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SUMMARY: 26 
The current protocol presents a fast, efficient, and gentle method for isolating single cells suitable 27 
for single-cell RNA-seq analysis from a continuously growing mouse incisor, mouse molar, and 28 
human teeth. 29 
 30 
ABSTRACT: 31 
Mouse and human teeth represent challenging organs for quick and efficient cell isolation for 32 
single-cell transcriptomics. The dental pulp tissue, rich in the extracellular matrix, requires a long 33 
and tedious dissociation process that is typically beyond the reasonable time for single-cell 34 
transcriptomics. For avoiding artificial changes in gene expression, the time elapsed from 35 
euthanizing an animal until the analysis of single cells needs to be minimized. This work presents 36 
a fast protocol enabling to obtain single-cell suspension from mouse and human teeth in an 37 
excellent quality suitable for scRNA-seq (single-cell RNA-sequencing). This protocol is based on 38 
accelerated tissue isolation steps, enzymatic digestion, and subsequent preparation of final 39 
single-cell suspension. This enables fast and gentle processing of tissues and allows using more 40 
animal or human samples for obtaining cell suspensions with high viability and minimal 41 
transcriptional changes. It is anticipated that this protocol might guide researchers interested in 42 
performing the scRNA-seq not only on the mouse or human teeth but also on other extracellular 43 
matrix-rich tissues, including cartilage, dense connective tissue, and dermis. 44 
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 45 
INTRODUCTION: 46 
Single-cell RNA sequencing is a powerful tool for deciphering in vivo cell population structure, 47 
hierarchy, interactions, and homeostasis1,2. However, its results strongly depend on the first step 48 
of this advanced analysis - the preparation of a single-cell suspension of perfect quality out of the 49 
complex, well-organized tissue. This encompasses keeping cells alive and preventing unwanted, 50 
artificial changes in gene expression profiles of the cells3,4. Such changes might lead to the 51 
inaccurate characterization of population structure and widespread misinterpretation of the 52 
collected data. 53 
 54 
Specific protocols for the isolation out of a wide range of tissues have been developed5–8. They 55 
usually employ mechanical dissociation in combination with further incubation with various 56 
proteolytic enzymes. These typically include trypsin, collagenases, dispases, papain6–9, or 57 
commercially available enzyme mixtures such as Accutase, Tryple, etc.5. The most critical part 58 
affecting the transcriptome quality is enzymatic digestion. It was shown that prolonged 59 
incubation with enzymes at 37 °C influences the gene expression and causes the upregulation of 60 
many stress-related genes10–13. The other critical parameter of the isolation process is its overall 61 
length, as it has been shown that cell transcriptomes change after the death of the individual14. 62 
Together, an efficient protocol is developed for gentle isolation of single cells from murine and 63 
human teeth faster than other, previously utilized protocols for isolation of cells from complex 64 
tissues5,6,9,11,13,15,16. 65 
 66 
This protocol presents how to quickly dissect soft tissue from the hard tooth and prepare a single-67 
cell suspension suitable for scRNA-seq. This method employs only one centrifugation step and 68 
minimizes the effect of unwanted transcriptional changes by reducing the tissue handling and 69 
digestion time and keeping the tissue and cells at 4 °C most of the time. The procedure showcases 70 
the isolation of cells from mouse incisors, molar, and human wisdom teeth as an example, but 71 
principally works for other mouse and human teeth. The complete protocol is schematically 72 
visualized in Figure 1. This protocol has been recently used to generate a dental cell type atlas 73 
obtained from mouse and human teeth1. 74 
 75 
PROTOCOL: 76 
All animal experiments were performed according to the International and local regulations and 77 
approved by the Ministry of Education, youth and sports, Czech Republic (MSMT-8360/2019-2; 78 
MSMT-9231/2020-2; MSMT-272/2020-3). This protocol was tested with both male and female 79 
wildtype C57BL/6 and CD-1 mice and with genetically modified Sox10::iCreERT2 mice17 (combined 80 
with various reporter systems) on a C57BL/6 background. Experiments with human samples were 81 
performed with the approval of the Committees for Ethics of the Medical Faculty, Masaryk 82 
University Brno & St. Anne´s Faculty Hospital in Brno, Czech republic. 83 
 84 
1. Experimental set-up and preparation of solutions 85 
 86 
1.1. Instrument set-up 87 
 88 



 

1.1.1. Cool down the centrifuge to 4 °C. 89 
 90 
1.1.2. Heat the incubation chamber to 37 °C. 91 
 92 
1.1.3. Start the Fluorescence-activated cell sorting (FACS) machine and set all the temperatures 93 
of the sorter (including collection tube holder) to 4 °C. Perform the instrument quality control, 94 
set the drop delay. 95 
 96 
1.1.4. Set the preliminary gating strategy and perform the test sorting. 97 
 98 
NOTE: When using FACS, use the 100 µm nozzle. 99 
 100 
1.2. Prepare the solutions (steps 1.2.1–1.2.3). 101 
 102 
1.2.1. Wash solution: Prepare fresh 2% FBS (Fetal Bovine Serum) in HBSS (Hanks' Balanced Salt 103 
Solution). 104 
 105 
1.2.2. Digestion mixture: Prepare fresh collagenase P (3 U/mL) fully dissolved in HBSS. 106 
 107 
1.2.3. Optional: Prepare fresh HBSS + BSA (0.04%) and chill analytical grade methanol in a -20 108 
°C freezer for storing single-cell suspension at -80 °C. 109 
 110 
NOTE: Step 1 needs to be performed before the start of the experiment. The composition of the 111 
utilized solutions is summarized in Supplementary Table 1. 112 
 113 
2. Preparation of experimental animal/s and human tooth 114 
 115 
2.1. Prepare the experimental animals (mouse). 116 
 117 
2.1.1. Euthanize the mouse according to the local regulations; e.g. by anaesthetics overdose as 118 
described previously1. 119 
 120 
CAUTION: Regulations for humane euthanizing of experimental animals varies locally. Always 121 
follow valid local regulations. 122 
 123 
2.1.2. Immediately proceed to the tissue dissection step (step 3). 124 
 125 
NOTE: If the tissue from the experimental animals cannot be dissected immediately (e.g., because 126 
of transfer from animal housing facility), place the experimental animals on ice and perform 127 
tissue dissection as soon as possible. To obtain more cells from mouse molar pulps, use younger 128 
(6 weeks and less) animals. With increasing age, the size of dental pulp decreases. Mouse incisors 129 
mostly keep their structure with increasing age so animals of various ages can be used for tissue 130 
dissection. 131 
 132 



 

2.2. Prepare the human tooth 133 
 134 
NOTE: Human teeth were extracted for a clinically relevant reason. Every diagnosis was treated 135 
individually, and an experienced dental surgeon always performed the tooth extraction. 136 
 137 
2.2.1. Put the freshly extracted tooth immediately into a 50 mL tube with ice-cold HBSS and 138 
keep the tube on ice until further processing. 139 
 140 
NOTE: Using retained wisdom teeth from patients until age 25–30 is recommended for the 141 
highest cell yield. 142 
 143 
3. Tissue dissection 144 
 145 
3.1. Hold the experimental animal behind its head, looking on the ventral aspect of its head 146 
so that the tail points away. 147 
 148 
3.2. Using small, sharp scissors, quickly remove the skin from the mandible to expose the 149 
mandibular arch, the soft tissue between each half of the mandibles, and the adjacent facial 150 
muscles. 151 
 152 
3.2.1. Make a deep cut from each side of the mandible; firstly, through m. masseter along the 153 
buccal side of the mandible up to the temporomandibular joint, and then along the inner part of 154 
each half of the mandible through the base of the oral cavity (see Supplementary Figure 1). 155 
 156 
3.3. Cut all the muscles and ligaments along the mandible up to the temporomandibular joint 157 
from both outside and inside of the oral cavity. 158 
 159 
NOTE: Avoid cutting bones. This might damage the most apical part of the incisor. 160 
 161 
3.4. Grasp the mandible using bent tip tweezers and remove it. Then, split the dissected 162 
mandible into two halves with scissors by cutting through mandibular symphysis (see 163 
Supplementary Figure 1). 164 
 165 
3.5. Use an industrial low lint wipe to chafe the remaining soft tissue from each half of the 166 
mandible. After both parts of the mandible are cleaned, place them into a pre-prepared Petri 167 
dish with ice-cold HBSS. 168 
 169 
NOTE: From this point forward, work on ice. Further dissection of mouse incisors and molars is 170 
performed under a stereomicroscope with a black background. 171 
 172 
3.6. Mouse mandibular incisors 173 
 174 
3.6.1. For the dissection of mandibular incisors, remove the alveolar ridge with all three molars 175 
and transversally crack the mandibular arch in the place corresponding to the position between 176 



 

the first and second molar. 177 
 178 
NOTE: A sharp scalpel blade no. 11 and tweezers are used to perform this step (see Table of 179 
Materials). 180 
 181 
3.6.2. Carefully pull the incisor out of the rest of the dental socket. 182 
 183 
NOTE: If successful, the extracted incisor will contain intact apical parts, including epithelial tissue 184 
with complete cervical loops. 185 
 186 
3.6.3. If needed, remove the remaining fragments of bone still attached to the incisor with 187 
tweezers and a scalpel. 188 
 189 
3.6.4. Place the dissected incisors into fresh, ice-cold HBSS and dissect the tissue of interest: 190 
cervical loop, dental pulp, or other parts of the tooth. 191 
 192 
3.6.5. Place the dissected soft tissue into a droplet of fresh, ice-cold HBSS in the middle of a 10 193 
cm Petri dish. Keep on ice. 194 
 195 
3.7. Mouse mandibular molars 196 
 197 
3.7.1. For dissecting mandibular molars, completely remove the alveolar ridge from the rest of 198 
the mandible using a scalpel blade. 199 
 200 
3.7.2. Move the dissected alveolar crest into fresh, ice-cold HBSS in a Petri dish and carefully 201 
remove all the remaining fragments of alveolar bones attached to the roots. 202 
 203 
3.7.3. Place the dissected molars without alveolar bone into fresh, ice-cold HBSS. To expose the 204 
pulp, start to remove parts of the dentin from the apical side using fine, sharp tip tweezers until 205 
you reach the pulp cavity. 206 
 207 
3.7.4. Once the pulp cavity is reached, carefully dissect dental pulp using a pair of sharp tip 208 
tweezers and place the soft tissue of the dental pulp into a droplet of fresh, ice-cold HBSS in the 209 
middle of a 10 cm Petri dish kept on ice. 210 
 211 
NOTE: Since mouse molar pulps are extremely small, adapt magnification on the 212 
stereomicroscope accordingly. 213 
 214 
3.8. Human tooth 215 
 216 
3.8.1. Wash human tooth once again in ice-cold HBSS to remove the remaining blood. 217 
 218 
3.8.2. Place the tooth into three thick-walled sterile plastic bags and use a cast iron benchtop 219 
engineer's vise to crack the tooth. Use vise jaws with a flat surface to avoid penetrating the bags. 220 



 

 221 
3.8.3. Slowly tighten the vise until you hear the tooth cracking; remove it from the bags and 222 
place it into fresh, ice-cold HBSS in a Petri dish. 223 
 224 
3.8.4. Using two tweezers, take out the dental pulp, clean it from all the remnants of hard tissue 225 
and place it into one droplet of ice-cold HBSS in the middle of a 10 cm Petri dish kept on ice. 226 
 227 
CAUTION: Human tissue might potentially be infectious. When working with human tissue, use 228 
protective equipment to avoid direct contact with the tissue. 229 
 230 
4. Preparation of single-cell suspension 231 
 232 
4.1. Prepare a 15 mL tube with 2.5 mL of digestion mixture composed of Collagenase P (3 233 
U/mL) fully dissolved in HBSS. Keep the solution on ice until use. 234 
 235 
NOTE: Always use freshly prepared Collagenase P; do not freeze the aliquots. Collagenase P 236 
activity varies from batch-to-batch. Check the activity of your batch before diluting. Collagenase 237 
P is activated by calcium, whose amount is already sufficient in the lyophilized powder. 238 
Therefore, it is unnecessary to enrich the enzyme mix with calcium. Collagenase P is not 239 
inactivated by FBS but can be inactivated by chelating agents (e.g., Ethylenediaminetetraacetic - 240 
EDTA). Stopping the dissociation process is ensured by diluting the Collagenase P in Wash 241 
solution (2% FBS in HBSS). It has been shown that adding FBS increases cell viability and the final 242 
number of cells after sorting18. 243 
 244 
4.2. Using a round-shaped scalpel blade no. 10, cut the tissue in all directions into the smallest 245 
possible pieces. Reaggregate the tissue pieces in the middle of the droplet and repeatedly cut 246 
the tissue aggregates using a round-shaped (No. 10) scalpel blade. Repeat this process several 247 
times until the material is sufficiently minced. 248 
 249 
4.3. Transfer the shredded tissue pieces using a 1 mL pipette tip into the prepared digestion 250 
mixture. 251 
 252 
NOTE: In the case of a larger number of animals being processed at once, split the tissue into 253 
several tubes with Collagenase P. The amount is approximately the pulp from 10 incisors for one 254 
tube. In the case of molars, where pulps are much smaller, the number of processed pulps can 255 
be increased adequately. When using human teeth, use a maximum of 2–3 pulps per tube, 256 
depending on the pulp size. 257 
 258 
4.4. Place the tube into a 37 °C preheated incubator with a shaker. Tilt the tube inside the 259 
shaker to an angle of 60° and set the speed to 150–200 rpm to ensure constant suspension 260 
movements inside the tube. 261 
 262 
4.5. Vigorously triturate the suspension every 3–4 min with a 1 mL pipette tip to disintegrate 263 
all the clumps. 264 



 

 265 
NOTE: With time, the clumps will become smaller and softer until they almost disappear. 266 
 267 
4.6. In total, incubate for 15–20 min. At the end of the incubation, triturate for the last time, 268 
and then slowly add ice cold Wash solution to a final volume of 12 mL. 269 
 270 
4.7. Remove the remaining clumps or pieces of calcified tissue filter cell suspension using a 50 271 
µm cell strainer. 272 
 273 
4.8. Take 10–20 µL of the filtered cell suspension and count the cells during centrifugation 274 
using a cell counting chamber (Hemocytometer). Centrifuge for 5 min at 300 x g at 4 °C. Remove 275 
the supernatant using a 10 mL serological pipette. 276 
 277 
NOTE: If the number of cells is limited that cannot be counted in diluted suspension, skip the cell 278 
counting and use all the cells for further processing. 279 
 280 
4.9. Optional: Proceed for fixation and storage. 281 
 282 
4.9.1. Re-suspend the pellets (up to 107 cells) in 100 uL of HBSS + BSA (0.04%). 283 
 284 
4.9.2. Add 400 µL of ice-cold methanol and mix slowly. 285 
 286 
4.9.3. Incubate the cell suspension for 15 min on ice. 287 
 288 
4.9.4. Store at -80 °C until processed (no longer than 1 month). 289 
 290 
4.10. Resuspend the pellet in the Wash solution. Aim for 700–1200 cells/µL of the Wash 291 
solution. 292 
 293 
4.11. Keep the tube on ice until further processing. 294 
 295 
NOTE: If necessary, perform the fixation and storage at -80 °C. However, immediate processing 296 
of the cell suspension for scRNA-seq is recommended. Further steps will depend based on the 297 
single-cell RNA seq protocol. When the scRNA-seq protocol uses a microfluidic system (some sc-298 
RNA-seq companies do), load the cells based on the manufacturer’s guidelines either directly or 299 
after cell sorting. 300 
 301 
4.12. For FACS, proceed to step 5. 302 
 303 
5. Fluorescence-activated cell sorting (FACS) 304 
 305 
5.1. Before sorting, prepare the cell sorting instrument. 306 
 307 
5.1.1. Cool down the whole system to 4 °C, perform the instrument quality control, set the drop 308 



 

delay and the voltage of the deflection plates. Put collection tubes in the collection tube holder. 309 
 310 
NOTE: To avoid additional centrifugation steps resulting in an inevitable cell loss, sort cells into a 311 
microtube (1.5 mL) with a small amount (25–50 µL) of the Wash solution. 312 
 313 
5.2. Optional: perform viability staining before FACS. 314 
 315 
5.2.1. Add Propidium iodide into cell suspension before FACS to a final concentration 0.5 μg/mL 316 
and incubate for 15 min at 4 °C. 317 
 318 
5.3. Load the sample into the cell sorter. Set a strict gating strategy to remove cell debris, 319 
doublets, and dead cells. Sort the cells into a prepared tube or multi-well plates. An example of 320 
a gating strategy is shown in Figure 2. 321 
 322 
NOTE: To minimize manipulation steps and accelerate the protocol, applying a strict gating 323 
strategy is recommended (suggested in Figure 2) rather than using a viability staining. To 324 
separate the immune cells from the isolated population, CD45 antibody staining can be 325 
performed. To perform this, resuspend cell suspension in 100 µL of staining solution (PBS + 2% 326 
FBS + anti-CD45-APC conjugated antibody 1/100 dilution). Incubate for 15 min on ice protected 327 
from light and perform FACS directly. 328 
 329 
REPRESENTATIVE RESULTS: 330 
Exemplary isolation of single cells was performed from two mandibular incisors from one 6-week-331 
old C57BL/6 mouse male. Following this protocol, a single-cell suspension was prepared, and 332 
subsequently, single-cell sequencing was performed. The prepared single-cell suspension was 333 
analyzed and sorted using FACS (Figure 2). Firstly, the FSC-A (forward scatter, area) and SSC-A 334 
(side scatter, area) plotting was applied, and an appropriate gating strategy was used to select a 335 
population with expected size and granularity to filter our cell debris and cell doublets or 336 
aggregates (Figure 2A). This selected population (P1), counting 38% of all events, was further 337 
used, and FSC-A and FSC-H (forward scatter, height) parameters were applied to remove the 338 
remaining cell doublets (Figure 2B). The population without cell doublets (P2) counting 95% of 339 
P1 can be subsequently used for scRNA-seq. Alternatively, additional gating can be used to select 340 
the population of interest (e.g., expression of fluorescent proteins or live/dead staining). To check 341 
the number of live/dead cells in the final suspension, the PI (propidium iodide) staining was 342 
performed (Figure 2C). The P3 population containing PI- (living) cells was 98.4% out of the parent 343 
P2 population and 35.5% out of the total events. The total number of filtered out, dead (PI+) cells 344 
was 1887. 345 
 346 
The final number of cells obtained without viability staining suitable for RNA-seq (P2) counted 347 
118,199 cells from two mouse incisor pulps. This means the number of almost 60,000 living cells 348 
from one mandibular incisor. 349 
 350 
To clarify the number of immune cells in the final single-cell suspension, two approaches were 351 
used. Firstly, the CD45 antibody staining and subsequent FACS analysis were used. As a 352 



 

complementary method, the total number of immune cells (CD45+) in scRNA-seq data was 353 
analysed. FACS analysis showed 14.44% of CD45+ cells (13.20% alive and 1.24% dead)(Figure 3A). 354 
Analysis of scRNA-seq data showed 10.90% of CD45-expressing cells (Figure 3B). The decrease of 355 
CD45+ cells in scRNA-seq data can be caused by additional thresholding during scRNA-seq 356 
analysis. 357 
 358 
These representative data on the example of mouse incisor show that the given protocol in 359 
combination with strict gating strategy is efficient in obtaining a high number of cells out of a 360 
single mouse tooth without the necessity of additional use of viability staining. The ratio of 361 
immune (CD45+) cells was minor (13.2%). Moreover, it was previously shown that the immune 362 
cells are essential in maintaining tooth homeostasis, so removing them from scRNA-seq analysis 363 
during the FACS would be counterproductive in some applications. 364 
 365 
FIGURE AND TABLE LEGENDS: 366 
 367 
Figure 1: Schematic representation of the protocol. Different steps, including temperature 368 
conditions and expected time, are represented to prepare single-cell suspension from mouse and 369 
human teeth. 370 
 371 
Figure 2: Example of the gating strategy. FSC-A and SSC-A gating was used to produce the P1 372 
gate, reflecting the cell population with expected size and granularity and filtering out the cell 373 
and extracellular matrix debris and most large events (A). Subsequently, the P1 population was 374 
plotted in FSC-H and FCS-A plot, which filtered out cell doublets (B). This P2 population was then 375 
analyzed for the presence of dead cells by propidium iodide (C). The number of events/cells per 376 
gate are represented in (D). (FSC-A – forward scatter, area; SSC-A – side scatter, area; FSC-H – 377 
forward scatter, height; PI – propidium iodide). 378 
 379 
Figure 3: Quantification of the immune cells. Quantification of the immune cells was performed 380 
by FACS analysis of cells stained with anti-CD45 antibody and Live/Dead analysis using propidium 381 
iodide staining (A). Further quantification of immune cells was performed during scRNA-seq 382 
analysis (B). (CD45-APC – anti-CD45 allophycocyanin conjugated antibody; PI – propidium iodide; 383 
t-SNE – t-distributed stochastic neighbor embedding). 384 
 385 
Supplementary Figure 1: Overview of the mandible dissection process. Dashed lines illustrate 386 
suggested cuts. TMJ – temporomandibular joint, m. masseter – musculus masseter. 387 
 388 
Supplementary Table 1: The compositions of the solutions used in the study. 389 
 390 
DISCUSSION: 391 
Studying teeth and bones on the cellular or molecular level is generally challenging since cells 392 
forming these tissues are surrounded by different kinds of hard matrices19. One of the main goals 393 
for performing single-cell RNA-seq on dental tissue is the need to obtain cells of interest fast and 394 
without any artificial changes in their transcriptomes. To accomplish this, a highly efficient 395 
protocol suitable for isolating cells from mouse and human tooth pulps was developed, which 396 
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allows for quick generation of single-cell suspensions for all transcriptomic applications. This was 397 
ensured by fast tissue isolation, minimizing the steps of tissue and cell manipulations, and 398 
streamlining the mechanical and enzymatic digestion. 399 
 400 
The most critical steps of this protocol are fast tissue processing and adequate single-cell 401 
suspension preparation8,9. A manual approach is used to obtain dental pulps without utilizing a 402 
dental drill or other heat-generating devices. Overheating may cause an artificial expression of 403 
heat shock proteins and other genes, ultimately leading to the analyzed gene expression patterns 404 
being unrepresentative of the original tissue20. Manual tissue harvesting may be a challenging 405 
step that will likely need some training beforehand. The pulp is then cut into small pieces and 406 
enzymatically digested at 37 °C. Except for the 15–20 min of enzymatic digestion, the whole 407 
protocol is performed at 4 °C. The tissue processing and especially the enzymatic digestion were 408 
minimized to the shortest possible time since more prolonged incubation at 37 °C can cause 409 
changes in gene expression patterns10. Mechanical removing of the dentin is recommended as 410 
much as possible before enzymatic digestion. Dentin and the pulp-attached predentin contain a 411 
large amount of collagen, and its excessive presence might decrease the effectiveness of the 412 
digesting solution. After being removed from the body (or death of organisms), it was shown that 413 
cells start to modify their gene expression patterns quickly12. Therefore, cell isolation and 414 
processing should be carried out as fast as possible. The current protocol reduces the processing 415 
time to 35–45 min from receiving the tissue (euthanizing animal) to preparing single-cell 416 
suspension. 417 
 418 
One alternative modification of this technique is cell preservation for later use. This is achieved 419 
by methanol fixation. Methanol-fixed cell suspension can be stored for up to 1 month at -80 °C, 420 
as described in the protocol21. However, whenever possible, perform scRNA-seq directly, since it 421 
was shown that the single-cell data from methanol-fixed single-cell suspensions might suffer 422 
from increased expression of stress-related genes and contamination with ambient RNA22. This 423 
step might need additional modification according to the manufacturer's protocols. 424 
 425 
Before the first application of this protocol, performing several validation steps are 426 
recommended to test the technique. From our experience, we suggest testing the 427 
aforementioned critical steps of the protocol. Additionally, we suggest testing the effectiveness 428 
of the collagenase P solution and testing the handling of the tissue dissociation step. Specifically, 429 
around the first 5 min after the initiation of collagenase P incubation, the pieces of tissue should 430 
aggregate together. This is a common situation. Aggregates are disintegrated every 3–4 min using 431 
a 1 mL pipette, and with increasing time, they should become smaller until barely visible. 432 
 433 
Furthermore, it is recommended to perform cell counting in a cell counting chamber before 434 
centrifugation and before and after filtering to detect possible cell losses due to suboptimal 435 
supernatant removal. If the final single-cell suspension needs to be purified, FACS can be used. 436 
Cell sorting enables not only to remove debris or dead cells but importantly enables to enrich 437 
final suspension with fluorescently labeled cells13,19. To avoid shear stress or clogging of the cell 438 
sorter, a wide nozzle (85 µm or 100 µm) is used. This will further improve the viability of the 439 
sorted cells. 440 



 

 441 
This technique was designed and tested on both mouse and human teeth. The major limiting 442 
factor is the small number of cells in the reduced dental pulps of the teeth of older mice (molars) 443 
and humans. Suppose a larger number of cells need to be obtained or cells from the teeth of 444 
older patients are to be acquired. One possible solution is to process a higher number of teeth 445 
and merge them into a single batch, subsequently processed as one sample. 446 
 447 
Living cells of human dental pulp were firstly isolated more than twenty years ago using an 448 
enzyme mixture of collagenase I and dispase23. Since then, isolations of dental pulp cells became 449 
widely utilized, and several techniques have been used5–8. The critical significance of the method 450 
presented here is the adaption of all isolation steps to make the isolation fast and gentle to 451 
ensure the high quality of the final cell suspension for scRNA-seq. Higher cell yield can be 452 
obtained by more prolonged incubation with enzymes. This protocol provides an efficient 453 
solution for quickly obtaining single cells from mouse and human teeth of suitable quality for 454 
single-cell RNA-sequencing. This technique is expected to be widely used for other tissues or 455 
organisms with just slight technical modifications. 456 
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Dear Editorial board,  

we are grateful for reading our manuscript and for very constructive comments which helped 

to increase the overall quality of this methodological manuscript. Below you can find answers 

to all your comments addressed one by one.  

Kind regards, 

Jan Krivanek 

 

----------------------------------------------------------------------------------------------------------------- 

Editorial comments: 

Changes to be made by the Author(s): 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 

no spelling or grammar issues. 

We performed proofreading and corrected grammar issues. 

 

2. Please revise the text to avoid the use of any personal pronouns (e.g., "we", "you", "our" 

etc.). 

Now, wherever possible, we modified our text according to this comment. 

 

3. Please ensure that abbreviations are defined at first usage. 

We revised our text and checked used abbreviations.  

 

4. For in-text formatting, corresponding reference numbers should appear as numbered 

superscripts after the appropriate statement(s). 

We changed the format of references according to this comment. 

 

5. 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. 

For example, please remove 10x Genomics from Line 203. All commercial products should be 

sufficiently referenced in the Table of Materials (including reagents, instruments, software, 

etc.). Please sort the Materials Table alphabetically by the name of the material. 

We removed “10x genomics” now and updated the Table of Materials.  

 

6. Please include an ethics statement before all of the numbered protocol steps indicating that 

the protocol follows the animal and human care guidelines of your institution. 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebuttal
letter.docx

https://www.editorialmanager.com/jove/download.aspx?id=1372969&guid=41231ff3-5100-42d2-8979-2d29197e986e&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1372969&guid=41231ff3-5100-42d2-8979-2d29197e986e&scheme=1


We added the following Ethics statement in the very beginning of our protocol in the revised 

version of our manuscript: 

“All animal experiments were performed according to international and local regulations and 

approved by Ministry of education, youth and sports, Czech Republic (MSMT-8360/2019-2; 

MSMT-9231/2020-2; MSMT-272/2020-3).” 

 

7. Please note that your protocol will be used to generate the script for the video and must 

contain everything that you would like shown in the video. Please ensure you answer the “how” 

question, i.e., how is the step performed? Alternatively, add references to published material 

specifying how to perform the protocol action. There should be enough detail in each step to 

supplement the actions seen in the video so that viewers can easily replicate the protocol. 

In the revised version of our manuscript, we added several clarifications and more detailed 

description of the protocol as it is discussed further. 

 

8. Please add more details to your protocol steps: 

Step 1.1: Please specify the age/gender/strain of the mouse used. 

We moved our previous note (bellow point 2.8.4) to step 1.1 and modified it according to this 
comment as follows: 

“To obtain a higher number of cells from mouse molar pulps use younger (6 weeks and less) 

animals. With increasing age the size of dental pulp decreases. The same situation applies to 

human teeth. For the highest yield of cells, we recommend using retained wisdom teeth from 

patients until the age of 25-30. Mouse incisors mostly keep their structure with increasing age 

so animals of various ages can be used for tissue dissection. This protocol was tested with 

both male and female wildtype C57BL/6 and CD-1 mice as well as with genetically modified 

(Cre-loxP combined with various reporter systems) mice on a C57BL/6 background. “ 

 

Step 2.2: Please quantify the cut to be made. 

We updated description of this step as following: 

“... Make a deep cut from each side of the mandible. Firstly, through m. masseter along the 

buccal side of the mandible up to the temporomandibular joint and then along the inner part of 

each half of the mandible through the base of the oral cavity.” 

 

Step 3.9: Please clarify how the cells are counted during centrifugation. 

Now specified: 

“Take 10-20 µl of the filtered cell suspension and count the cells during centrifugation using a 

Bürker chamber.” 

 

9. Please include a one-line space between each protocol step and then then highlight up to 3 

pages of the Protocol (including headings and spacing) that identifies the essential steps of 

the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive 



story of the Protocol. Remember that non-highlighted Protocol steps will remain in the 

manuscript, and therefore will still be available to the reader. 

The formatting of the revised manuscript was changed according to this comment 

 

10. Please ensure that the highlighted steps form a cohesive narrative with a logical flow from 

one highlighted step to the next and should be in line with the Title of the manuscript. Please 

highlight complete sentences (not parts of sentences). Please ensure that the highlighted part 

of the step includes at least one action that is written in imperative tense. 

In the revised version of our manuscript, we highlighted in green steps that should be visualized 

in video. 

 

4. Please modify the Result section to include all the observations and conclusions you can 

derive from the Figures. The Results section should focus on the effectiveness of your 

technique backed up with data. 

In the revised version of our manuscript, we added new figures and created results section 

which now contains a detailed description of figures and representative results.  

 

11. Please include a title and a description of each figure and/or table. All figures and/or tables 

showing data must include measurement definitions, scale bars, and error bars (if applicable). 

Please include all the Figure Legends together at the end of the Representative Results in the 

manuscript text. 

In revised manuscript we changed structure of figures significantly and added their detailed 

description. Each figure now has its title and description.  

 

12. Each Figure Legend should include a title and a short description of the data presented in 

the Figure and relevant symbols. The Discussion of the Figures should be placed in the 

Representative Results. Details of the methodology should not be in the Figure Legends, but 

rather the Protocol. 

In revised manuscript we changed structure of figures significantly and added their detailed 

description. Each figure now has its title and description.  

 

13. Figure 3: Please describe the x and y-axes. 

In the revised version of our manuscript the original figure 3 has been replaced with a different 

figure.  

 

14. As we are a methods journal, please revise the Discussion to explicitly cover the following 

in detail in 3-6 paragraphs with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 



e) Any future applications of the technique 

We revised and completely rewrote the discussion. Now it precisely follows the guidelines. 

 

15. Please ensure that the references appear as the following: [Lastname, F.I., LastName, F.I., 

LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – LastPage (YEAR).] For more 

than 6 authors, list only the first author then et al. Please include volume and issue numbers 

for all references. 

In the revised version of manuscript, we updated the references according to the official JoVE 

style.  

 

16. Please revise the table of the essential supplies, reagents, and equipment. The table 

should include the name, company, and catalog number of all relevant materials in separate 

columns in an xls/xlsx file. Please sort the Materials Table alphabetically by the name of the 

material. 

We revised a table of materials which now contains all used materials. We submit this list in a 

separate .xlsx file.  

 

____________________________________ 

Reviewers' comments: 

Reviewer #1: 

Manuscript Summary: 

The manuscript provides a simple and efficient protocol for the isolation of dental cells for 

downstream single-cell RNA seq analysis. The protocol can be virtually applied to any 

application or study based on single-dental-cells 

 

Major Concerns: 

I do not have major concerns. The manuscript is clear and easy to follow. The protocol is 

relevant for anybody working in the dental research field. 

 

Minor Concerns: 

- I suggest implementing schematic representations of the various steps in the already 

provided timeline. I know that the protocol will be accompanied by a video, but nevertheless, 

a graphical screenshot of the key passages could make the protocol even clearer 

We are grateful for this comment. In revised version we added a schematic representation of 

the protocol which also contains temperatures and expected times for higher clarity.  

 

- A table will all the materials and the solutions needed would be useful. The authors already 

provided a Table of materials, but it does not contain everything (e.g. scalpels, tweezers, 

industrial bench vise...). This would make the use of the protocol more efficient. 



We revised the Table of materials which now contains all the necessary tools. Table containing 

the composition of used solutions has been provided as a supplementary table. We also 

specified the type of bench vise in the main text. 

“NOTE: The composition of the utilized solutions is summarized in Supplementary table 1. “ 

 

“2.8.2 Place the tooth into three thick-walled sterile plastic bags and use a cast iron benchtop 

engineer's vise to crack the tooth. Use vise jaws with a flat surface to avoid penetrating 

the bags.” 

 

 

 

 

 

 

 

----------------------------------------------------------------------------------------------------------------- 

Reviewer #2: 

Manuscript Summary: 

This is an extremely useful protocol for researchers that use the tooth as a model system to 

dissect genetic and molecular gene networks. 

We thank this reviewer for a very positive feedback to our manuscript. 

 

Major Concerns: 

None 

 

 

Minor Concerns: 

None 

 

----------------------------------------------------------------------------------------------------------------- 

Reviewer #3: 

This is an interesting study about the extraction of single-cell suspension from human and 

mouse dental pulp for single-cell sequencing. However, as a research focused on experimental 

method, some detailed points need to be added and modified for publication. 

 

1.Compared with human dental pulp, mouse pulp tissue is extremely small, especially molars. 

In addition, cell loss is often caused in the process of FACS. Therefore, it is very necessary to 

state in the manuscript the approximate number of cells that can be obtained from each mouse 

(molar/incisor). And how many mice are needed in order to get enough cells for 10x genomics 

scRNA-seq (usually 20 000 cells). 



Indeed, this is an important issue which deserves clarification. In the revised version of 

manuscript, we created new results section which now includes quantification of the exemplary 

experiment on mouse incisor. Unfortunately, due to the very short time for revisions (2 weeks) 

we were unable to perform this experiment on mouse molars and human teeth. However, since 

the greatest emphasis of the whole protocol is put on the incisor, we believe that this new result 

section serves as useful proof of concept also for other types of tissue.  

Specifically, we added the following relevant parts of result: 

“... To check the number of live/dead cells in the final suspension the PI (propidium iodide) 

staining was performed (Fig. 2C). The P3 population containing PI- (living) cells was 98.4 % 

out of the parent P2 population and 35.5 % out of the total number of events. The total number 

of filtered out, dead (PI+) cells was 1887.  

The final number of obtained cells without viability staining suitable for RNA-seq (P2) counted 

118 199 cells from two mouse incisor pulps. This means the number of almost 60 000 living 

cells from one mandibular incisor. 

To clarify the number of immune cells in the final single-cell suspension two approaches were 

used. Firstly, the CD45 antibody staining and subsequent FACS analysis were used. As a 

complementary method, the total number of immune cells (CD45+) in scRNA-seq data was 

analysed. FACS analysis showed 14,44 % of CD45+ cells (13.20 % alive and 1.24 % 

dead)(Fig.3A). Analysis of scRNA-seq data showed 10,90 % of CD45-expressing cells 

(Fig.3B). The decrease of CD45+ cells in scRNA-seq data can be caused by additional 

thresholding during scRNA-seq analysis.” 

 

2.In addition, as for the molars of mice are very small, exposing the pulp is a very difficult task 

under naked eye. In the experiment, whether a stereo microscope was used for operation. 

Photos of the procedure for obtaining the pulp of mouse molars should be added. 

We realize that our previous note positioned between 2.5 and 2.6: “NOTE: From this point 
forward work on ice. Further dissection of mouse incisors and molars are performed under a 
stereomicroscope with black background.” might be overlooked. For this reason, we clarified 
and specified now using stereomicroscope in our protocol by modifying of 2.7.3 and adding 
new point 2.7.4: 

“Once the pulp cavity is reached, carefully dissect dental pulp using pair of sharp tip tweezers 

and place the soft tissue of the dental pulp into a droplet of fresh ice-cold HBSS in the middle 

of a 10 cm Petri dish kept on ice. Since mouse molar pulps are extremely small, adapt 

magnification on the stereomicroscope accordingly.” 

Moreover, in revised version we added a schematic graphical representation of whole protocol. 
We feel that photo documentation might be redundant since whole protocol will be 
professionally filmed.  

 

 

3.Regarding mouse and human dental pulp, what is the approximate ratio of immune cells? If 

the proportion of immune cells is too high, is CD45 staining required to exclude immune cells 

in FACS? 

Immune cells were intentionally kept in the analysis. Our previous results show that immune 

system might play an important role in maintaining tissue homeostasis (Krivanek et al., 2020; 

and unpublished data). To address the question about the ratio of immune cells out of all cells 



we provide two types of quantifications in the revised version of our manuscript. Firstly, we 

quantified number of immune cells using CD45 antibody and FACS and then we compared 

this number with the amount of CD45+ immune cells from the scRNA-seq analysis. Data are 

shown now in the Fig. 3 and discussed in results section as following: 

„To clarify the number of immune cells in the final single-cell suspension two approaches were 

used. Firstly, the CD45 antibody staining and subsequent FACS analysis were used. As a 

complementary method, the total number of immune cells (CD45+) in scRNA-seq data was 

analyzed. FACS analysis showed 14,44 % of CD45+ cells (13.20 % alive and 1.24 % dead) 

(Fig.3A). Analysis of scRNA-seq data showed 10,90 % of CD45-expressing cells (Fig.3B). The 

decrease of CD45+ cells in scRNA-seq data can be caused by additional thresholding during 

scRNA-seq analysis.” 

 

4.In the preparation of mouse dental pulp single cell suspension, whether the whole tooth is 

cut and digested together or the dental pulp tissue is digested separately after the dental pulp 

tissue is extracted. 

We are grateful for this comment. Now we added more detailed description for manipulation 

with both mouse incisor and molar tissue as following: 

2.6.4. “Place dissected soft tissue into a droplet of fresh ice-cold HBSS in the middle of a 10 
cm Petri dish. Keep on ice” 

and: 

2.7.4. “Once the pulp cavity is reached, carefully dissect dental pulp using pair of sharp tip 
tweezers and place the soft tissue of the dental pulp into a droplet of fresh ice-cold 
HBSS in the middle of a 10 cm Petri dish kept on ice. Since mouse molar pulps are 
extremely small, adapt magnification on the stereomicroscope accordingly. 

 

5.In the entire manuscript, only three pictures are provided, and none of them can reflect the 

most important or complicated steps in obtaining human or mouse pulp tissue. More detailed 

pictures or videos of experimental operations are suggested to be provided. 

We agree. In revised version we added a schematic graphical representation of whole protocol 

and a figure with representative results (Fig. 1). This will help to follow the protocol much 

easier. Moreover, whole protocol will be professionally filmed and commented after manuscript 

is accepted according to standard JoVE guidelines: https://www.jove.com/authors/publication. 

 

----------------------------------------------------------------------------------------------------------------- 

Reviewer #4: 

Manuscript Summary: 

This manuscript describes a simple method isolate single cells from ECM-rich tissues for 

transcriptomic purposes such as single cell RNAseq. The main attraction of this protocol lies 

in its brevity and simplicity: cell incubation at temperatures higher than 4C are limited to 15-20 

minutes to minimize gene induction in response to cell stress. The overall description is 

appropriate to follow the procedure. However, some validation steps could be included (see 

below) to allow for troubleshooting if necessary. 

https://www.jove.com/authors/publication


 

Major Concerns: 

A critical point of any isolation procedure is the number and representation of cells isolated. 

Can the authors point out how recovery compares to other isolation procedures (recovery 

rate)? Also, do the authors have data on relative representation of cell populations following a 

'standard' isolation versus the isolation method presented in this manuscript? As a user, this 

would be a critical component. I realize that this is a method paper, so documentation does 

not need to be exhaustive, but should at least be supportive. 

In the revised version of manuscript, we added a result section with a detailed description of 

FACS analysis and, importantly, with the quantifications of live/dead cells. This also includes 

the quantification of cell yield on the example of mouse incisor. Finally, we analyzed the ratio 

of immune cells within the cell suspension by FACS analysis and in the final scRNA-seq data. 

These data prove the efficiency of presented protocol. Comparison of different protocols was 

unfortunately beyond the scope of this manuscript and was not possible to be performed within 

a short period given to revise the manuscript (14 days). 

 

Figure legends are missing. While Fig. 1 is largely self-explanatory, Figs. 2 & 3 are not. Please 

describe what you show. 

In the revised version of the manuscript, we changed the structure of figures. We added a 

schematic representation of the protocol which also contains temperatures and expected times 

(from previous Figure 1) for higher clarity. Figure 2 now represents updated sorting strategy 

which emphasize the numbers of different gates and, importantly numbers of dead cells. Figure 

3 was updated and better described. Further we added a figure where we quantified amount 

of immune cells using CD45 antibody by FACS and then the comparison with the amount of 

CD45+ (Ptprc+) immune cells from the scRNA-seq analysis was performed. 

The figure legends were added: 

“Figure 1. Schematic representation of protocol. Different steps, including temperature 

conditions and expected time, for preparation of single-cell suspension from mouse and human 

teeth are represented. 

Figure 2. Example of gating strategy. FSC-A and SSC-A gating was used to produce the P1 

gate which reflects cell population with expected size and granularity and filters out the cell 

and extracellular matrix debris and the majority of oversized events (A). Subsequently, the P1 

population was plotted in FSC-H and FCS-A plot which enabled to filter out cell doublets (B). 

This P2 population was then analyzed for the presence of dead cells by propidium iodide (C). 

Numbers of events/cells per each gate are represented in D. (FSC-A – forward scatter, area; 

SSC-A – side scatter, area; FSC-H – forward scatter, height; PI – propidium iodide) 

Figure 3. Quantification of immune cells. Quantification of immune cells was performed by 

FACS analysis of cells stained with anti-CD45 antibody together with Live/Dead analysis using 

propidium iodide staining (A). Further quantification of immune cells was performed during 

scRNA-seq analysis (B). (CD45-APC – anti-CD45 allophycocyanin conjugated antibody; PI – 

propidium iodide; t-SNE – t-distributed stochastic neighbor embedding” 

  



 

Minor Concerns: 

Isoflurane anesthesia/euthanasia. The open drop method is not approved anymore by all 

animal use and care committees. Maybe you want to provide an alternative (preferred), such 

as the use of an anesthetic machine or pentobarbital (Euthanyl) overdose via i.p. injection. 

Thank you for this valuable comment. Regulations for euthanizing of experimental animals 

indeed significantly vary depending on local regulations. Based on this we changed this 

paragraph as following: 

1.1 “Prepare the experimental animals (mouse) and euthanize them according to the local 
regulations.   

CAUTION: Regulations for humane euthanizing of experimental animals varies locally. Always 
follow valid local regulations.  

'Sacrifice' has a spiritual connotation, better use 'euthanize'. 

Now we fixed this issue and substituted term “sacrifice” by “euthanize” in the whole manuscript. 

 

 

----------------------------------------------------------------------------------------------------------------- 

Reviewer #5: 

Manuscript Summary: 

A critical step in scRNA sequencing of complex tissues is the obtention of single cell 

suspensions of good quality. This manuscript describes a protocol for obtaining such 

suspension from mouse and human teeth (incisors and molars), but could be generalized for 

other mineralized tissues. The protocol is surely of interest and provided with great details, 

which is really good. However, the efficacy of the protocol remains to be demonstrated (see 

below: sections are missing), and quantatitative results are needed to guide readers in 

handling the protocol. 

Major Concerns: 

There is no result section and the figure legends are also missing: is that really wanted or did 

something go wrong in submitting the article/compiling the pdf? To make this protocol fully 

useful to readers, we need some quantitative results, which will allow the reader to evaluate if 

he performs well with the protocol. For example, how much cells were obtained for each type 

of tooth? What were the respective proportions of debris, dead cells and viable cells? Later 

after sequencing, how were the quality controls for the different type of experiments (e.g. give 

medians, on top of showing fig3. Precise if the experiment shown in Fig3 results from cell 

sorting or direct sequencing of the cell suspension, if possible show different type of results, 

with and without facs cell sorting). 

In the revised version of manuscript, we added a result section with a detailed description of 

FACS analysis and, importantly, with the quantifications of debris, doublets and live/dead cells. 

This also includes the quantification of cell yield on the example of mouse incisor as described 

in results: 

“The prepared single-cell suspension was analyzed and sorted using FACS (Fig. 2). Firstly, 

the FSC-A (forward scatter, area) and SSC-A (side scatter, area) plotting was applied, and an 

appropriate gating strategy was used to select a population with expected size and granularity 



to filter our cell debris and cell doublets or aggregates (Fig 2A). This selected population (P1) 

counting 38 % of all events was further used and FSC-A and FSC-H (forward scatter, height) 

parameters were applied to remove the remaining cell doublets (Fig. 2B). The population 

without cell doublets (P2) counting 95 % of P1 can be subsequently used for scRNA-seq. 

Alternatively, additional gating can be used to select the population of interest (e.g., expression 

of fluorescent proteins or live/dead staining). To check the number of live/dead cells in the final 

suspension the PI (propidium iodide) staining was performed (Fig. 2C). The P3 population 

containing PI- (living) cells was 98.4 % out of the parent P2 population and 35.5 % out of the 

total number of events. The total number of filtered out, dead (PI+) cells was 1887.” 

Previous figure 3 was removed from the revised manuscript since it was previously described 

in our recent paper (Krivanek et al., 2020, Supplementary Figure 1b,c) and was not relevant 

to the remaining parts of the manuscript which are focused purely on the isolation protocol and 

not the scRNA-seq itself. This figure was substituted by the quantification of immune cells 

using CD45 antibody by FACS and then the comparison with the amount of CD45+ immune 

cells from the scRNA-seq analysis was performed: 

“To clarify the number of immune cells in the final single-cell suspension two approaches were 

used. Firstly, the CD45 antibody staining and subsequent FACS analysis were used. As a 

complementary method, the total number of immune cells (CD45+) in scRNA-seq data was 

analyzed. FACS analysis showed 14,44 % of CD45+ cells (13.20 % alive and 1.24 % dead) 

(Fig.3A). Analysis of scRNA-seq data showed 10,90 % of CD45-expressing cells (Fig.3B). The 

decrease of CD45+ cells in scRNA-seq data can be caused by additional thresholding during 

scRNA-seq analysis.” 

These data prove the efficiency of presented protocol. All our previous scRNA-seq 

experiments were performed after FACS, thus, unfortunately we are unable to compare these 

results with data without FACS sorting. Comparison of different protocols was unfortunately 

beyond the scope of this manuscript and was not possible to be performed within a short period 

given to revise the manuscript (14 days). 

 

The authors made a number of choices based on litterature (e.g. keep cells at 4°C), but they 

do not show that these choices indeed give better results. If they did not perform comparisons 

of different experimental settings, they could at least show that stress genes are poorly 

activated with their protocol, compare different measures of scRNAseq quality with the range 

obtained for other complex tissues. 

We understand the raised concerns. Indeed, many our choices were based on the previous 
findings. As an example, the temperature during the procedure and overall time needed to 
isolate single cells have been shown to be critical. In our protocol we utilized this knowledge 
and minimized these critical factors. We carefully considered the possibility of comparing 
scRNA-seq data obtained using our protocol to other datasets obtained from different complex 
tissues utilizing different protocols. However, the comparison will not provide any 
representative results as these datasets differ in several key variables (type of tissue, source 
of the tissue, isolation protocol, scRNA-seq platform or handling differences). Therefore, these 
datasets are incomparable. 

In the revised manuscript we added more relevant references which focus to the isolations of 
single cells out of various tissues:  

 
„ These usually include trypsin, collagenases, dispases, papain 1–4 or other, commercially 

available enzyme mixtures like Accutase, Tryple etc. 5. The most critical part, affecting the 



transcriptome quality, is the enzymatic digestion. It was shown that prolonged incubation with 

enzymes at 37 °C influences the gene expression and causes the upregulation of many stress-

related genes 6–9. The other critical parameter of the isolation process is its overall length as it 

has been shown that cell transcriptomes undergo changes after the death of the individual 10. 

Taken these two together, we developed an efficient protocol for gentle isolation of single cells 

from murine and human teeth which is faster than other, previously utilized protocols for 

isolation of cells from complex tissues 1, 4, 5, 7, 9, 11, 12.” 

 

Serum was added to washing medium. Can the authors discuss this choice? Is this based on 

litterature evidence that serum improves results and does not induce a transcriptional response 

in cells? 

In revised version of manuscript, we added reasoning of using FBS as following:  

“NOTE: Collagenase P is activated by Calcium, whose amount is already sufficient in the 

lyophilized powder. Therefore, it is unnecessary to enrich the enzyme mix with calcium. 

Collagenase P is not inactivated by FBS but can be inactivated by chelating agents (e.g., 

Ethylenediaminetetraacetic - EDTA). Stopping the dissociation process is ensured by diluting 

the Collagenase P in Wash solution (2% FBS in HBSS). It has been shown that adding FBS 

increases cell viability and also the final number of cells after sorting13.” 

 

Minor Concerns: 

Weird sentence: 

For this purpose, an endogenously labelled cells are much more suitable 

This sentence was removed in the updated manuscript.  
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Supplemental table 1 
 

Wash solution – 50 ml 

Component Volume Manufacturer Cat. number 

FBS 1 ml Biosera FB-1101/500 
HBSS 49 ml SIGMA H6648 

 
Digestion solution – 2.5 ml 

Component Volume/amount Manufacturer Cat. number 

Collagenase P 7.5 U Roche 11213857001 
HBSS 2.5 ml SIGMA H6648 

 
Storing solution – 10 ml 

Component Volume/weight Manufacturer Cat. number 

BSA 4 mg Roche 10735078001 
HBSS 10 ml SIGMA H6648 
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