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SUMMARY: 37 
Experimental methods to harvest adult stem cells from canine intestinal and hepatic tissues to 38 
establish 3D organoid cultures are described. Furthermore, the laboratory techniques to ensure 39 
consistent growth and provide standard operating procedures to harvest, biobank, and revive 40 
canine intestinal and hepatic organoid cultures are discussed. 41 
 42 
ABSTRACT: 43 
Dogs develop complex multifactorial diseases analogous to humans, including inflammatory 44 
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diseases, metabolic diseases, and cancer. Therefore, they represent relevant large animal models 45 
with the translational potential to human medicine. Organoids are 3-dimensional (3D), self-46 
assembled structures derived from stem cells that mimic the microanatomy and physiology of 47 
their organ of origin. These translational in vitro models can be used for drug permeability and 48 
discovery applications, toxicology assessment, and to provide a mechanistic understanding of the 49 
pathophysiology of multifactorial chronic diseases. Furthermore, canine organoids can enhance 50 
the lives of companion dogs, providing input in various areas of veterinary research and 51 
facilitating personalized treatment applications in veterinary medicine. A small group of donors 52 
can create a biobank of organoid samples, reducing the need for continuous tissue harvesting, as 53 
organoid cell lines can be sub-cultured indefinitely. Herein, three protocols that focus on the 54 
culture of intestinal and hepatic canine organoids derived from adult stem cells are presented. 55 
The Canine Organoid Isolation Protocol outlines methods to process tissue and embedding of the 56 
cell isolate in a supportive matrix (solubilized extracellular membrane matrix). The Canine 57 
Organoid Maintenance Protocol describes organoid growth and maintenance, including cleaning 58 
and passaging along with appropriate timing for expansion. The Organoid Harvesting and 59 
Biobanking Protocol describes ways to extract, freeze, and preserve organoids for further 60 
analysis. 61 
 62 
INTRODUCTION: 63 
Rodents are the most commonly utilized animal model for biomedical and translational 64 
research1. They are exceptionally useful for investigating basic molecular pathogenesis of the 65 
diseases, although their clinical relevance for chronic multifactorial diseases has recently been 66 
questioned2. The canine model exhibits several advantages in comparison to rodents3,4. Dogs and 67 
humans share similarities in metabolomics and intestinal microbiome that developed due to 68 
consumption of human diet throughout various periods of their domestication5–7. Similarities 69 
between canine and human gastrointestinal anatomy and physiology is another of the examples8. 70 
 71 
Additionally, dogs often share similar environments and lifestyles with their owners9. The longer 72 
lifespan of dogs in comparison to rodents allows for the natural development of numerous 73 
chronic conditions10. Inflammatory bowel disease or metabolic syndrome are examples of 74 
multifactorial chronic diseases that share important similarities between humans and dogs11,12. 75 
Canine preclinical trials that involve dogs with naturally occurring diseases can generate more 76 
reliable data than those gained from rodent models13. However, to minimize the use of live 77 
animal research and comply with the principles of the 3Rs (Reduce, Refine, Replace)14, 78 
alternatives to in vivo testing using 3D in vitro canine organoids have emerged15. 79 
 80 
Organoids are self-assembled 3D stem cell-derived structures that recapitulate the physiology 81 
and microanatomy of their original organs16,17. This technology was first described by Sato et al. 82 
in 200917 and allowed for more translatable in vitro studies in epithelial cell lines than were 83 
previously possible using 2D cancer cell cultures18–20. Organoids are useful in vitro models in many 84 
biomedical disciplines such as in preclinical toxicological21–23, absorption24–28, or metabolism 85 
studies, as well as in personalized medical approaches29–31. The successful culture of canine 86 
intestinal organoids has been described for the first time in 201912, while hepatic organoids 87 
derived from a dog were first reported by Nantasanti et al. in 201532. Canine organoids have since 88 



 

been successfully used in studies investigating canine chronic enteropathies, gastrointestinal 89 
stromal tumors, colorectal adenocarcinoma12, and Wilson’s Disease33,34. 90 
 91 
While adult stem cells can be harvested via necropsies, the organoid technology does not always 92 
require sacrificing of the animals. Endoscopic and laparoscopic biopsies, or even fine-needle 93 
aspirates of organs35, are a viable source of adult stem cells for epithelial organoid isolation12. 94 
Widespread use of such non-invasive techniques in veterinary practice facilitates options for 95 
reverse translational research (translation of information from veterinary clinical practice to 96 
human clinical practice and vice versa)15. Further advancement of organoid technology can be 97 
ensured by the standardization of organoid culture and maintenance methods. The organoid 98 
protocol presented here is partially based on previously published work of Saxena et al. from 99 
201536, and methods were adapted to fit specifics of canine intestinal and hepatic organoid 100 
culture. The overall workflow of the canine organoid protocols is depicted in Figure 1. 101 
 102 
Canine Organoid Isolation Protocol introduces methods of obtaining samples from endoscopic, 103 
laparoscopic, and surgical biopsies, as well as necropsies. It outlines the initial pre-treatment of 104 
tissue samples and methodologies used for transport to the laboratory. Materials and reagents 105 
needed for organoid isolation are summarized in the ‘Preparation for Isolation’ section. The 106 
process of adult stem cell isolation from tissue samples is further described in detail. Finally, the 107 
process of plating organoids into dome-like structures using a solubilized extracellular membrane 108 
matrix is discussed. 109 
 110 
The second protocol, Canine Organoid Maintenance Protocol, describes methods of 111 
documenting and culturing organoids. Media changes and their frequency are discussed in this 112 
section. Furthermore, the laboratory procedures such as passaging and cleaning the cell cultures, 113 
which are essential to ensure the successful maintenance of 3D canine organoids, are described. 114 
Appropriate passaging is a critical step of the protocol, and possible adjustments and 115 
troubleshooting of this step are discussed further in the manuscript. 116 
 117 
The last protocol is Canine Organoid Harvesting and Biobanking Protocol containing methods for 118 
preparing full-grown organoids for paraffin-embedding and RNA preservation. Methods of 119 
biobanking organoid samples in liquid nitrogen storage are also described here. Finally, the ways 120 
to thaw frozen samples and support their growth are discussed. 121 
 122 
In conclusion, this article aims to provide consistent canine organoid culture procedures through 123 
the standardization of inter-laboratory protocols. In doing so, the manuscript aims to facilitate 124 
the reproducibility of data derived from canine organoid models to increase their relevance in 125 
translational biomedical research. 126 
 127 
[Insert Figure 1 here] 128 
 129 
PROTOCOLS: 130 
The research was approved and performed in compliance with the Institutional Animal Care and 131 
Use Committee of Iowa State University (IACUC-19-337; IACUC-18-065; IACUC-19-017). 132 



 

 133 
NOTE: The following section (steps 1–3) describes the Canine Organoid Isolation Protocol. 134 
 135 
1. Preparation for isolation 136 
 137 
1.1. Transport tubes: Before organoid isolation (typically 24 h prior), fill a 50 mL conical tube with 138 
10 mL of Dulbecco's Modified Eagle Medium/Nutrient Mixture F-12 (Advanced DMEM/F12) 139 
enriched with 0.2 mL of Pen Strep. 140 
 141 
1.2. For laparoscopic, incisional, or excisional biopsies, prepare three additional 50 mL conical 142 
tubes. Fill these tubes with 10 mL of complete chelating solution (1x CCS; see Table 1). 143 
 144 
NOTE: For step 1.2, 2 mM N-Acetylcysteine (NAC) in Phosphate Buffered Saline (PBS) can also be 145 
used as a traditional solution used for stem cell harvesting. There were no differences observed 146 
when using 1x CCS or NAC in PBS. Both solutions are added to release cells in the solution. 147 
 148 
1.3. Keep the tubes at 4 °C overnight and transport the tubes on ice for the remainder of the 149 
protocol. 150 
 151 
1.4. Prepare five 15 mL centrifuge tubes with 5 mL of 1x CCS, one 15 mL centrifuge tube with 3 152 
mL of 1x CCS, one empty 15 mL centrifuge tube (supernatant tube), and one 15 mL centrifuge 153 
tube with 5 mL of 1x CCS and 2 mL of fetal bovine serum (FBS). 154 
 155 
NOTE: The above can be prepared prior to the day of isolation if multiple samples will be 156 
processed. For illustration, see the isolation tube layout in Figure 2. 157 
 158 
1.5. On the day of isolation, prepare a Petri dish, scalpel, ice bucket, and cold Advanced 159 
DMEM/F12 in the biosafety cabinet. Place the required number of 24-well cell culture plates in 160 
the incubator (37 °C; 5% CO2 atmosphere) to pre-warm. 161 
 162 
1.6. Place solubilized extracellular membrane matrix (ECM; see Table of Materials) on ice to 163 
begin thawing. 164 
 165 
NOTE: Submersion in ice protects against rapid thawing and helps avoid solidification. A box of 166 
pipette tips can be placed in the freezer to assist in plating the solubilized ECM. 167 
 168 
1.7. Prechill a centrifuge to 4 °C. 169 
 170 
1.8. Move Complete media with growth factors “CMGF+” or “organoid media” (see Table 1 for 171 
composition) from the freezer/refrigerator to a 37 °C water bath. Avoid direct light exposure 172 
when possible. 173 
 174 
[Insert Figure 2 here] 175 
 176 



 

2. Tissue harvesting 177 
 178 
2.1. Intestinal endoscopic, and laparoscopic biopsies (diameter 2.8 mm) can be acquired using 179 
large biopsy forceps. Harvest at least eight endoscopic samples per intestinal site. 180 
 181 
2.2. Collect samples directly into transport tubes and place them on ice. 182 
 183 
2.3. For surgical biopsies and necropsies, harvest tissue pieces with a size of 0.5 cm x 0.5 cm and 184 
place them in the first 1x CCS tube. 185 
 186 
NOTE: For intestinal biopsies, remove any remaining intestinal content and scrape the mucosal 187 
layer with a scalpel to remove villi. If samples are plentiful, additional biopsies can be collected 188 
in cryovials containing RNA storage reagent (1 mL) or paraffin-embedded for future comparison 189 
between organoids and their tissue of origin. In the case of taking biopsies for TEM analysis, do 190 
not scrape the villi and store sample in preservative (3% paraformaldehyde and 3% 191 
glutaraldehyde in phosphate-buffered saline (PBS)) and store at 4 °C. 192 
 193 
2.4. Shake the 1x CCS tube vigorously for ~30 s, and then transfer the sample to a new 1x CCS 194 
tube using forceps. Repeat this process twice. 195 
 196 
2.5. Transfer the sample from the last 1x CCS tube to the transport tube (Advanced DMEM/F12 197 
+ Pen Strep) and bring the sample back to the laboratory. 198 
 199 
NOTE: Samples pre-treated this way can also be shipped overnight on ice (do not ship on dry ice). 200 
 201 
3. Organoid isolation 202 
 203 
NOTE: Perform isolation using aseptic techniques in a biosafety cabinet. See Figure 3 for canine 204 
organoid isolation workflow. 205 
 206 
3.1. Shake tissue sample in the transport tube for ~30 s and remove excessive supernatant until 207 
there is 0.5 mL left in the tube by slow pipetting near the fluid surface. Be sure not to discard any 208 
tissue. 209 
 210 
3.2. Transfer tissue and remaining supernatant to a sterile Petri dish. Using a disposable scalpel 211 
(or sterilized forceps and scissors), cut and mince the tissue into smaller pieces (size of 1 mm2) 212 
resembling a mash consistency for approximately 5 min. 213 
 214 
3.3. Pipet the minced tissue with liquid from the Petri dish to the first CCS tube. Add 2 mL of 215 
Advanced DMEM/F12 to the Petri dish, flush the remaining tissue, and transfer to the first CCS 216 
tube. 217 
 218 



 

3.4. Vortex the 1x CCS tube for 5 s approximately five times. Allow biopsies to settle to the bottom 219 
of the 15 mL tube (approximately 1 min) and remove the supernatant until there is 5 mL left in 220 
the tube. Transfer the 1x CCS from the new tube to the sample tube. 221 
 222 
3.5. Repeat the previous step for the next two tubes. On the final two washes, remove the 223 
supernatant down to 3 mL remaining in the tube. 224 
 225 
3.6. Transfer the biopsies and 1x CCS from the sample tube to one well of a 6-well plate. Then, 226 
add 3 mL of 1x CCS to the sample tube, gently swirl to collect any remaining tissue, and transfer 227 
to the same well of the plate. 228 
 229 
3.7. Add 150 µL of 0.5 M EDTA (to achieve a total volume of 6.15 mL in a well). Place the 6-well 230 
plate on a 20°, 24-rpm nutating mixer/rocker at 4 °C. Incubate the liver samples for 10 min and 231 
the intestinal samples for 1 h on the moving rocker. 232 
 233 
3.8. Transport the 6-well plate back to the biosafety cabinet. Transfer minced tissue and liquid to 234 
a 1x CCS/FBS tube and allow the tissues to settle. Transport the supernatant (this portion now 235 
includes free stem cells) and approximately 0.2 mL of the upper portion of the tissue to the empty 236 
tube. 237 
 238 
3.9. Spin down the tube containing the sample (700 x g for 5 min at 4 °C). Stem cells are now 239 
pelleted along with the minced tissue. Remove and discard the supernatant carefully to not 240 
disturb the pellet. 241 
 242 
3.10. Resuspend the pellet in Advanced DMEM/F12 and spin the tube again (700 x g for 5 min at 243 
4 °C). Aspirate the supernatant and do not disturb the pellet. 244 
 245 
3.11. Calculate the volume of solubilized ECM needed for seeding the dissociated cells and tissue. 246 
Use 30 µL of solubilized ECM per well of a 24-well plate to achieve proper seeding density. Embed 247 
a sample post isolation in 4 to 6 wells of a 24-well plate (i.e., based on the amount of minced 248 
tissue in the sample). 249 
 250 
3.11.1 Add the calculated volume of solubilized ECM to the sample tube and slowly pipette up 251 
and down to avoid the formation of bubbles. Seed the suspension in the middle of the wells so 252 
that the solubilized ECM can form a dome-like structure. 253 
 254 
NOTE: Using pipette tips from a -20 °C freezer assists in plating solubilized ECM. If tissue chunks 255 
are larger than the P200 pipette tip, use wide cold tips or cut cold P1000 tips to assist in plating. 256 
Keep the sample with the solubilized ECM on ice whenever possible. 257 
 258 
3.12. Transport the plate to an incubator (37 °C; 5% CO2 atmosphere) and allow the solubilized 259 
ECM to solidify for ~30 min. 260 
 261 



 

3.13. Mix ROCK inhibitor and GSK3β in CMGF+ (concentrations in Table 1). Add 500 µL of this 262 
solution (CMGF+ R/G) to every well. Place the plate in the incubator (37 °C; 5% CO2 atmosphere). 263 
 264 
[Insert Figure 3 here] 265 
  266 
NOTE: The following section (steps 4 and 5) describes the Canine Organoid Maintenance 267 
Protocol. Change media according to Table 2 and check the organoids daily for signs of apoptosis, 268 
contamination, overcrowding, and detachment of solubilized ECM. Daily notes must be taken 269 
according to Figure 4 to accurately monitor conditions and experimental effects on the cultures. 270 
See Supplementary Table 1 for a template allowing for accurate and reproducible organoid 271 
culture-related notetaking. For hepatic organoids, use CMGF+ enhanced with ROCK inhibitor and 272 
GSK3β. 273 
 274 
[Insert Figure 4 here] 275 
 276 
[Insert Table 2 here] 277 
 278 
4. Organoid cleaning 279 
 280 
NOTE: Organoid cleaning or passaging must be performed regularly to upkeep the health of the 281 
organoid culture. Perform the cleaning procedure whenever apoptosis in the culture, presence 282 
of debris, overcrowding of the organoids, or detachment of solubilized ECM is noticed. Refer to 283 
Figure 4D. 284 
 285 
4.1. Remove the media from the wells while tilting the plate to avoid destruction of the 286 
solubilized ECM. 287 
 288 
NOTE: If solubilized ECM detachment is considerable, it is advised to transfer the media to the 15 289 
mL tube to avoid losing fragments of solubilized ECM containing the sample. 290 
 291 
4.2. Add 0.5 mL of prechilled Advanced DMEM/F12 to each well to dissolve the matrix domes by 292 
repeated pipetting using a P1000 tip (avoid creating excessive bubbles). Transfer the organoid-293 
containing dissolved matrix to a 15 mL centrifuge tube. Keep the tube on ice and if the volume is 294 
lower than 6 mL, slowly fill the tube with Advanced DMEM/F12 to reach a total volume of 6 mL. 295 
 296 
4.3. Spin the tube (700 x g for 5 min at 4 °C) and remove all the supernatant while making sure 297 
not to disturb the pellet. 298 
 299 
4.4. Add the required volume of solubilized ECM (30 μL per well to achieve proper seeding 300 
density) and slowly resuspend the pellet by pipette mixing. Plate the suspension in the middle of 301 
the 24-well plate to form a dome. 302 
 303 
4.5. Place the plate in an incubator (37 °C; 5% CO2 atmosphere) for ~30 min, and then add the 304 
appropriate volume of media (Table 2). 305 



 

 306 
5. Organoid passaging 307 
 308 
NOTE: Passaging is typically performed 5–7 days after initial culture to expand the organoid cell 309 
line. Organoid cultures can typically be expanded in a 1:3 ratio. Images of healthy cultures ready 310 
for passage can be seen in Figure 4. Organoids have to be at least medium in size. 311 
 312 
5.1. Perform steps 4.1 to 4.3. 313 
 314 
5.2. Remove the supernatant leaving 0.5 mL in the tube. Make sure not to disturb the pellet. 315 
 316 
5.3. Add 0.5 mL of trypsin-like protease (see Table of Materials), mix properly by aspirating with 317 
a pipette and incubate in the 37 °C water bath (incubate intestinal organoids for 8 min or hepatic 318 
organoids for 10 min). Continue to mix the solution by flicking the tube several times at the half-319 
time point of the incubation. 320 
 321 
5.4. Move the tube containing the sample back to a biosafety cabinet and slowly add 6 mL of 322 
prechilled Advanced DMEM/F12 to inactivate trypsin-like protease and stop the dissociation of 323 
the cells. 324 
 325 
5.5. Spin the tube (700 x g for 5 min at 4 °C) and remove the supernatant. Make sure not to 326 
disturb the pellet. 327 
 328 
5.6. Perform steps 4.4. and 4.5. 329 
 330 
NOTE: The following section (steps 6–9) describes Organoid Harvesting and Biobanking Protocol. 331 
Organoid cultures have to be free of tissue that has been removed during previous passages. 332 
Cultures should also be healthy, at least large in size, and medium to high in density. Images of 333 
healthy cultures ready for downstream applications can be seen in Figure 4. Moving downstream 334 
with preservation and harvesting of sub-optimal organoid cultures can negatively impact 335 
characterization results and the biobank’s viability. Review the recommended 24-well plate 336 
layout in Figure 5. 337 
 338 
[Insert Figure 5 here] 339 
 340 
6. Fixation of organoids 341 
 342 
6.1. Remove media from the well and make sure not to disturb the solubilized ECM dome. 343 
 344 
6.2. Add 500 μL of Formalin-Acetic Acid-Alcohol solution serving as a fixative (FAA; composition 345 
in Table 1). 346 
 347 
6.3. Store organoids at room temperature. After 24 h, aspirate FAA and fill the well with 70% 348 
ethanol. Wrap plates with a laboratory flexible film tape (see Table of Materials) to avoid rapid 349 



 

evaporation. The organoids are now ready for paraffin-embedding. The paraffin-embedding of 350 
the organoid culture is performed in traditional metal base molds. 351 
 352 
7. RNA preservation 353 
 354 
7.1. Remove media from the wells and make sure not to disturb the solubilized ECM dome. 355 
 356 
7.2. Use 0.5 mL of prechilled Advanced DMEM/F12 per well to dissolve solubilized ECM domes 357 
by repeatedly pipetting up and down (avoid creating excessive bubbles). Transfer the organoids 358 
to a 15 mL centrifuge tube. Keep the tube on ice and if the volume is lower than 6 mL, slowly fill 359 
the tube with Advanced DMEM/F12 to reach 6 mL of total volume. 360 
 361 
7.3. Spin the tube (700 x g for 5 min at 4 °C) and remove all the supernatant. Make sure not to 362 
disturb the pellet. 363 
 364 
7.4. Add 100 μL of PBS to the sample tube and resuspend the pellet by gentle pipetting. Transfer 365 
the contents of the sample tube to a cryovial. 366 
 367 
7.5. Add 900 μL of RNA storage reagent (see Table of Materials) to the sample tube and mix to 368 
collect any remaining organoids. Transfer these residual organoids to the cryovial and store them 369 
at -80 °C (typically four wells pooled to one cryovial will be sufficient for downstream 370 
applications, including qPCR and RNA sequencing). 371 
 372 
NOTE: One cryovial typically produces a total of 4,000 ng of RNA (measured via 373 
spectrophotometer analysis). 374 
 375 
8. Organoid biobanking 376 
 377 
NOTE: Biobanking usually occurs 3–4 days after passage. The signs of apoptosis should not be 378 
present in the culture to perform this method. Refer to Figure 4 for referencing size and density 379 
appropriate for freezing. Biobank medium to extra-large organoids at medium to very high 380 
densities. An emergency freeze step can be followed if an organoid cell line is especially rare or 381 
further viability is not guaranteed. Follow the same steps for normal organoid biobanking (steps 382 
8.1 to 8.4). Emergency freezing is done with smaller and less dense cultures. Pool as many wells 383 
of growing organoids into one cryovial following steps 8.1 to 8.4. Keep in mind that a sufficient 384 
number of organoids must be kept alive in an attempt to expand the culture (emergency freezing 385 
is simply a backup procedure to protect against possible loss of culture via contamination or other 386 
unexpected occurrences). 387 
 388 
8.1. Follow steps 7.1 to 7.3. 389 
 390 
8.2. Add 1 mL of freezing media per cryovial (composition in Table 1) to the sample tube and 391 
gently resuspend the pellet by pipetting up and down. 392 
 393 



 

8.3. Transfer 1 mL of the solution to one cryovial (ratio of two wells/cryovial) and keep the 394 
cryovials on ice. 395 
 396 
8.4. Transfer the cryovials from ice to a freezing container (regularly refill the reservoir with 397 
isopropanol) and immediately transfer to -80 °C. Move the samples to liquid nitrogen (-196 °C) 398 
for long-term storage after 24 h. 399 
 400 
NOTE: An alcohol-free cell freezing container can also be used instead of a traditional one. Make 401 
sure the samples do not thaw during transport from the -80 °C to the long-term liquid nitrogen 402 
storage. Repeated thawing decreases the viability of the cell culture. 403 
 404 
9. Revival from liquid nitrogen storage 405 
 406 
NOTE: When choosing to thaw an organoid line, a subset of the revived organoids must be 407 
refrozen and replaced in the biobank as quickly as possible with at least one (preferably more) 408 
cryovials. 409 
 410 
9.1. Place solubilized ECM on ice to slowly thaw, put a 24-well plate in the incubator (37 °C; 5% 411 
CO2 atmosphere), and prepare the required reagents such as a 15 mL tube and Advanced 412 
DMEM/F12. 413 
 414 
9.2. Recover a cryovial containing an organoid sample from liquid nitrogen storage and 415 
immediately transfer it to a heat bath (37 °C) for 2 min. 416 
 417 
9.3. Transfer contents of the cryovial to a 15 mL centrifuge tube in a biosafety cabinet. Slowly 418 
add prechilled Advanced DMEM/F12 to reach a total volume of 6 mL. 419 
 420 
9.4. Spin the tube (700 x g for 5 min at 4 °C). Remove the supernatant and make sure not to 421 
disturb the pellet. 422 
 423 
9.5. Add 180 μL (30 μL per well) of solubilized ECM to the pellet and plate this suspension in the 424 
pre-heated 24-well plate. One cryovial can be plated to six wells of a 24-well plate. 425 
 426 
9.6. Place the 24-well plate in the incubator (37 °C; 5% CO2 atmosphere) for ~30 min and add 427 
CMGF+ R/G (for intestinal organoids, switch to CMGF+ in 24 to 48 h). 428 
 429 
NOTE: When a sample is plated and growing in the 24-well plate, it must be allowed to recover 430 
for at least 2 days before passaging to increase viability. 431 
 432 
REPRESENTATIVE RESULTS: 433 
The canine organoid protocol typically generates ~50,000 to ~150,000 intestinal or hepatic cells 434 
per well of a 24-well plate. Representative organoids can be seen in Figure 6. 435 
 436 
[Insert Figure 6] 437 



 

 438 
Enteroids and colonoids derived using this protocol were characterized previously by Chandra et 439 
al. in 201912. Canine intestinal organoids are composed of a regular cellular population of the 440 
intestinal epithelium. Using RNA in situ hybridization, the expression of stem cell biomarkers 441 
(Leucine-Rich Repeat Containing G Protein-Coupled Receptor 5 - LGR5 and SRY-Box Transcription 442 
Factor 9 - SOX9), Paneth Cell Biomarker (Ephrin type-B receptor 2 - EPHB2), absorptive epithelial 443 
cell markers (Alkaline phosphatase - ALP) and enteroendocrine marker (Neurogenin-3 - Neuro 444 
G3)12 was confirmed. Alcian Blue staining was performed on paraffin-embedded slides to confirm 445 
the presence of Goblet cells. Additionally, functional assays such as optical metabolic imaging 446 
(OMI) or cystic fibrosis transmembrane conductance regulator (CFTR) swelling assay were 447 
performed to confirm the metabolic activity of the organoids. Canine organoids from dogs 448 
diagnosed with inflammatory bowel disease, gastrointestinal stromal tumors (GIST), or colorectal 449 
adenocarcinoma were also isolated using this protocol12. 450 
 451 
After stem cell isolation, hepatic canine organoids start their life cycle as expanding spheroids, 452 
and after ~7 days, they turn into budding and differentiating organoids. Canine hepatic spheroids 453 
isolated and cultured according to this protocol were measured to quantify their growth and 454 
determine the ideal time for passage. Spheroids derived from laparoscopic hepatic biopsies of 455 
healthy adult dogs (n = 7) were measured during their first 7 days of culture. Representative 456 
images were taken, and the longitudinal (a) and diagonal (b) radius of the spheroids (n = 845) was 457 
measured throughout the culture. The volume (V), surface area (P), 2D ellipse area (A), and 458 
circumference (C) of the spheroids were calculated. The calculations and results of the 459 
experiment are summarized in Figure 7. 2D ellipse area and circumference were used to assess 460 
the organoid culture’s health using light microscopy. These values can serve as a guide for culture 461 
maintenance decisions. 462 
 463 
Briefly, spheroids rapidly expanded in volume, surface area, 2D ellipse area, and circumference. 464 
The measurement data from the seven beagles was averaged for the following calculations. The 465 
volume increased by 479% (±6%) from day 2 to 3. At the same timepoint, spheroid surface area 466 
and 2D ellipse area increased by 211% (±208%) and 209% (±198%), respectively. 2D ellipse 467 
circumference increased from day 2 to 3 by 73% (±57%). The increase in the overall volume of 468 
hepatic organoids from days 2–7 was more than 365 times, surface area and 2D ellipse area 469 
increased 49 times, and 2D ellipse circumference increased six times. 470 
 471 
Next, spheroids derived from two adult canine samples were further grown post passage and 472 
collected every day (day 2–7) for RNA in situ hybridization (RNA ISH). Canine probes were 473 
designed (probe list is provided as Supplementary Table 2), and mRNA expression was evaluated 474 
for stem cell markers (LGR5), markers specific for cholangiocytes (cytokeratin 7 - KRT-7, and 475 
aquaporin 1 – AQP1), as well as hepatocyte markers (forkhead box protein A1 - FOXA1; and 476 
cytochrome P450 3A12 - CYP3A12). The expression of the markers was assessed in a semi-477 
quantitative manner (representative pictures in Figure 8). Spheroids preferentially expressed the 478 
cholangiocyte marker KRT-7 ranging from 1% to 26% in signal area/total area of cells. AQP1 was 479 
not expressed in the organoid samples, arguably because its presence in canine hepatic samples 480 
is sparse. The stem cell marker expression (LGR5) ranged between 0.17% to 0.78%, while 481 



 

hepatocyte markers were expressed to a lower extent at 0.05%–0.34% for FOXA1 and 0.03%–482 
0.28% for CYP3A12. 483 
 484 
[Insert Figure 7 here] 485 
 486 
Organoids would rarely not break up during the passaging process following this standardized 487 
technique. If dissociation does not occur, passage times can be adjusted to achieve optimal cell 488 
cluster disintegration. However, prolonged exposure to trypsin-like protease can negatively 489 
impact the growth of the organoids. Hepatic organoids were used in a subsequent experiment to 490 
investigate the optimal dissociation time and establish a proper passaging method. Briefly, 491 
hepatic organoids from two healthy dogs (6 well replicates each) were passaged with trypsin-like 492 
protease for 12 min and 24 min. Samples were agitated every 6 min. At the end of the dissociation 493 
timepoint, 6 mL of ice-cold Advanced DMEM/F12 was added to the solution, and samples were 494 
spun (700 x g for 5 min at 4 °C). The supernatant (Advanced DMEM/F12 with diluted trypsin-like 495 
protease) was removed, and the pellets were embedded in solubilized ECM as described above 496 
(steps 4.4–4.5). After 12 h of culture in solubilized ECM and CMGF+ R/G, differences were 497 
observed in both samples. A 12 min incubation with trypsin-like protease did not inhibit organoid 498 
growth. However, the growth of organoids was negatively impacted (see Figure 9) using a 24 min 499 
incubation. 500 
 501 
[Insert Figure 9 here] 502 
 503 
Next, the investigation into the survivability of canine hepatic organoids derived from this 504 
protocol in an unfavorable environment (deprivation of structural support and nutrition) was 505 
performed. The investigation focused on determining the volume of organoid media and 506 
basement matrix needed for hepatic organoid’s successful growth and survival and also 507 
establishing such conditions' influence on the organoid culture. Survivability was measured in a 508 
96-well plate with a limited number of organoids. Organoids from two dogs were passaged as 509 
described above and embedded (12 replicates) in different volumes of solubilized ECM (10 μL or 510 
15 μL). The cells were plated in a concentration of 400 cells/10 μL well and 600 cells/15 μL well 511 
corresponding to 40,000 cells/mL. Two media types (CMGF+, or CMGF+ R/G) were added in 512 
different volumes (25 μL, 30 μL, or 35 μL). The media was never changed, and no maintenance 513 
procedures were performed. The survivability of the organoids was monitored every day. 514 
Organoid death was defined as the dissolution of more than 50% of organoid structures. The 515 
survival rate of organoids in these conditions ranged from 12.9 (±2.3) days to 18 (±1.5) days, and 516 
the results are summarized in Table 3. The two samples that survived the longest were organoids 517 
derived from dogs embedded in 15 μL of solubilized ECM and 30 μL of CMGF+ media. Both 518 
samples were embedded in solubilized ECM (30 μL) and fresh media (500 μL) in a standard 24-519 
well plate after 18 days of deprivation to ensure organoid expansion was still possible (Figure 520 
10). 521 
 522 
[Insert Table 3 here] 523 
 524 
[Insert Figure 10 here] 525 



 

 526 
FIGURE AND TABLE LEGENDS: 527 
Figure 1: Workflow of canine organoid protocols. The Canine Organoid Isolation Protocol 528 
describes the preparation of the materials needed for organoid isolation, the harvesting of a 529 
tissue sample (through the means of necropsies, endoscopic, laparoscopic, and surgical biopsies), 530 
and guidance on cell dissociation and plating of the cellular population. The Canine Organoid 531 
Maintenance Protocol discusses cleaning and passaging of the organoid culture. The Organoid 532 
Harvesting and Biobanking Protocol discusses the preparation of organoid samples for paraffin-533 
embedding and further organoid characterization. Methods to biobank organoid cultures and 534 
reviving them from storage in liquid nitrogen are also discussed. 535 
 536 
Figure 2: Isolation tube layout. Recommended setup for tissue harvesting includes 10 mL of 537 
Advanced DMEM/F12 and 0.2 mL of Pen Strep in a 50 mL centrifuge tube. Additionally, three 50 538 
mL tubes filled with 10 mL of 1x CCS are required for surgical biopsies or necropsies. 539 
Recommended tube layout for isolation steps includes five tubes containing 5 mL of 1x CCS to be 540 
used during CCS wash steps. The first tube is used as a sample tube containing the minced tissue, 541 
and the remaining tubes serve as reservoirs of 1x CCS to be added to the first tube. The sixth tube 542 
contains 3 mL of 1x CCS for flushing the remaining tissue from the sample tube when transferring 543 
to a 6-well plate. These six tubes will be used before the EDTA incubation step. A tube with 5 mL 544 
of 1x CCS and 2 mL of FBS serves as a sample tube after EDTA incubation, and supernatant from 545 
this tube is transferred with stem cells into an empty tube for the rest of the isolation. Keep tubes 546 
at 4 °C before beginning isolation. 547 
 548 
Figure 3: Canine organoid isolation workflow. The harvested tissue sample is transferred to a 549 
Petri dish and minced properly. The sample is then transferred to a 1x CCS tube, and wash steps 550 
are performed. For the EDTA incubation in a 6-well plate, the sample is then transferred to a tube 551 
containing 1x CCS and FBS. After the tissue settles, the supernatant with a small amount of tissue 552 
is transferred to an empty tube. The sample is consequently spun, the supernatant is removed, 553 
and the pellet is resuspended in Advanced DMEM/F12. The tube is spun again, and the 554 
supernatant is aspirated and discarded. Solubilized ECM is added to the tube, mixed, and the 555 
sample is plated in a 24-well plate. The plate is consequently incubated (37 °C; 5% CO2 556 
atmosphere) for 30 min, and media is then added. 557 
 558 
Figure 4: Organoid sizing and density guide. (A) Organoid size chart for accurate tracking of 559 
organoid growth. The Sizing Guide includes extra-small (XS), small (S), medium (M), large (L), and 560 
extra-large (XL) categories. (B) The Density Guide consists of very low density (VLD), low density 561 
(LD), medium density (MD), high density (HD), and very high density categories (VHD). (C) 562 
Representative images of bacterial and fungal contamination of the organoid sample. (D) 563 
Representative images of organoid overcrowding and apoptosis. The objective magnification is 564 
indicated in every panel. 565 
 566 
Figure 5: Recommended 24-well plate layout. The recommended layout of the 24-well plate for 567 
basic characterization after expansion of the organoid culture. Paraffin-embedding of six wells 568 
(medium to large organoids of medium to high density) will typically allow for a high 569 



 

concentration of organoids in a histology block. Four wells of organoids can be pooled to one 570 
cryovial with RNA storage reagent for downstream applications. Fourteen wells are used for 571 
biobanking the organoid samples and provide material for up to seven cryopreserved vials. 572 
 573 
Figure 6: Representative images of canine organoids. Images of organoids isolated using this 574 
protocol are depicted. (A,B) Intestinal organoids derived from the duodenum (taken at 10x and 575 
5x objective magnification). Note the presence of older budded organoids and younger 576 
spheroids. (C,D) Canine enteroids from the lower portion of the jejunum (taken at 10x and 20x 577 
objective magnification). (E,F) Ileal enteroids (taken at 20x and 5x objective magnification), and 578 
(G,H) colonoids (taken at 10x objective magnification). (I) A representative image of hepatic 579 
organoids taken at 20x objective magnification. Most of the organoids are in their budding form. 580 
Younger hepatic spheroids can also be seen in the picture. (J) Representative image showing a 581 
rare hepatic organoid that forms a duct-like structure (taken at 10x objective magnification). 582 
Scale bar (500 μm) is present at the top-left corner of each image. 583 
 584 
Figure 7: Hepatic spheroid measurements. (A) Hepatic spheroid growth was observed every day 585 
of cultures from day 2–7. Spheroids first formed on day 2, and the last spheroids started the 586 
budding process on day 7. A subsequent experiment used two canine organoid lines after passage 587 
to harvest spheroids every day for paraffin-embedding to perform RNA ISH (day 2 image was 588 
taken at 40x, day 6 image at 10x, and the rest of the images were taken at 20x magnification). (B) 589 
A hepatic spheroid cluster is shown attached to a tissue chunk embedded in solubilized ECM 4 590 
days after isolation. Longitudinal and diagonal radii of the spheroids were measured (image taken 591 
at 10x). Panel (C) depicts the formula used for calculations to derive volume (V), surface area (P), 592 
2D ellipse area (A), and circumference (C). For these calculations, it was presumed that canine 593 
hepatic spheroids are ideal spheroids. Results of measurements of hepatic spheroids’ volume, 594 
surface area, 2D ellipse area, and 2D ellipse circumference for individual days of growth are 595 
depicted in panel (D). Error bars represent the standard error of the mean (SEM). (E) mRNA 596 
expression of KRT-7, LGR5, FOXA1, and CYP3A12 were measured in samples of canine hepatic 597 
spheroids after passage of day 2 to day 7. AQP1 was not expressed in these samples. A scale bar 598 
(5x: 500 μm; 10x: 200 μm; 20x: 100 μm; 40x: 50 μm) is present at the top left of each image. 599 
Objective magnification noted. 600 
 601 
Figure 8: Hepatic spheroids RNA in situ hybridization representative images. Representative 602 
images of LGR5, KRT7, FOXA1, and CYP3A12 markers were taken at 60x objective magnification 603 
of samples from day 2–7 post passage. Day 2 image of the LGR5 marker has been taken at 40x 604 
objective magnification. Positive mRNA molecules stain red. AQP1 was not expressed in the 605 
samples. 606 
 607 
Figure 9: Canine hepatic organoid passage experiment. Representative images of organoids 608 
derived from two dogs (D_1 and D_2) passaged using the trypsin-like protease incubation 609 
method for 12 min or 24 min. Control samples were passaged with trypsin-like protease for 10 610 
min. A scale bar (μm) is present at the top left of each image and represents 500 μm (5x objective 611 
magnification). 612 
 613 



 

Figure 10: Organoids nutritional and structural deprivation. Organoids were replated in 24-well 614 
plates to confirm the ability for expansion post-deprivation (A). Representative images from day 615 
4 and day 7 after the replating show the expansion of the organoids, confirming the ability to 616 
identify viable organoids visually (images are taken at 5x objective magnification). Representative 617 
images of organoids considered alive, or dead are seen in (B). Images are taken at 5x objective 618 
magnification. 619 
 620 
Table 1: Composition of solutions and media. A list of components and concentrations of 621 
incomplete and complete chelating solutions, CMGF+ (organoid media), freezing media, and FAA. 622 
 623 
Table 2: Media change recommendation. A recommended timeline of weekly media change. 624 
Media (500 μL of CMGF+ for intestinal organoids, or 500 μL of CMGF+ R/G for hepatic organoids) 625 
is recommended to be changed every other day. To account for the extra hours on a weekend, 626 
750 μL of media is added on Friday afternoons, with media being refreshed on Monday mornings. 627 
 628 
Table 3: Survivability experiment results. The experiment was based on deprivation of structural 629 
support or nutrition of two organoid cultures. The results include the mean, median, and 630 
standard deviation (CV%) of individual concentrations of solubilized ECM and media in individual 631 
dogs. 632 
 633 
Supplementary Table 1: Organoid care template. This template allows for accurate and 634 
reproducible organoid notetaking for each day. 635 
 636 
Supplementary Table 2: RNA in situ hybridization probes. List of probes specifically designed for 637 
canine mRNA targets by a manufacturer of the technology to perform RNA in situ hybridization 638 
technique. Information on the significance of individual markers, the name of a probe, its 639 
reference number, and target region are listed. 640 
 641 
DISCUSSION: 642 
There is currently a lack of standardized protocols available for the isolation and maintenance of 643 
canine hepatic and intestinal organoids. Establishing standard operating procedures for organoid 644 
cultures is warranted for this model to be applicable in different laboratory settings. Specifically, 645 
providing standardized operating protocols for the culture of these canine organoid models is 646 
key to characterizing organoids' normal growth during culture and passaging to derive optimal 647 
timepoints for expansion and maintenance. Canine intestinal organoids cultured using the 648 
protocol have been previously characterized by Chandra et al.12. 649 
 650 
One of the most critical steps of the protocol is the passaging of organoids. The optimal time for 651 
the first passage of hepatic spheroids was determined to be on day 7 after isolation based on the 652 
hepatic spheroid measurements. The maximum volume of spheroids was achieved by day 7, and 653 
at the same time, spheroids began to bud and formed hepatic organoids. The increase in overall 654 
organoid volume from day 2–7 after isolation was more than 365 times, suggesting the optimal 655 
passage time is longer than the canine intestinal organoid culture. After 7 days in culture, no 656 
gross signs of cellular apoptosis in the hepatic spheroid were observed, even without cleaning or 657 



 

passaging (Figure 7). Passaging the intestinal and hepatic organoids can be challenging as the 658 
procedure can lead to the loss of cells and altered viability. The results indicate that prolonged 659 
incubation of hepatic organoids with trypsin-like protease (up to 12 min) does not negatively 660 
influence the subculture. Incubating the organoids in trypsin-like protease for longer than 24 min 661 
can be detrimental to the subsequent subculture of the organoids. 662 
 663 
In case of suboptimal breakage in the cell clusters with the organoid passage, mechanical 664 
dissociation instead of prolonged incubation with trypsin-like protease might be more beneficial. 665 
If problems are encountered with proper dissociation of the organoids, brief vortexing of the 666 
samples may be attempted to enhance the passage yield. On the other hand, vortexing has the 667 
potential to ruin a culture and damage cells, so it should only be used when other procedures 668 
have failed repeatedly. Breaking hepatic organoids into single cells lowers the growth rate of the 669 
organoids, while breaking them into clusters of cells can greatly improve their viability. Ten 670 
minutes was chosen as the incubation time for the organoid protocol. A 12 min incubation 671 
timepoint was deemed not cytotoxic compared to a 24 min incubation in the trypsin-like protease 672 
experiment. 673 
 674 
The survivability experiment confirmed that canine hepatic organoids could survive for up to 19.5 675 
days in unfavorable conditions (structural and nutritional depletion). Organoids that survived 676 
these conditions the longest were cultured with CMGF+ media. This observation might have been 677 
caused by the slower growth of hepatic organoids in media not supplemented with Rock inhibitor 678 
and GSK3β. Organoid cultures with CMGF+ R/G grew faster and may have depleted their 679 
resources faster. This experiment opens possibilities of miniaturizing the canine organoid culture 680 
to achieve a high-throughput system conversion. Such a technology shows the potential to 681 
facilitate drug discovery or toxicology studies at a substantially reduced cost. 682 
 683 
Some common problems encountered during canine organoid culture maintenance are improper 684 
sample solidification when plating, culture contamination, and establishing the proper density 685 
and size of the organoids. If solubilized ECM solidifies prematurely during plating, immediately 686 
place it on ice for 10 min. If solubilized ECM does not form dome-like structures, it is likely that 687 
not enough media was removed from the sample. If this is the case, dilute the sample with a 688 
more solubilized ECM until domes form. 689 
 690 
When fungal or bacterial contamination is found in an entire plate (see Figure 4), the best 691 
solution is to discard the plate. Treatment with antifungal or antibiotic drugs can be attempted, 692 
but the success of such an attempt is extremely low. If a single well is contaminated in a plate, 693 
viable and unaffected wells can be cleaned (follow steps 4.1 to 4.5) to a new plate and monitored 694 
closely. If the sample has already been Emergency Frozen, it is advisable to discard the entire 695 
sample, as thawing the sample exposes the incubator to additional contamination risk. 696 
 697 
Healthy organoid culture should be at least in the medium size and medium density category or 698 
larger. Optimal density is crucial for organoid culture growth. Lower density must be corrected 699 
by cleaning the organoids to medium density. If the situation of extreme density occurs 700 
(overcrowding), the organoids should be expanded to more wells. Gross signs of cellular 701 



 

apoptosis often accompany both overcrowding and low density of the organoid culture. If these 702 
issues are not corrected in time, the whole organoid culture will turn apoptotic in a matter of 703 
days. If organoids achieve extra large size or very high density, the culture should be used for an 704 
experiment, freezing, or fixation. 705 
 706 
The organoid media currently contains 17 components, and the addition of growth factors 707 
needed for organoid maintenance and expansion can therefore be expensive. This problem can 708 
be solved by growing 2D cell cultures that synthesize the growth factors to produce conditioned 709 
CMGF+. Cell culture L-WRN produces Wnt-3a, R-Spondin-3, and Noggin growth factors37. The cell 710 
colony uses 90% DMEM/F12 and 10% FBS culture media. When the culture achieves 90 percent 711 
confluency, media is harvested every day for 1 week. The harvested media is then mixed with 2x 712 
CMGF+ (without these growth factors). While 2D cultures can produce the needed growth factors 713 
at a fraction of the cost, the added time and preparation to produce the media must be expected. 714 
Concentrations of growth factors between conditioned media batches can also differ37,38. 715 
 716 
Canine adult stem-cell-derived organoid cultures are a unique biomedical model that can help 717 
achieve the goals of the One Health Initiative39. The organoid technology can be used in many 718 
basic and biomedical research areas, spanning from developmental biology, pathophysiology, 719 
drug discovery and testing, toxicology to the study of infectious diseases and regenerative 720 
medicine40. Translational and reverse translational research are both areas where canine 721 
organoids are applicable15. Dogs have been used for centuries in translational experimental 722 
settings, and their companion animal status has also facilitated their position as one of the most 723 
explored species in veterinary medicine. 724 
 725 
In conclusion, this manuscript provides standardized operating protocols for isolation, 726 
maintenance, harvesting, and biobanking of canine hepatic and intestinal organoids to facilitate 727 
the application of this model in various biomedical fields. This model is uniquely suitable to 728 
promote reverse translational research as a tool of the One Health Initiative to promote the inter 729 
and intradisciplinary sharing of knowledge. 730 
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Incomplete chelating solution (ICS) 

composition
Final concentration

500 mL H2O NA

2.49 g Na2HPO4-2H2O 4.98 mg/mL

2.7 g KH2PO4 5.4 mg/mL

14 g NaCl 28 mg/mL

0.3 g KCl 0.6 mg/mL

37.5 g Sucrose 75 mg/mL

25 g D-Sorbitol 50 mg/mL

Complete chelating solution (CCS) 

composition

V/V % or final 

concentration

Incomplete chelation solution 20%

Sterile H2O 80%

DTT 520 μM

Pen Strep
Pen: 196 U/mL; Strep 

196 ug/mL 

Organoid media composition Final concentration

Advanced DMEM/F12 NA

FBS 8%

Glutamax 2 mM

HEPES 10 mM

Primocin 100 µg/mL

B27 supplement 1x

N2 supplement 1x

N-Acetyl-L-cysteine 1 mM

Murine EGF 50 ng/mL

Murine Noggin 100 ng/mL

Human R-Spondin-1 500 ng/mL

Murine Wnt-3a 100 ng/mL

[Leu15]-Gastrin I human 10 nM

Nicotinamide 10 mM

A-83-01 500 nM

SB202190 (P38 inhibitor) 50 µM

TMS (trimethoprim sulfate) 10 µg/mL

Additional components Final concentration

 ROCK inhibitor (Y-27632) 10 µM

Stemolecule CHIR99021 (GSK3β) 2.5 µM

Freezing media composition V/V percent

Organoid media and ROCK inhibitor 50%

FBS 40%

Dimethyl Sulfoxide (DMSO) 10%
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FAA composition V/V percent

Ethanol (100%) 50%

Acetic Acid, Glacial 5%

Formaldehyde (37%) 10%

Distilled water 35%



Media change recommendation

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

500 μL N/A 500 μL N/A 750 μL N/A N/A
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Media Type Mean (days survived) Median CV% Mean (days survived) Median

Media  (μL)

ECM (μL)

CMGF+ R/G 12.50 13 11.57 12.83 13

CMGF+ 17.08 17 16.26 18.50 19

CMGF+ R/G 13.67 14 13.36 13.00 13

CMGF+ 15.50 15 18.56 17.50 18

CMGF+ R/G 13.08 13 13.13 12.92 13

CMGF+ 16.29 16.5 17.69 18.00 18.5

death= more than 50% of organoid mass are unviable

D_1

D_2

TOTAL

30 25

10 10
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CV% Mean (days survived) Median CV% Mean (days survived) Median CV%

4.50 11.83 11.5 12.91 12.08 13 12.46

4.89 18.42 19 14.54 17.82 19 8.99

12.70 14.00 14.5 17.23 13.08 13 8.90

10.48 17.50 19 20.89 17.00 17 14.41

9.39 12.92 13 17.52 12.58 13 11.22

8.35 17.96 19 17.65 17.43 17 11.70

25 35 30

10 10 15
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Dear Editors, 

 

We want to express gratitude for both the editorial and reviewer’s comments. Our group 

addressed these notes, responding to each comment below. 

We strongly believe that our manuscript is in good shape to be published in the Journal of 

Visualized Experiments. 

Thank you very much for your great cooperation and happy holidays to all. 

Vojtech Gabriel and SMART Lab collective 

 

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

no spelling or grammar issues. 

 We made sure to read the manuscript again to catch the last spelling and grammar 

issues 

 

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

etc.) 

 The text was revised for personal pronouns and they were removed (namely, “we”, 

“our”, “you”, and “your”. 

 

3. 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 (Falcon, 

TrypLE Express, Matrigel, Mr. Frosty, CoolCell LX, RNAScope technology, etc.) 

 The protocol has been checked for trademark and registered symbol marks, but none 

were located. The commercial product names were replaced by generic names (Falcon 

tube – centrifuge tube; TrypLE Express – trypsin-like protease; Matrigel - solubilized 

extracellular membrane matrix; Mr. Frosty – freezing container; CoolCell LX - alcohol-

free cell freezing container; RNAscope technology – RNA in situ hybridization, RNAlater 

– RNA storage reagent, Parafilm – laboratory flexible film tape). We checked the Table 

of Materials for presence of these commercial products and added RNAscope 

equipment and Parafilm. 
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4. Use h for hours, min for minutes, and s for seconds throughout the manuscript. 

 We replaced the aforementioned terms with their abbreviations. 

 

5. Please ensure that all text in the protocol section is written in the imperative tense as if 

telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions 

should be described in the imperative tense in complete sentences wherever possible. Avoid 

usage of phrases such as “could be,” “should be,” and “would be” throughout the Protocol. Any 

text that cannot be written in the imperative tense may be added as a “Note.” However, notes 

should be concise and used sparingly. 

 We replaced “could be,” “should be,” and “would be” and made sure that the 

replacements are written in the imperative tense format.  

 

6. Lines 270-276; 327-333; 371-374: The Protocol should contain only discrete action items that 

direct the reader to do something without large paragraphs of text between sections 

 The lines have been incorporated into notes, we find that to be the best solution, as we 

believe the information provided is essential for the optimal results following the 

protocols.  

7. Figure 7B: Please make the measured radii legible by increasing the font size. 

 The font size of the measurements in Fig 7B were increased. 

 

8. Figure 8: Please make the scale legible by increasing the font size. Alternatively, indicate the 

scale in the legend. 

 The scale has been indicated in the legend for Figure 8. 

 
 

Reviewer #1: 
Manuscript Summary: In this manuscript, the authors provide a protocol for the generation of 

canine hepatic, intestinal and colonic organoids, maintenance, cryopreservation, and 

downstream applications. The protocol is of great interest to the broader scientific community 

and is overall clear and well written. This group has previously published on canine organoids 

and is in a great position to publish such as method-paper. I have a few minor comments that 

require the author’s attention. 

 Thank you for your kind words. 



 

Overall I would highly recommend adding a subsection about challenges and troubleshooting as 

well as limitation of the protocol. 

 This section has been created in the discussion, providing troubleshooting guide on 

organoid growth (also section 10.5 has been moved here) 

 

 

Minor Concerns: 

Abstract: 

1. Overall, I agree with the authors that the dog, as a species, has great potential as a model-

species for human disease. Nonetheless, dogs significance as pets in millions of households and 

associated veterinary applications should be highlighted as well. These two perspectives of 

canine diseases are complimentary. 

 Thank you for this input and I agree. I added a sentence describing advantages of such a 

technology for companion dogs. 

 

2. Lines 41-42: I recommend not mentioning specific diseases but rather state disease families 

such as inflammatory disease, metabolic disease and cancer. While IBD in dogs is an established 

entity, it is not identical to human IBD. Moreover, fatty liver disease and Alzheimer’s disease 

are human diseases that have canine parallels. Dogs suffer from many complex and 

multifactorial disease that have multiple similarities with human diseases, but they are also 

different in many ways. A disease model will never be identical to the human disease. 

 I agree and will keep it in general terms, thank you. 

 

3. Line 44 - organoids may be derived from pluripotent stem cells as well. 

 Agreed and corrected. 

 

4. Lines 47-8: The sentence needs to be restructured. 

 The sentence has been deleted to make space for veterinary applications in the 

abstract. 

 

5. Line 53 - “… and embed stem cells…”. The latter statement may be understood as if stem 

cells are being selected/enriched prior to embedding. Since a crude cell isolate is plated in 

matrigel, I would suggest stating it as such. 

 The sentence was changed to reflect the isolation process. 



 

Introduction: 

I think that the cited literature is not synced with the manuscript. I did not see Ref #6 in the text 

and at the end of line 72 citations #11 and 12 are indicated whereas the appropriate citations 

are #10 and 11. 

 Thank you for noticing and I corrected the problem manually as Mendeley citations are 

no longer present. 

 

1. Line 62: I would recommend avoiding the term ‘genetic disease’ and suggest emphasizing the 

more basic, molecular pathogenesis type of research that could be done only in rodents. 

 Sentence has been reworded with the suggested replacement. 

 

2. Line 75: Citation #13 seems inappropriate to support the previous statement. 

 The sentence has been restructured to avoid the claim. Thank you. 

 

3. Line 82: suggest replacing ‘oncogenic’ with ‘cancer’ cell lines. 

 The word was replaced. 

 

4. Line 95: can the authors please clarify the use of the term “reverse translational research”? 

 An explanation of the term has been added to the sentence. 

 

Canine Organoid Isolation Protocol: 

1. Line 143: Can the authors specific what are the considerations in using vs not using NAC? 

 An explanation has been added to the note. 

 

2. Lines 196-7: Do the authors have any experimental data (new or citation) to support their 

statement regarding the potential 24 hour pause? 

 The sentence had been removed, as we can’t find a citation, and the information is 

based on the lab experience. 

 

Organoid Isolation: 

1. Line 245: suggest using the terms “dissociated cells and tissue” instead of minced tissues and 



stem cells. The EDTA treatment is facilitating the dissociation of all epithelial cells and not stem 

cell specific. 

 Thank you for suggestion, and I incorporated the change. 

 

Organoid cleaning: 

1. Please provide some more context. When should a researcher consider applying this 

method? Please be more specific. 

 The paragraph has been rewritten to provide more information. 

 

2. Line 292: Please consider replacing ‘transfer organoids’ with ‘transfer the organoid-

containing dissolved matrigel’. 

 The sentenced has been updated with suggested above. 

 

3. Line 293: ‘… if needed”. How does one determine if it is needed? 

 Explanation added to the manuscript 

 

Fixation of organoids: 

Can the authors provide more information on downstream processing of the organoids after 

they have been fixed? In what type of molds are they being embedded in paraffin? 

 I contacted our VDL to figure out the question on the molds, I added their answer in the 

manuscript. 

 

RNA preservation: 

 Note has been added to the RNA preservation section, stating the total ng RNA per 

cryovial. 

 

Organoid biobanking: 

Line 392: please add the more formal description ‘cell freezing container’ along with the 

common, but trademarked ‘Mr. Frosty’. 

 The trademarked names were replaced with generic names – editorial comments. 

 

Controlling contamination: 



This section is mostly redundant. These are all generic good practices for any cell culture. 

Section 10.5 could be added to the proposed Troubleshooting section. 

 The section has been removed and 10.5 has been moved to the troubleshooting section. 

 

Representative results: 

1. Lines 476: It is sufficient to state that the various indices (i.e. V, P, A and C) were calculated. 

The term ‘based on mathematical calculations’ does not provide any useful information. 

 I removed the mention of the mathematical calculations. 

 

2. Since data presented in Sup figure 1 are novel, I recommend that it is added as one of the 

main figures. I also recommend adding a higher power image (potentially as an inset) to provide 

better appreciation of staining properties. 

 Sup fig. 1 has been moved and is now Fig. 8. I retook the images in 60X magnification. 

 

3. Lines 503-515: These data are from a single experiment (1 well each?) with 2 cell lines. 

Results should be repeated, quantified and analyzed prior to reporting. 

 The experiment was performed in 6 wells with 2 cell lines. (Added to the protocol) The 

quantification of such an experiment is complicated due to the lack of standardization of 

the 3D model measurements (problem we are trying to address in the first experiment). 

We are using this experiment as a justification for our protocols methods and not a 

standalone experiment. Therefore, I added following to the experimental description: 

“10 min was chosen as the incubation for the organoid protocol as a 12 min incubation 

timepoint was deemed not cytotoxic as compared to a 24 min incubation in the Trypsin-like 

protease experiment.” 

 

4. Lines 519-532: The context for this experiment is unclear to me. What questions were the 

authors trying to answer? 

 The explanation of the context has been added to the results section. 

 

Figure legends: 

Figure 1: Stem cells are not isolated as part of this process. Cells are dissociated and the entire 

cell population is plated. While all other cell types will undergo apoptosis (sooner or later), the 

stem cell population is the one responsible for the long-term culture capacity. 

 The misunderstanding was corrected. 



 

Figure 6 - Suggest removing the term ‘genetic’ applications and stick with ‘downstream 

applications’. For Figure 6 itself, suggest using images with consistent magnification. Also please 

make sure you state if indicated numbers represent total magnification or objective lens only. 

 Located to Figure 5 and corrected. 

 

Figure 7 - The lines in the graph indicating LGR5, AQP1 etc. are too similar and hard to 

differentiate. Please use colors with better contracts. 

 The graph was recolored. 

 

Discussion: 

1. Lines 653-55: The authors state that ‘we did not observe any signs of cellular apoptosis…’. I 

suggest adding the term ‘gross signs of cellular apoptosis’ as the authors did not do any specific 

and more sensitive assays to detect evidence of apoptosis. 

 “Gross” added to the sentence.  

Thank you for your comments, I appreciate it! 

 

 

Reviewer #2: 
Manuscript Summary: In this manuscript, the authors presented the experimental methods to 

harvest adult stem cells from canine intestinal and hepatic tissues to establish 3D organoid 

cultures. The authors introduced three protocols, including isolation, maintenance, and 

banking. The protocols were clearly described and easy to follow. The schematics and the 

experimental images were well presented. Minor revision is required. 

 Thank you very much for kind words. 

 

Major Concerns: 

1. Fig. 4 showed different density and size. What density/size is preferred, or it does not 

matter? Please make it clear. 

 In order to answer this question, I added a few sentences in the “troubleshooting” 

section in the discussion. 

 

Minor Concerns: 

1. Please provide the full name of CMGF+. 

 I made clearer what CMGF+ means when first met in the text (line 168). 



 

2. Please explain the purpose of using CCS, NAC solution, CMGF+, and FAA. 

 Purpose of CCS and NAC added to line 145. CMGF+ explanation added to line 168. FAA 

comment added to line 355. 

 

3. In section 3.2, please indicate the ideal piece size. 

 Added the size to line 211. 

 

Thank you very much for your time! 



Date:

Sample # Notes

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

XS S M L XL Sph. Org. VLD LD MD HD VHD Change Clean Passage Toss R/G CMGF+

Notes:

To Be Done MediaSize Type Density
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WellMedia



Target marker Abbr. Significance

Aquaporin 1 AQP1 Cholangiocyte marker

Cytochrome P450 3A12 CYP3A12 Hepatocyte marker

Cytokeratin 7 KRT7 Cholangiocyte marker

Forkhead box protein A1 FOXA1 Hepatocyte marker

Leucine-Rich Repeat-containing G-Protein Coupled Receptor 5 LGR5 Stem cell marker
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Probe Reference # Target region

Cl-AQP1  NM_001003130.1 3 - 869

Cl-CYP3A12 NM_001003340.1 2-1823

Cl-KRT7 XM_005636798.2 418-1640 

Cl-FOXA1 XM_847261.4 1425-2391

Cl-LGR5 XM_846738.2  517 - 1506



Author License Agreement Click here to access/download;Author License Agreement
(ALA);Jove1001.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1420912&guid=eeccaede-f45b-43cf-b793-5cadee04d37c&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1420912&guid=eeccaede-f45b-43cf-b793-5cadee04d37c&scheme=1





