissions@jove.com or call +1.617.945.9051 
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Dear Editor, 
 
We thank you again for your insightful comments. You will find attached the revised version of 
our manuscript by Thetiot et al., with the modifications made to address the editorial comments 
detailed below. 
 
Yours sincerely, 
 
Anne Desmazières 
 
Editorial comments: 
 
1. Lines 81-83: Citation? 
We have added a citation. 
 
2. Line 93: What kind of animal- mouse/rat?  
We have specified that we generate slices from mice in this protocol however rats may also 
be used for cerebellar organotypic slices preparation. 
 
3. Lines 89-94: We cannot have paragraph of texts in the protocol section. So, moved this 

paragraph here. Please check.  
We validated this modification. 
 
4. Please highlight 2.75 pages of the protocol including heading and spacings for filming 

purpose. This should form the most cohesive story. However, steps involving cervical 
dislocation cannot be filmed. 

We have highlighted approximatively 2.75 pages of the protocol for filming. In case these 
steps do not seem adequate for filming, we could alternatively cover steps 5 and 6 of the 
protocol (culture and immunohistochemistry). 
 
5. We cannot have non-numbered sentences in the protocol section. Converted to a note 

instead throughout the protocol. Please check.  
We validated this modification. 
 
6. We cannot have commercial terms in the manuscript. Please move the commercial term to 

the Table of Materials and use generic term instead.  
We have removed this commercial term from the manuscript and inserted it to the Table of 
Materials, as suggested. It has been replaced by the generic term “tissue chopper” in the 
protocol section. 
 
7. Is there any age, sex, or strain specific bias?  
Bias related to age is discussed lines 377-381. To our knowledge, no sex or strain bias has 
been specifically described in the case of cerebellar organotypic slice cultures. 
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8. Included here from the introduction.  
We validated this modification. 
 
9. Converted to a note. Please check.  
We validated this modification. 
 
10. Moved here. Please check.  
We validated this modification. 
 
11. Wash the inserts with the slices? Please be as specific as you can wrt to the protocol. 
We have now added a sentence regarding this point. 
 
12. Magnification?  
We have now suggested a magnification (lines 276-277). 
 
13. Non-specific? 
We have corrected this error. 
 
14. Citation will help.  
We have added a citation. 
 
15. Made a different step. Please check.  
We have moved the alternative approach of immunolabeling the slices while still attached to 
membranes in the step 6.14 and made a common step (6.15) for mounting the slices. 
 
16. It will be nice to provide result figure for these statements as well.  
Unfortunately, we can’t provide a result figure for these statements, as we do not have 
cerebellar organotypic slices from PLP-GFP mice in culture at this time. In addition, images 
obtained with a fluorescent binocular microscope while the slices are still cultured on the 
inserts would be of low resolution and would not be adequate for publication. 
 


