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SUMMARY:  18 
Different cerebellar regions have been implicated in distinct behavioral outputs, yet the 19 
underlying molecular mechanisms remain unknown. A reproducible and quick method to dissect 20 
cerebellar cortex of the hemispheres, anterior and posterior regions of the vermis, and the deep 21 
cerebellar nuclei is described to probe for molecular differences. 22 
 23 
ABSTRACT: 24 
Cerebellum plays an important role in several key functions including control of movement, 25 
balance, cognition, reward, and affect. Imaging studies indicate that distinct cerebellar regions 26 
contribute to these different functions. Molecular studies examining regional cerebellar 27 
differences are lagging as they are mostly done on whole cerebellar extracts, thereby, masking 28 
any distinctions across specific cerebellar regions. Here we describe a technique to, reproducibly 29 
and quickly, dissect four different cerebellar regions: the deep cerebellar nuclei (DCN), anterior 30 
and posterior vermal cerebellar cortex, and the cerebellar cortex of the hemispheres. Dissecting 31 
out these distinct regions allows for the exploration of molecular mechanisms that may underlie 32 
their unique contributions to balance, movement, affect and cognition. This technique may also 33 
be used to explore differences in pathological susceptibility of these specific regions across 34 
various mouse disease models. 35 
 36 
INTRODUCTION:  37 
The cerebellum contains over half of the neurons in the brain and has historically been referred 38 
to as a motor control and balance center in the brain1. More recently, studies have demonstrated 39 
that the cerebellum plays a key role in various other functions including cognition, reward 40 
processing, and affect2–5.  41 
 42 
The cerebellum has well-described anatomy: the cortex region is composed of granule, Purkinje, 43 
and molecular layers. Granule cells form the granule cell layer and send input via parallel fibers 44 

Manuscript Click here to access/download;Manuscript;61922_R1.docx

https://www.editorialmanager.com/jove/download.aspx?id=1261903&guid=8b2549dc-e683-480d-9542-27fdbce661b2&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1261903&guid=8b2549dc-e683-480d-9542-27fdbce661b2&scheme=1


   

Page 1 of 6  revised November 2017 
 

to the Purkinje cell dendrites of the molecular layer which also receive input from climbing fibers 45 
that originated in the inferior olive. Purkinje cells send inhibitory projections to cells in the deep 46 
cerebellar nuclei (DCN), which serves as the main output from the cerebellum. The function of 47 
the circuit is further modulated by the activity of the inhibitory interneurons in the cerebellar 48 
cortex, including Golgi, stellate, and basket cells4. This cerebellar functional unit is distributed 49 
throughout all the lobules of the cerebellar cortex. Despite this relatively uniform circuitry across  50 
the cerebellum, evidence from the human neuroimaging literature and patient studies that 51 
indicate functional heterogeneity of the cerebellum6,7.  52 
 53 
The cerebellar cortex can be divided into two main regions: the midline-defined vermis, and the 54 
lateral hemispheres. The vermis can be further divided into anterior and posterior lobules. These 55 
distinct regions of the cerebellum have been implicated in playing distinct roles in behavioral 56 
output. Task-evoked or task-free activity patterns implicate that different cerebellar regions 57 
contribute to distinct tasks. For instance more anterior regions of the vermis contribute to motor 58 
function and more posterior to cognition7,6. The vermis is linked with affective and emotionally 59 
relevant memory while cerebellar hemispheres contribute to executive, visual-spatial, language, 60 
and other mnemonic functions8. In addition, anatomical studies provided evidence that 61 
functionally distinct cerebellar regions are connected with different cortical regions9. Lesion-62 
symptom mapping revealed that patients with strokes affecting the anterior lobules (extending 63 
into lobule VI) had poorer performance on fine motor tasks, while patients with damage to 64 
posterior lobe regions and hemispheres exhibited cognitive deficits in the absence of cerebellar 65 
motor syndrome10. Finally, regional cerebellar pathology in disease indicates that functionally 66 
distinct cerebellar regions are also differently susceptible to disease11,12. 67 
  68 
While much less explored, preliminary evidence demonstrates unique molecular signatures 69 
across various cerebellar cortical regions. Region specific patterning of Zebrin II in vermal Purkinje 70 
cells shows more Zebrin II positive cells in the posterior lobules and fewer in the anterior 71 
lobules13. This suggests regionally distinct physiological function as  Purkinje cells that are zebrin 72 
negative display more tonic firing than cells that are zebrin positive14.  73 
 74 
In addition to the cerebellar cortex, the cerebellum includes the deep cerebellar nuclei (DCN) 75 
which serve as the primary output for the cerebellum. The nuclei are made up of the medial 76 
(MN), interposed (IN), and lateral nuclei (LN). Functional imaging and patient studies have 77 
demonstrated that the DCN also participate in various behaviors15. 78 
 79 
Advances in molecular techniques have made it possible to assess regional gene expression in 80 
the brain and have uncovered heterogeneity across and within different brain regions in both 81 
physiological and disease states16. Such studies implicate that the cerebellum is different from 82 
other brain regions. For example, the ratio of neurons to glial cells is inverted in the cerebellum  83 
compared to other brain regions1. Even in normal physiological conditions, the expression of 84 
proinflammatory genes is upregulated in the cerebellum compared to the other brain regions17. 85 
Molecular techniques have also been very useful in identifying the pathways that contribute to 86 
the pathogenesis of cerebellar diseases. For instance, RNA sequencing of the whole cerebellar 87 
extracts identified genes altered in a Purkinje cell specific transgenic mouse model of 88 
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spinocerebellar ataxia type 1 (SCA1) as compared to their wild type controls. Such evidence has 89 
revealed key molecular pathways underlying pathogenesis in cerebellar Purkinje cells and has 90 
helped identify potential therapeutic targets18. However, recent studies suggest that there are 91 
differences in the vulnerability to diseases across the cerebellar regions11,12,19. This could indicate 92 
that there are key changes occurring in distinct cerebellar regions, which may be masked or 93 
undetected with whole cerebellar extracts. Thus, there is a need to develop techniques which 94 
allow researchers to examine molecular profiles in different cerebellar regions. 95 
 96 
The technique proposed here describes a reproducible method to dissect four distinct regions of 97 
the mouse cerebellum to isolate RNA from those regions and explore regional differences in gene 98 
expression. The schematic of the mouse cerebellum in Figure 1A highlights the vermis in blue, 99 
and hemispheres in yellow. Specifically, this technique makes it possible to isolate four regions:  100 
deep cerebellar nuclei (DCN) (red-dotted box in Figure 1A), the cerebellar cortex of anterior 101 
vermis (CCaV) (dark blue in Figure 1A), the cerebellar cortex of the posterior vermis (CCpV) (light 102 
blue in Figure 1A), and the cerebellar cortex of the hemispheres (CCH) (yellow in Figure 1A). By 103 
assessing gene expression of these regions separately, it will be possible to investigate molecular 104 
mechanisms underlying discrete functions of these different regions as well as potential 105 
differences in their vulnerability in disease.  106 
  107 
PROTOCOL:  108 
All experiments were conducted in accordance with the guidelines of the Animal Care 109 
Committees of the University of Minnesota.  110 
 111 
1. Set up 112 
 113 
1.1. Gather necessary equipment including decapitation scissors, blunt forceps, dissection 114 
scissors, vascular scissors, microspatula, sagittal mouse brain matrix, razor blades, 200 µL pipette 115 
tips, glass Petri dish, glass slide, and ice bucket. Lay out all equipment on an absorbent pad. 116 
 117 
1.2. Place Petri dish, glass plate, and brain matrix on ice. 118 
 119 
1.3. Using a razor blade at a perpendicular angle, trim about 5 mm off the tip of one 200 µL of 120 
pipette tip. This makes the size of the opening at the end of the tip about 1 mm wide. This should 121 
be sufficient to punch out the DCN. But this can also be adjusted as needed depending on the 122 
dissection. Have many tips ready for easy replacement and adjustment.  123 
 124 
1.4. Label 1.5 mL microfuge tubes with animal identification and cerebellar region (four tubes per 125 
animal). 126 
 127 
1.5. Fill cryosafe container with liquid nitrogen to flash freeze tissue after extraction.  128 
 129 
2. Brain extraction and dissection 130 
 131 
2.1. Euthanize a mouse using 5% CO2 asphyxiation. Once breathing has ceased, perform cervical 132 
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dislocation. Decapitate the mouse with the decapitation scissors and discard the carcass in the 133 
appropriate receptacle. 134 
 135 
2.2. Make an incision with a razor blade along the medial sagittal line of the head starting at the 136 
nose and continuing all the way back. Separate the skin, parting to either side of the midline. Use 137 
the razor blade to cut away the muscle on each side, cutting down past the ear canals.  138 
 139 
2.3. Using dissecting scissors, trim any spinal cord regions, up to where the brain stem meets the 140 
cerebellum, careful to not damage the cerebellum.  141 
 142 
2.4. Insert one of the vascular scissor blades into the space between the brainstem and vertebral 143 
column and cut toward the ear canal, lifting upward on the scissors to cleanly cut the bone but 144 
limit damage to the tissue.  145 
 146 
2.5. Continue to cut along the edge of the skull up toward the olfactory bulbs, continuing to lift 147 
upwards while cutting to limit damage to the brain tissue.  148 
 149 
2.6. Using the blunt forceps, gently peel off the back of the skull uncovering the posterior region 150 
of the brain and cerebellum. 151 
 152 
2.7. Using the blunt forceps along the edge of the skull that was just cut, peel the rest of the skull 153 
up and over the brain. This step should remove most of the skull cap, revealing the brain.  154 
 155 
2.8. Trim the rest of the skull with the vascular scissors and blunt forceps, clearing most of the 156 
skull from the top of the brain. 157 
 158 
2.9. Using the microspatula, lift the brain slightly and scoop under and slide up to remove the 159 
olfactory bulbs from the remaining skull and disconnect optic tract fibers. Brain should come free 160 
easily at this point.  161 
 162 
2.10. Place the brain into the Petri dish sitting on ice and remove any remaining skull or other 163 
debris.  164 
 165 
2.11. Using the microspatula, gently place the brain into the brain matrix with dorsal side up. 166 
Take time to make sure it is set level in the matrix, especially that the midline falls center in the 167 
matrix. This matrix is designed for adult mouse brain tissue, tissue from younger or diseased 168 
animals may rest lower in the matrix but it should still be possible to achieve reproducible results 169 
across samples.  170 
 171 
2.12. Place one razor blade along the sagittal midline, making sure that the blade pushes all the 172 
way to the bottom of the matrix (Figure 1B).  173 
 174 
2.13. Place another razor blade 1 mm to the side of the first blade (Figure 1B). Place two more 175 
blades 1 mm apart from each other. The result should be three blades placed on one side of the 176 
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brain, all 1mm apart. Do the same to the other side. In total, 7 blades will be placed 1 mm apart 177 
(Figure 1C).  178 
 179 
2.14. Carefully, grab the front and back ends of the razor blades and lift straight up out of the 180 
matrix. The tissue on the outside of the razor blades can be discarded.  181 
 182 
2.15. Slowly, separate one razor blade at a time from the others, being careful not to damage the 183 
tissue sections.  184 
 185 
2.16. Carefully slide the tissue section off the razor blade and onto the glass slide with the 186 
microspatula. In total there will be six sagittal brain sections (Figure 1D).  187 
 188 
2.17. The 4 most lateral sections will have DCN visible (Purple box, Figure 1D). To isolate the DCN, 189 
hold the trimmed 200 µL pipette tip perpendicularly over the DCN and push down through the 190 
tissue firmly, rocking in all directions to fully dissect the DCN from surrounding tissue. Lift straight 191 
back up to cleanly remove the DCN, and visually confirm the presence of the tissue in the tip. 192 
   193 
2.18. Place one finger at the top of the tip and push down, causing the tissue to bulge out. Place 194 
the tip into correctly labeled microfuge tube and ensure that tissue punch is placed in the bottom 195 
of the tube. Repeat 2.17 for the remaining three sections, placing the DCN punches in the same 196 
tube. Place the tube into liquid nitrogen to flash freeze. Representation of size of each punch is 197 
shown in Figure 1E. 198 
 199 
2.19. Qualify sections that had DCN extracted as cerebellar hemisphere. Push away the rest of 200 
the brain tissue around the cerebellum in these sections. Use blunt forceps and gently pick up 201 
these hemisphere cerebellar cortex sections and place into respective microfuge tube. Flash 202 
freeze.  203 
 204 
2.20. For the last two vermal sections (light blue box, Figure1D), push away surrounding brain 205 
tissue leaving only the cerebellum. Using a razor blade, make a cut separating the anterior lobules 206 
from the posterior lobules. Ensure that the cut is just after the formation of lobule 6 and does 207 
not include lobule 10 (Figure 1F).  208 
 209 
2.21. Using blunt forceps, carefully place the anterior cerebellar cortex sections and posterior 210 
cerebellar cortex sections into their respective microfuge tubes and flash freeze by leaving the 211 
tubes in liquid nitrogen for 5 min. From here move forward to RNA extraction, store the tubes at 212 
-80 ˚C. 213 
 214 
3. RNA extraction  215 
 216 
NOTE: This protocol is modified from the Cold Spring Harbor Protocol for RNA Extraction with 217 
commercially available guanidium thiocyanide reagent20. This solubilizes biological material, 218 
making it possible to extract RNA.  219 
 220 
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3.1. Place the microfuge tubes in ice to keep the tissue from thawing too quickly, apply 150 µL of 221 
cold RNA isolation solution in the microfuge tube. Homogenize with a sterilized pestle. 222 
 223 
3.2. Once tissue is homogenized, pipette the solution up and down to ensure there is no 224 
remaining tissue intact. Further break up any small tissue pieces by pulling it up into an insulin 225 
syringe a few times.  226 
 227 
3.3. Add another 350 µL of the reagent and pipette up and down to mix thoroughly. Let it sit at 228 
room temperature for 5 min.  229 
 230 
3.4. Add 150 µL of chloroform to the tube and shake vigorously and then let rest for 2-3 min. The 231 
chloroform separates the homogenized tissue solution into phases (RNA, DNA, and protein). 232 
 233 
3.5. Centrifuge at 12,000 x g, at 15 ˚C, for 10 min. Ensure that all tubes are at the same 234 
orientation. 235 
 236 
3.6. Carefully remove the tubes and set the temperature of the centrifuge to 4 ˚C. Remove only 237 
the clear aqueous phase into a new tube (this is the RNA), careful not to disrupt the opaque 238 
interphase (the DNA).  The lowest phase will be red and contains protein. Remaining solution in 239 
the tubes can be saved or discarded.  240 
 241 
3.7. Add 100% isopropyl alcohol at a 1:2 ratio (if removed 200 µL of aqueous phase, add 100 µL 242 
of isopropyl alcohol). Mix thoroughly by pipetting up and down. Let rest at room temperature for 243 
10 minutes. The isopropyl alcohol precipitates the RNA out of solution. 244 
 245 
3.8. Centrifuge at 12,000 x g, at 4˚C, for 10 min. Be sure to place all the tubes at the same 246 
orientation to make it easier to visualize the pellet. The resulting pellet will be the extracted RNA.  247 
 248 
3.9. Carefully remove the tubes, remove the supernatant with a pipette, being careful not to 249 
disrupt the pellet. The pellet is somewhat gel-like and will be difficult to see but one should be 250 
able to estimate where it is based on the orientation of the tubes in the centrifuge.  251 
 252 
3.10. After removing all the supernatant, add 500 µL of 75% ethanol, vortex briefly, and 253 
centrifuge at 7,500 x g, at 4 ˚C, for 5 min. The ethanol further washes the pellet.  254 
 255 
3.11. Remove the supernatant carefully, without disrupting the pellet. Leave caps open to dry 256 
the sample. This usually takes 5-10 min but can vary depending on how much ethanol was left 257 
on the pellet. Do not over dry.  258 
 259 
3.12. Once dry, resuspend the pellet in DNase free water. Add 20 µL to samples for DCN, and 30 260 
µL for all others.  261 
 262 
3.13. Once resuspended, samples can be stored at -80 ˚C or proceed to further testing.  263 
 264 
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4. Real Time quantitative Polymerase Chain Reaction (RT qPCR) 265 
 266 
4.1. Before this step treat RNA with DNase to remove any genomic DNA, and generate cDNA 267 
using commercially available kits following manufacturer’s protocol. Be sure to normalize the 268 
concentration of RNA before making the cDNA. In addition, it is important to optimize primers 269 
for qPCR. Follow the methods described in ref. 21 to complete this step. Brief description of the 270 
qPCR below.  271 
 272 
4.2. Obtain the primers commercially. Ensure that both forward and reverse sequences are in the 273 
same sample tube and stored at 20x concentration. Primer sequences are given below:  274 
 275 
4.2.1. 18S rRNA (control gene): Forward – 5’-CCTGAGAAGTTCCAGCACAT-3’; Reverse – 5’-276 
ACACCACATGAGCATATCTCC-3' 277 
 278 
4.2.2. Parvalbumin (Calcium binding protein, inhibitory cells): Forward – ‘5-279 
ATGAGGTGAAGAAGGTGTTCC-3’; Reverse – ‘5-AGCGTCTTTGTTTCTTTAGCAG-3’ 280 
 281 
4.2.3. Kcng4 (Potassium channel subunit): Forward – 5’-CTGTCTTTTCCTGGTCAGTGA-3’; Reverse 282 
– 5’-GCATTGCCTCAGACTGTCAG-3’ 283 
 284 
4.2.4. Aldolase C (Zebrin II, differentially expressed across the cerebellar cortex): Forward – 5’-285 
AGAGGACAAAGGGATAATGCTG-3’; Reverse – 5’-TCAGTAGGCATGGTTGGC-3’ 286 
 287 
4.7. Set the following qPCR condition. Pre-incubation period: 5 min at 95˚C. Amplification period: 288 
50 cycles of 10 min at 95 ˚C, 10 min at 62 ˚C, and 10 min at 72˚C. Melting curve period: 5 s at 95 289 
˚C, 1 min at 65 ˚C, and set the ramp rate to 0.07 ˚C/s until target temp of 97 ˚C. Then cooling 290 
period for 10 min to 40 ˚C.   291 
 292 

4.8 Perform all qPCR reactions in triplicate and analyze gene expression using 2- Ct with 18S 293 
rRNA as a loading control to normalize gene expression. Use bulk cerebellar extract as a 294 
reference. 295 
 296 
REPRESENTATIVE RESULTS:  297 
For these experiments, four eleven-week-old female wild type C57/Black6 mice were used. One 298 
mouse was used to conduct a full cerebellar dissection which is referred to as ‘bulk cerebellum’ 299 
and allowed for the comparison of RNA levels in dissected regions to a full dissection. The other 300 
three mice were used to conduct the cerebellar dissection described in this protocol. Using three 301 
mice makes it possible to ensure that the trends detected in the levels of RNA are reproducible 302 
across mice. 303 
 304 
Figure 1A represents the mouse cerebellum – vermis in blue and hemispheres in yellow. Sagittal 305 
schematics of the vermis (anterior regions in dark blue, posterior regions in light blue) and 306 
hemisphere (in yellow). The DCN are highlighted in red dotted boxes. A successful dissection will 307 
start with the initial razor blade placement down the midline of the brain (Figure 1B); this guides 308 
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the successful placement of the following six blades (Figure 1C). This leaves six sagittal sections 309 
(Figure 1D), four lateral/hemisphere sections (outlined in purple) and two midline/vermal 310 
sections (outlined in light blue). The 4 lateral sections contain the DCN; Figure 1E depicts a 311 
successful DCN punch dissection. The midline vermal sections will most likely have half of the 312 
most medial DCN present in the 1 mm thick section, however it will not be present all the way 313 
through and isn’t possible to reproducibly dissect out. The midline vermal sections are separated 314 
into anterior and posterior lobules as depicted in Figure 1F. A successful dissection sets up the 315 
rest of the experiments for success. 316 
  317 
Real Time qualitative Polymerase Chain Reaction (RT qPCR) results demonstrate the feasibility of 318 
assessing the gene expression levels of each individual region as well as serve to validate 319 
dissections. We used primers detecting genes that show gradient expression from anterior to 320 
posterior cerebellar cortex and enrichment in the DCN and compared their expression to the bulk 321 
cerebellar lysates.  322 
 323 
We assessed the expression levels of three genes: aldolase C, parvalbumin, and Kcng4. Aldolase 324 
C, also known as zebrin II, is an enzyme that is expressed in a consistent banding pattern through 325 
the cerebellum. It is expressed more highly in the posterior vermis than the anterior vermis. 326 
There are also bands in the hemispheres13,14. Parvalbumin which is a calcium binding protein that 327 
is expressed in inhibitory cells. Based on the Allen Brain Atlas, parvalbumin seems relatively 328 
uniformly expressed throughout the cerebellar cortex and in the DCN (http://mouse.brain-329 
map.org/gene/show/19056). Kcng4, a potassium voltage gated channel subunit, appears to be 330 
enriched in the DCN and in the anterior compared to the posterior lobes (https://mouse.brain-331 
map.org/gene/show/42576). Quantitative expression analysis showed that, as expected, 332 
aldolase C is more highly expressed in the posterior cerebellar vermis (CCpV) but lower in the 333 
DCN and the anterior region of the vermis (CCaV) when compared to the bulk cerebellar 334 
dissection (Figure 2A). Parvalbumin is similarly present in the DCN, anterior vermis, posterior 335 
vermis, and hemisphere cerebellar cortices as in the bulk cerebellar extracts (Figure 2B). Kcng4 336 
is significantly enriched in the DCN and the anterior vermis (CCaV) and it is not significantly 337 
enriched in the posterior vermis (CCpV) or hemispheres (CCH) when compared to the bulk 338 
extraction (Figure 2C). This result follows what was expected based on the pattern seen in the 339 
Allen Brain Atlas. Thus, gene expression analysis validates the dissection protocol and confirms 340 
that good quality RNA can be obtained and tested. 341 
 342 
To directly compare the expression of aldolase C across the cerebellar cortex, the expression 343 
levels were compared to where it is supposed to be lowest, the anterior vermis (CCaV) (Figure 344 
3). The expression level of aldolase C was significantly higher in the posterior vermis (CCpV) and 345 
trending higher in the cerebellar hemispheres (CCH), though not quite significantly so. This trend 346 
in the cerebellar hemispheres is likely because there are bands of aldolase C in the hemispheres, 347 
and the dissection captures aldolase negative and positive bands.  348 
 349 
FIGURE AND TABLE LEGENDS: 350 
Figure 1: Representative images of cerebellar dissection. (A) Schematic of mouse cerebellum 351 
with vermis in blue and hemispheres in yellow. Sagittal cerebellar schematics of both vermis and 352 
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hemisphere. Vermis is in blue, with dark blue marking the anterior vermis, and light blue marking 353 
posterior vermis. Hemisphere in yellow. The DCN are marked in each with red-dotted boxes. (B) 354 
Full brain in sagittal mouse brain matrix, with razor blade down midline. (C) Placement of three 355 
razor blades 1 mm apart on either side of the midline. (D) The resulting six sagittal brain sections. 356 
Four contain lateral/hemisphere cerebellar sections (the top four images outlined in purple). Two 357 
contain medial/vermal cerebellar sections (bottom two images, outlined in light blue). (E) 358 
Representative lateral/hemisphere cerebellar section with DCN punch dissected to the right of 359 
the section (section outlined in pink in Figure 1D). (F) Cerebellar section in Figure 1D with square 360 
dotted turquois around it, dissected into anterior and posterior vermal lobules. 361 
   362 
Figure 2: RT qPCR relative gene expression in isolated specific regions of the cerebellum. 363 
Relative expression of aldolase C (A), parvalbumin (B), and Kcng4 (C) normalized to 18S rRNA (a 364 
ribosomal RNA, that is expressed in all cells), and using bulk cerebellar extract as a reference. As 365 
expected, aldolase C expression was higher in the posterior vermis and lower in the DCN and 366 
anterior vermis (A). As expected, based on Allen Brain Atlas, parvalbumin expression is uniformly 367 
expressed across each extracted region, while Kcng4 expression is significantly enriched in the 368 
DCN and CCaV. One-way ANOVA, with a Tukey’s post hoc test. *p < 0.005, ** p < 0.0001 relative 369 
to the bulk cerebellar extract. Histograms represent average values for N=3 with values for each 370 
individual mouse shown as dots. Error bars represent standard error of the mean.  DCN (Deep 371 
cerebellar nuclei), CCaV (the cerebellar cortex of anterior vermis), CCpV (the cerebellar cortex of 372 
the posterior vermis), and CCH (the cerebellar cortex of the hemispheres). N=3 mice for 373 
cerebellar dissection regions. N=1 bulk extract. Experiment done in triplicate. 374 
 375 
Figure 3: RT qPCR relative gene expression of aldolase C across cerebellar cortex. Relative 376 
expression of aldolase C in specific regions of the cerebellar cortex – anterior vermis (CCaV), 377 
posterior vermis (CCpV), and hemispheres (CCH). Gene expression level of aldolase C was 378 
normalized to 18S rRNA and compared to the expression level in the anterior vermis. As 379 
expected, aldolase C expression was enriched in the posterior vermis. One-way ANOVA, with a 380 
Tukey’s post hoc test. *p < 0.005 relative to CCaV. Error bars represent standard error of the 381 
mean. CCaV (the cerebellar cortex of anterior vermis), CCpV (the cerebellar cortex of the 382 
posterior vermis), and CCH (the cerebellar cortex of the hemispheres). N=3 mice, experiment 383 
done in triplicate. 384 
 385 
DISCUSSION:  386 
The method described here makes it possible to assess the underlying gene expression and 387 
molecular mechanisms within four distinct cerebellar regions – the deep cerebellar nuclei (DCN), 388 
the anterior cerebellar cortex of the vermis (CCaV), the posterior cerebellar cortex of the vermis 389 
(CCpV), and the cerebellar cortex of the hemispheres (CCH). The ability to assess these regions 390 
separately will expand our knowledge of the heterogeneity of specific cerebellar regions and 391 
possibly shed light on their contribution to various behaviors.  392 
 393 
By sectioning the full brain tissue sagittally, it is possible to easily visualize and identify these four 394 
regions of the cerebellum, allowing for a quick dissection. To the best of the author’s knowledge 395 
this is the first description of full cerebellar regional dissection for molecular analysis. In a paper 396 
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published recently, researchers used bulk dissection of  the anterior lobules of the cerebellum 397 
and the nodular lobule of the cerebellum for molecular analysis22.  However, with the described 398 
method they would not be able to also dissect the DCN.  Attempts to isolate DCN punches using 399 
a vibratome to cut 300um thick slices usually run into three critical problems. First, due to slight 400 
differences in mounting of the cerebella and the angle at which the tissue is cut, it is not easy to 401 
reproducibly isolate the same regions across animals. Second, mounting and slicing takes time, 402 
increasing the chances of RNA degradation and decreasing quality of RNA sample for 403 
downstream applications. Lastly, punches from 300 µm thick slices produce low yield of RNA. 404 
  405 
Data shown here suggests that it is possible to use this technique to assess relative gene 406 
expression across cerebellar regions. Aldolase C is highly upregulated in the CCpV. Kcng4 is highly 407 
upregulated in the DCN and CCaV, and parvalbumin is expressed relatively equally across all 408 
regions in the cerebellum. While these are only three genes, these results demonstrate that this 409 
dissection method can be used to identify the underlying molecular signatures of these distinct 410 
regions.  411 
 412 
There are a few critical things to pay attention to throughout this protocol. Positioning the brain 413 
in the matrix is an important step. In some cases, the brain may have not been set perfectly level 414 
in the matrix or exactly on the midline. This would become clear when looking at each of the 415 
sagittal sections. For example, if cut exactly at the midline, the most medial cerebellar sections 416 
will look almost identical and have no DCN visible. Because these landmarks are identifiable by 417 
eye it is possible to troubleshoot how many sections qualify as vermal or hemisphere sections, 418 
and they can be combined together in the same microfuge tube. Another critical step is the 419 
extraction of the DCN. In some instances, depressing a finger to the top of the 200 µL pipette tip 420 
is not enough pressure to extract the tissue punch. If this is the case, it will be necessary to scoop 421 
out the punch with a needle nose forceps and place the punch in the correct tube. The next 422 
critical step of this protocol is the RNA extraction. While the volumes listed have been optimized 423 
for maximal RNA extraction, it may also be necessary to adjust the amounts of solution in the 424 
RNA extraction protocol to fit the lab’s individual needs. Because there is little tissue to work 425 
with, there is a higher chance of phenol contamination in the final RNA product. This can be 426 
managed by adjusting the amount of RNA isolation solution used to homogenize the tissue and 427 
ensuring that the homogenized tissue is thoroughly mixed.  428 
 429 
Limitations of this protocol are that while the DCN are divided into three separate nuclei (lateral, 430 
interposed, and medial), it is difficult to visualize and reproducibly punch each of these out of 1 431 
mm sections, let alone have enough tissue from which to extract RNA. Along with this limitation, 432 
half of the most medial DCN appears in the vermis; however, with this dissection it is difficult to 433 
visualize and reproducibly dissect out. As the protocol is currently, the other half of the medial 434 
DCN and the remaining DCN are dissected out. There are also ten individual vermal lobules and 435 
eight lobules in the hemispheres, but to dissect each of these individually and in a reproducible 436 
manner would be difficult and lead to very low RNA concentration yields. While this method does 437 
make it possible to delve more specifically into regions of the cerebellum, it does still combine 438 
distinct anatomical regions into groups which could be masking unique changes on the level of 439 
individual lobules or sub-lobule units. 440 
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 441 
In conclusion, this method makes it possible to simultaneously explore regional molecular 442 
differences four specific regions of the cerebellum. By assessing the cerebellum in this region-443 
specific manner, it is possible to tease apart underlying molecular mechanisms and gene 444 
expression that characterize those regions. This will further our understanding of the role that 445 
the distinct cerebellar regions play in different behaviors and allow for future work to focus 446 
specifically at one cerebellar region and explore its role in disease or target treatment. 447 
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Name of Material/ Equipment Company Catalog Number Comments/Description

1.5 Microcentrifuge tubes ThermoScietific 3456

100% Isopropyl Alcohol VWR Life sciences 1106C361

200 ul Pipet tips GeneMate P-1237-200

Adult Mouse Brain Matrix Sagittal Kent Scientific Corporation RBMA-200S

Blunt forceps

Chloroform Macron 220905

Decapitation Scissors

Dissecting Scissors

Ethyl Alcohol Pharmco 111000200

Glass Slide (for electrophoresis) BIORAD

Homogenizer Kimble 6HAZ6

Ice Bucket

Insulin Syringe (.5ml) BD 329461

iScript Adv cDNA kit for RT-qPCR BIORAD 1725037

Micro Spatula

Needle Nose forceps

Petri Dish Pyrex

Primetime Primer for Aldolase C IDT Mm.PT.58>43415246

Primetime Primer for Kcng4 IDT Mm.PT.56a.9448518

Primetime Primer for Parvalbumin IDT Mm.PT.58.7596729

Primetime Primer S18 IDT Mm.PT.58.12109666

Single Edge Rzor Blades Personna GEM

Sterile, sigle-use pestles FisherScientific 12141364

TRIzol Reagent Ambion by Life technologies 15596018

Vascular Scissors
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October, 19th 2020 
Minneapolis, MN 
 
Subject:  Re-Submission of an article. 
  
Dear Dr. Nguyen, 
 
Thank you for overseeing the review of our manuscript entitled “"Cerebellar Regional 

Dissection for Molecular Analysis’. We have carefully read the editorial and reviewer’s 

comments and did our best to address them. Below we provide a point-by-point 

responses in blue. The majority of the changes they suggested have been made in the 

manuscript and are highlighted in yellow for easy identification. Those rare changes we 

did not make are addressed below with our detailed response. 

 
Editorial comments: 
 
 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure that 
there are no spelling or grammar issues. 
 
We have thoroughly proofread the manuscript. 
 
2. Please provide an email address for each author. 
 
We have provided an email address for each author in revised manuscript. 
 
3. Please include a one-line space between each protocol step and then highlight up to 
3 pages of protocol text for inclusion in the protocol section of the video. Please ensure 
you provide sufficient detail to facilitate the filming of the video. 
 
We have added one line of space between the steps of the protocol and highlighted the 
protocol text for inclusion in the video.  
 
4. Use the µ symbol from the Insert > Symbol menu rather than u.  
 
We have changed each instance of ul to µl. 
 
5. Being a video-based journal, JoVE authors must be very specific when it comes to 
the humane treatment of animals. Regarding animal treatment in the protocol, please 
add the following information to the text: 
a) Please include an ethics statement before all of the numbered protocol steps 
indicating that the protocol follows the animal care guidelines of your institution. 
b) Please specify the euthanasia method. 
c) Please do not highlight any steps describing euthanasia. 
 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Hamel_ Rebuttal
Letter.docx
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Following sentences were added to revised manuscript: 

“All experiments were conducted in accordance with the guidelines of the Animal Care 
Committees of the University of Minnesota.” 

 
“Euthanize the mouse using 5% CO2 exposure. Once breathing has ceased, perform 
cervical dislocation. Decapitate the mouse with the decapitation scissors and discard of 
the carcass in appropriate bag.” 
 

Euthanasia steps were not highlighted 

 
 
6. Please specify how many mice were used as well as their strain, age, and sex. 
 
Information regarding the mice used in this experiment was included in the revised 
manuscript: 
 

For these experiments, four eleven-week-old female wild type C57/Black6 mice were used. One 
mouse was used to conduct a full cerebellar dissection which is referred to as ‘bulk cerebellum’ 
and allowed for the comparison of RNA levels in dissected regions to a full dissection. The other 
three mice were used to conduct the cerebellar dissection described in this protocol. Using 
three mice makes it possible to ensure that the trends detected in the levels of RNA are 
reproducible across mice. 
 
 
7. JoVE cannot publish manuscripts containing commercial language. This includes 
trademark symbols (™), registered symbols (®), and company names before an 
instrument or reagent. Please remove all commercial language from your manuscript 
and use generic terms instead. All commercial products should be sufficiently 
referenced in the Table of Materials and Reagents. 
For example: TRIzol RNA extraction; 
 
We have reworded manuscript to remove commercial language.  
For TRIzol RNA extraction since TRIzol is the name of the reagent so we revised this to 
RNA extraction with TRIzol. 
 
8. 3.5, 3.8 etc: please replace “centrifuge at 12kG” with “centrifuge at 12,000 × g”. Use 
this style for all centrifugation conditions. 
 
We have replaced this accordingly.  
 
9. 3.13: Please replace “-80” with “-80 °C”. 
 
We have replaced this as suggested. 
 
10. 4.1: does the reference no. 20 also contain primer sequences and PCR conditions? 
If not, please add this information or provide a reference that does. 



 
We have included this information to revised manuscript. 
 

4.2. Primers are all purchased from IDT. Forward and reverse sequences are both in the same 
sample tube, and stored at 20x concentration.  
 
4.3. 18S rRNA (control gene): Forward – 5’-CCTGAGAAGTTCCAGCACAT-3’  

       Reverse – 5’-ACACCACATGAGCATATCTCC-3' 
 
4.4. Parvalbumin (Calcium binding protein, inhibitory cells):  

Forward – ‘5-ATGAGGTGAAGAAGGTGTTCC-3’ 
Reverse – ‘5-AGCGTCTTTGTTTCTTTAGCAG-3’ 

 
4.5. Kcng4 (Potassium channel subunit): Forward – 5’-CTGTCTTTTCCTGGTCAGTGA-3’ 
               Reverse – 5’-GCATTGCCTCAGACTGTCAG-3’ 
 
4.6. Aldolase C (Zebrin II, differentially expressed across the cerebellar cortex):  

Forward – 5’-AGAGGACAAAGGGATAATGCTG-3’ 
    Reverse – 5’-TCAGTAGGCATGGTTGGC-3’ 
 
4.7. qPCR conditions were as follows. Pre-incubation period, 5 minutes, at 95˚C. Amplification 
period, 50 cycles: 10 minutes at 95˚C, 10 minutes at 62˚C, and 10 minutes at 72˚C. Melting 
curve period, 5 seconds at 95˚C, one minute at 65˚C, and set ramp rate to .07˚C/second until 
target temp of 97˚C. Then cooling period for 10 minutes to 40˚C. All qPCR reactions were 

performed in triplicate and gene expression was analyzed using 2- Ct with 18S rRNA as a 
loading control to normalize gene expression. Bulk cerebellar extract was used as a reference 
 
11. Lines 209-210: is the choice of these genes (Kcng4 and parvalbumin) based on 
their differential expression in different parts of the cerebellum? If so, please add some 
information to this effect and also name some other genes that could be selected on the 
basis of their differential expression in different parts of the cerebellum. 
 
Kcng4 were chosen based on its differential expression in different parts of the cerebellum 
(higher in anterior vermal lobules and hemispheres), while parvalbumin was chosen as a 
control because of its uniform expression throughout the cerebellum.  In addition, in 
revised manuscript I have included results with aldolase C as this is another gene with 
differential expression in different parts of the cerebellum (higher in posterior vermal 
lobules). This is also described in revised text of manuscript: 
 

We assessed the expression levels of three genes. Aldolase C, also known as zebrin II, is an 
enzyme that is expressed in a consistent banding pattern through the cerebellum. It is expressed 
more highly in the posterior vermis than the anterior vermis. There are also bands in the 
hemispheres. Parvalbumin which is a calcium binding protein that is expressed in inhibitory cells. 
And Kcng4 which is a potassium voltage gated channel subunit. Based on Allen brain Atlas 
parvalbumin seems relatively uniformly expressed throughout the cerebellar cortex and in the 



DCN (http://mouse.brain-map.org/gene/show/19056), while Kcng4 appears to be enriched in 
the DCN and in the anterior compared to the posterior lobes (https://mouse.brain-
map.org/gene/show/42576). 
 
12. Figure 1: please consider adding scale bars or something to indicate expected 
dimensions. 
 
We have added scale bars to this figure. 
 
13. Figure 2: usually relative expression involves normalizing mRNA levels of target 
genes to mRNA levels of an internal reference gene such as GAPDH or beta-actin. 
Here, you mention relative to bulk cerebellar extract. Are you dividing the mRNA levels 
by the amount of protein in bulk cerebellar extract? Please clarify. Also, please specify 
whether error bars are standard deviation or standard error of the mean. 
 
Gene expression was first normalized to the reference gene 18S rRNA, and then we have 
used bulk cerebellar expression level as a reference. We also included a statement that 
error bars represent standard error of the mean. 
 
14. As we are a methods journal, please add significance with respect to existing 
methods to the discussion. 
 
Based on this comment we have revised discussion: 
 

To the best of the author’s knowledge this is the first description of full cerebellar region 
dissection for molecular analysis. In a new paper published in September of 2020, researchers 
bulk dissect the anterior lobules of the cerebellum and the nodular lobule of the cerebellum21. 
This work performed molecular analysis on these dissected regions. With the method they 
described, they would not be able to also dissect the DCN.  Methods used to isolate DCN 
punches using a vibratome to cut 300um thick slices ran into three critical problems. First, due 
to slight differences in mounting of the cerebella and the angle at which the tissue is cut it is 
not easy to reproducibly isolate the same regions across animals. Second, mounting and slicing 
takes time increasing the chances of RNA degradation and decreasing quality of RNA sample for 
downstream applications. Lastly, punches from 300um thick slices produce low yield of RNA. 
 
15. Please capitalize the first letters of journal names, e.g., Journal of Neurophysiology, 
and do not abbreviate any journal names, e.g., Nature Neuroscience 
 
We have revised references as suggested. 
 
16. Please sort the Materials Table alphabetically by the name of the material. 
 
We have sorted Materials Table alphabetically as suggested. 
 
____________________________________ 
Reviewers' comments: 



Reviewer #1: 
 
1. Section 1.1: Provide please more specifically what extraction tools are to be 
prepared. Video can show these instruments, but a written list may be also helpful. 
 
We have revised this section to include expanded list of extraction tools. 
 

Gather necessary equipment including decapitation scissors, blunt forceps, dissection scissors, 
vascular scissors, microspatula, sagittal mouse brain matrix, razor blades, 200 µl pipet tips, glass 
Petri dish, glass slide, and ice bucket. Lay out all equipment on absorbent pad. 
 
 
Minor Concerns: 
1. Abstract: In the sentence "Here we describe a technique to reproducibly and quickly 
four different cerebellar regions:..." some verb seem to be missing - separate or dissect. 
 
We thank the reviewer for pointing this omission to us. Revised manuscript states: 
 

Here we describe a technique to reproducibly and quickly dissect four different cerebellar 
regions: the deep cerebellar nuclei (DCN), anterior and posterior vermal cerebellar cortex, and 
the cerebellar cortex of the hemispheres 
 
 
2. Sections 2.12 and 2.13: Reference to the Fig. 1 A might be better in the section 2.12 
(instead of or in addition to section 2.13) where one razor blade along the midline is 
mentioned. 
We have added reference to Fig 1B as suggested.  
3. Section 3.12: Word samples is twice in the sentence. Could it be revised as follows: 
Add 20 ul to samples for DCN, and 30 ul for all others. 
 
We have revised this sentence as suggested: 

 
Once dry, resuspend the pellet in DNase free water. Add 20 µl to samples for DCN, and 30 µl for 
all others. 
 
4. Section 3.13: Add ˚C behind the temperature value. 
 
We have corrected this. 
 
5. Line 271: "repriducibly" correct to "reproducibly" 
 
Thank you, this typo was corrected. 
 
6. Line 276: Delete "areas" or "regions". One of the words seems to be redundant. 
 
Thank you for pointing out this redundancy, it has been corrected.  



 
 
Reviewer #2: 
Major Concerns: 
1. What size is the necessary to punch out DCN? How is 200 ul pipet tip trimmed? The 
authors should figure out the method to trim the tip. 
 
Revised manuscript includes this description: 
 

1.3. Using a razor blade at a perpendicular angle trim about 5 mm off the tip of one 200 µl pipet 
tip. This makes the size of the opening at the end of the tip about 1 mm wide. This should be 
sufficient to punch out the DCN.  
 
Reviewer #3: 
 
Minor Concerns: 
(1) Some details were missing in the manuscript. 
a) What are the ages of mice used in establishing this protocol? Do animals of different 
ages need different brain matrix? 
 
We have included ages of mice in the revised manuscript.  
 

For these experiments, four eleven-week-old female wild type C57/Black6 mice were used. 
 
While this matrix is designed for adult mouse brain tissue, it will still produce consistent 
slices for the younger mice. This was added to the manuscript: 

 
This matrix is designed for adult mouse brain tissue, tissue from younger or diseased animals 
may rest lower in the matrix but it should still be possible to achieve reproducible results across 
samples. 
 
b) It is better to have the vendors and part numbers of items shown at least once in the 
manuscript when the items appear for the first time. The order information of some 
items was missing in the table, for example the surgical scissors, micro spatula etc. 
 
While we agree with the reviewer, we were unable to find this information as the 
surgical tools including scissors, spatula etc. have been in the lab for few years and we 
don’t have specific vendors/part numbers for them. 
 
c) In flash freezing, how long to leave the tube in liquid nitrogen? just a second? 
 
We have further clarified the flash freeze period. This was added to the manuscript: 
 

Using forceps, carefully place the anterior cerebellar cortex sections and posterior cerebellar 
cortex sections into their respective microfuge tubes and flash freeze by leaving the tubes in 
liquid nitrogen for 5 minutes. From here move forward to RNA extraction, or, if a break is 



needed, store the tubes at -80 ˚C. 
 
d) In the protocol, explain the meaning of some critical steps. For example, in lines 159-
176, what is the purpose of Chloroform? Or what is in the heavier organic phase, what 
is in the lighter aqueous phase? What is the purpose of isopropyl alcohol and later 
ethanol? What is the pellet. Considering many young neuroscientists may not take 
biochemistry labs, those details help them understand the protocol. 
 
We have revised manuscript accordingly to address these concerns: 

 
 Add 150 µl of chloroform to the tube and shake vigorously and then let rest for 2-3 minutes. 
The chloroform separates the homogenized tissue solution into phases (RNA, DNA, and 
protein). 
 
3.5. Centrifuge at 12,000 x g, at 15˚C, for 10 minutes. Ensure that all tubes are at the same 
orientation. 
 
3.6. Carefully remove the tubes and set the temperature of the centrifuge to 4˚C. Remove only 
the aqueous phase into a new tube (this is the RNA), careful not to disrupt the interphase (the 
DNA).  The lowest phase will be red and contains proteins. Remaining solution in the tubes can 
be saved or discarded.  
 
3.7. Add 100% isopropyl alcohol at a 1:2 ratio (if removed 200 ul of aqueous phase, add 100 ul 
of isopropyl alcohol). Mix thoroughly by pipetting up and down. Let rest at room temperature 
for 10 minutes. The isopropyl alcohol precipitates the RNA out of solution. 
 
3.8. Centrifuge at 12,000 x  g, at 4˚C, for 10 minutes. Be sure to place all the tubes at the same 
orientation to make it easier to visualize the pellet. The resulting pellet will be the extracted 
RNA.  
 
3.9. Carefully remove the tubes, remove the supernatant being careful not to disrupt the pellet. 
The pellet will be difficult to see, but should be able to estimate where it is based on the 
orientation of the tubes in the centrifuge.  
 
3.10. After removing all of the supernatant, add 500 µl of 75% ethanol, vortex briefly, and 
centrifuge at 7500 x  g, at 4˚C, for 5 minutes. The ethanol further washes the pellet.  
 
 
e) Line 175, how long to dry the DNA/RNA pellet? It is better to give some number than 
qualitatively saying 'Do not over dry'. 
 
Revised manuscript includes the time. Over-drying the RNA pellet can lead to difficulties 
resuspending and degradation, so the phrase is left in. The correction reads as such: 
 



3.11. Remove the supernatant carefully, without disrupting the pellet. Leave caps open to dry 
the sample. This usually takes 5-10 minutes but can vary depending on how much ethanol was 
left on the pellet. Do not over dry.  
 
 
(2) Since some potential users of this protocol may not be familiar with the anatomy of 
cerebellum, please consider adding a schematic of cerebellum structures in the figures. 
And it would be very helpful to label the different cerebellar parts in figure 1C (zoom in 
first before adding labels). 
 
We thank the reviewer for this suggestion and have included cerebellar schematic as 
well as including labels for different cerebellar regions zoomed in Fig 1E and F. 
 

 
Sincerely, 
Katherine Hamel 


