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SUMMARY: 35 
Three-dimensional cultures of patient BMPC specimens and xenografts of bone metastatic 36 
prostate cancer maintain the functional heterogeneity of their original tumors resulting in cysts, 37 
spheroids and complex, tumor-like organoids. This manuscript provides an optimization 38 
strategy and protocol for 3D culture of heterogeneous patient derived samples and their 39 
analysis using IFC.  40 
 41 
ABSTRACT: 42 
Three-dimensional (3D) culture of organoids from tumor specimens of human patients and 43 
patient-derived xenograft (PDX) models of prostate cancer, referred to as patient-derived 44 
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organoids (PDO), are an invaluable resource for studying the mechanism of tumorigenesis and 45 
metastasis of prostate cancer. Their main advantage is that they maintain the distinctive 46 
genomic and functional heterogeneity of the original tissue compared to conventional cell lines 47 
that do not. Furthermore, 3D cultures of PDO can be used to predict the effects of drug 48 
treatment on individual patients and are a step towards personalized medicine. Despite these 49 
advantages, few groups routinely use this method in part because of the extensive optimization 50 
of PDO culture conditions that may be required for different patient samples. We previously 51 
demonstrated that our prostate cancer bone metastasis PDX model, PCSD1, recapitulated the 52 
resistance of the donor patient’s bone metastasis to anti-androgen therapy. We used PCSD1 3D 53 
organoids to characterize further the mechanisms of anti-androgen resistance. Following an 54 
overview of currently published studies of PDX and PDO models, we describe a step-by-step 55 
protocol for 3D culture of PDO using domed or floating basement membrane (e.g., Matrigel) 56 
spheres in optimized culture conditions. In vivo stitch imaging and cell processing for histology 57 
are also described. This protocol can be further optimized for other applications including 58 
western blot, co-culture, etc. and can be used to explore characteristics of 3D cultured PDO 59 
pertaining to drug resistance, tumorigenesis, metastasis and therapeutics. 60 
 61 
INTRODUCTION:   62 
Three-dimensional cultured organoids have drawn attention for their potential to recapitulate 63 
the in vivo architecture, cellular functionality and genetic signature of their original tissues1-5. 64 
Most importantly, 3D organoids established from patient tumor tissues or patient derived 65 
xenograft (PDX) models provide invaluable opportunities to understand mechanisms of cellular 66 
signaling upon tumorigenesis and to determine the effects of drug treatment on each cell 67 
population6-13. Drost et al.5 developed a standard protocol for establishment of human and 68 
mouse prostate organoids, which has been widely adopted in the field of urology. In addition, 69 
significant effort has been dedicated for further characterization of 3D organoids and to 70 
understand the detailed mechanisms of tumorigenesis and metastasis4,12,14,15. In addition to the 71 
previously established and widely accepted protocol for 3D organoids cultures, we describe 72 
here a step-by-step protocol for the 3D culture of PDO using three different doming methods in 73 
optimized culture conditions. 74 
 75 
In this manuscript, 3D organoids were established as an ex vivo model of bone metastatic 76 
prostate cancer (BMPC). The cells used for these cultures came from the Prostate Cancer San 77 
Diego (PCSD) series and were derived directly from patient prostate cancer bone metastatic 78 
tumor tissues (PCSD18 and PCSD22) or patient derived xenograft (PDX) tumor models (samples 79 
named PCSD1, PCSD13, and PCSD17). Because spontaneous bone metastasis of prostate cancer 80 
cells is rare in genetically engineered mouse models16, we used direct intra-femoral (IF) 81 

injection of human tumor cells into male Rag2-/-c-/- mice to establish the PDX models of bone 82 
metastatic prostate cancer17.  83 
 84 
Once 3D organoids are established from heterogeneous patient tumor cells or patient derived 85 
xenografts, it is essential to confirm their identity as prostate tumor cells and to determine their 86 
phenotypes in the 3D organoid cultures. Immunofluorescence chemistry (IFC) allows the 87 
visualization of protein expression in situ in each cell, often indicating the potential functions 88 



  

 

for specific cell populations2,4. In general, IFC protocols for a vast majority of samples including 89 
tissues and cells are straightforward and fully optimized. However, the cell density and number 90 
of organoids can be significantly lower than that of conventional culture. Therefore, the IFC 91 
protocol for organoids requires additional steps to ensure proper processing and embedding in 92 
paraffin for all organoids in the samples. We describe additional steps for an agarose pre-93 
embedding process and tips to label the location of sectioned organoids on the slide that 94 
increases the success rate of IFC on organoids especially when the samples of organoids have 95 
lower cell density than desired.  96 
 97 
PROTOCOL: 98 
 99 
This study was carried out in strict accordance with the recommendations in the Guide for the 100 
University of California San Diego (UCSD) Institutional Review Board (IRB). IRB #090401 101 
Approval was received from the UCSD Institutional Review Board (IRB) to collect surgical 102 
specimen from patients for research purposes. An informed consent was obtained from each 103 
patient and a surgical bone prostate cancer metastasis specimen was obtained from orthopedic 104 
repair of a pathologic fracture in the femur. Animal protocols were performed under the 105 
University of California San Diego (UCSD) animal welfare and Institutional Animal Care and Use 106 
Committee (IACUC) approved protocol #S10298. Cells from mechanically and enzymatically 107 
dissociated patient tumor tissue were intra-femorally injected into 6 to 8 week old male Rag2-/-108 
;γc

-/- mice as previously described17. Xenograft tumor volume was determined using an in vivo 109 
bioluminescence imaging system and caliper measurements. Upon tumor growth up to 2.0 cm 110 
(the maximal allowable size approved by IACUC), the tumor was harvested for 3D organoids 111 
establishment.  112 
 113 
NOTE: Figure 1 shows the workflow for establishing 3D Organoids and a protocol number for 114 
each step of the experimental procedures.  115 
 116 
1. Processing of patient derived xenograft (PDX) tumor tissues 117 
 118 
NOTE: This is an initial step for organoid establishment for a tumor derived from a xenograft 119 
mouse model. This protocol is adapted from a previous publication by Drost et al.5 and we have 120 
modified the media conditions to include serum supplementation to organoid media.  121 
 122 
1.1. Process the tumor specimen as described below.  123 
 124 
1.1.1. Mince tumor samples to 1-3 mm3 sized pieces and digest the samples with 10 mL of cell 125 
dissociation solution for 45 min at room temperature.  126 
 127 
1.1.2. To terminate digestion, add 20 mL of DMEM complete media to the samples.  128 
 129 

1.1.3. Filter the suspension through a 70 m cell strainer. Use a sterile plunger flange to push 130 

any leftover tissue on the top of 70 m cell strainer.  131 
 132 



  

 

1.1.4. Centrifuge at 300 x g for 5 min at 4 °C. 133 
 134 
1.1.5. Wash the cell pellet three times with fresh adDMEM complete media. Match the 135 
volume of media for wash and resuspension with the volume of media suggested in Table 3. For 136 
example, for a 24 well plate culture condition, the volume for the wash should be 500 µL. 137 
 138 
NOTE: As shown in Table 3, the protocol is applicable to different culture conditions.  139 
 140 
1.1.6. Determine final cell counts using Trypan blue dye and a hemocytometer.  141 
 142 
1.1.7. After obtaining cell counts, re-suspend cell pellet in 80 µL of 2% FBS in PBS per 2 x 106 143 
tumor cells.  144 
 145 
1.1.8. Add 20 µL of Mouse Cell Depletion Cocktail per 2 x 106 tumor cells. Mix well and 146 
incubate for 15 min at 2-8 °C.  147 
 148 
1.1.9. Adjust the volume to 500 µL with 2% FBS in PBS buffer per 2 x 106 tumor cells.  149 
 150 
NOTE: Up to 1 x 107 tumor cells in 2.5 mL of cell suspension can be processed on one LS 151 
column. 152 
 153 
1.1.10. Load the LS columns on the magnetic column separator and place a 15 mL conical tube 154 
on a rack underneath to collect the flow-through. 155 
 156 
1.1.11. Rinse each column with 3 mL of 2% FBS in PBS buffer. Discard the conical tube with the 157 
wash flow-through and replace with a new, sterile 15 mL conical tube.  158 
 159 
1.1.12. Add the cell suspension (up to 2.5 mL of 1 x 107 tumor cells) onto the column. Collect 160 
flow-through that will be the enriched with human tumor cells.  161 
 162 
1.1.13. Wash the column twice with 1 mL of 2% FBS in PBS buffer.  163 
 164 
NOTE: It is important to perform wash steps as soon as the column is empty. Also, try to avoid 165 
forming air bubbles.  166 
 167 
1.2. Aliquot the appropriate volume of cell suspension to a 1.5 mL tube for the desired 168 
culture set up (Table 3). 169 
 170 
1.3. Centrifuge the 1.5 mL tube at 300 x g and 4 °C for 5 min. 171 
 172 
1.4. Carefully remove and discard the supernatant.  173 
 174 
2. Processing of patient primary tumor tissues 175 
 176 



  

 

NOTE: This is an initial step for organoid establishment.  177 
 178 
2.1. Follow all of step 1 except the mouse cell depletion process, which is not necessary for 179 
processing of patient primary tumor tissues.  180 
 181 
3. Forming an attached round dome on the plate 182 
 183 
NOTE: This manuscript describes three ways to make a dome from a mixture of the cell pellet 184 
and the basement membrane (e.g., Matrigel) as shown in Figure 1 and Figure 2. In Steps 2-4, 185 
the cells and the basement membrane should be kept on ice to prevent solidification of the 186 
basement membrane.  187 
 188 
3.1. Resuspend the cell pellet in the appropriate volume of basement membrane (e.g., 40 189 
µL) for a 24 well plate set up (Table 1). 190 
 191 
3.2. Pipette up and down gently to ensure that the cells are re-suspended well in the 192 
basement membrane.  193 
 194 
3.3. Pipette the appropriate volume (Table 3) of the cell-basement membrane mixture (and 195 
optional 10 µL of adDMEM complete media) into the center of the pre-warmed issue culture 196 
plate.  197 
 198 
3.4. Invert the plate and immediately place the plate upside down in the CO2 cell culture 199 
incubator set at 5% CO2, 37 °C for 15 min. This prevents cells from settling and adhering to the 200 
plate bottom while allowing the basement membrane to solidify.  201 
 202 

3.5. Pipette the appropriate volume (Table 3) of pre-warmed medium containing 10 M Y-203 
27632 dihydrochloride into each well.  204 
 205 
3.6. Place the plate right side up inside the CO2 cell culture incubator (5% CO2, 37 °C). 206 
 207 

3.7. Change the media every 3-4 days. After 5-7 days, use culture medium without 10 M Y-208 
27632 dihydrochloride to maintain the cultures.  209 
 210 
4. Forming a floating dome from an attached round dome on the plate 211 
 212 
4.1. After step 3.7, detach the dome using a cell scraper.  213 
 214 
5. Forming floating beads 215 
 216 
NOTE: This protocol is named as floating beads since the mixture of basement membrane, 217 
media, and organoids look like beads.  218 
 219 
5.1. Cut a 2 inch x 4 inch piece of paraffin film.  220 



  

 

 221 
5.2. Place the paraffin film on the top of the divots of an empty tip-holding rack from a 1000 222 
µL plastic pipette tip box.  223 
 224 
5.3. Gently press down on the paraffin film to trace the divots using a gloved index finger but 225 
without breaking through the paraffin film.  226 
 227 
5.4. Spray the paraffin film with 70% ethanol and turn on the UV lamp in the cell culture 228 
hood to sterilize the prepared paraffin film for at least 30 min.  229 
 230 
5.5. Prepare a mixture of cells and 20 µL of basement membrane. Seeding density can be 231 
50,000 - 250,000 cells per dome. 232 
 233 
5.6. Pipette the mixture of cells processed from step 1 or 2, and 20 µL of basement 234 
membrane into the mold of the divot formed in the prepared paraffin film.  235 
 236 
5.7. Resuspend the cell pellet in basement membrane and pipette the cell suspension in the 237 
prepared paraffin filmed divots.  238 
 239 
5.8. Place the solidified beads and paraffin film into a 6-well plate. One well in a 6-well plate 240 
can fit up to 5 beads. 241 
 242 

5.9. Pipette 3-5 mL of pre-warmed medium containing 10 M Y-27632 dihydrochloride into 243 
each well while gently brushing beads off of the paraffin film.  244 
 245 
NOTE: As a minimum volume, 3 mL is recommended. For a maximum number of beads (N=5) 246 
per well, 5 mL of medium is recommended. 247 
 248 
5.10. Place the plate inside a CO2 incubator (5% CO2, 37 °C). 249 
 250 
5.11. Change the organoid media every 3-4 days. After 5-7 days, use culture medium without 251 

10 M Y-27632 dihydrochloride to maintain the cultures.  252 
 253 
6. In vivo organoids image stitching using microscope18 254 
 255 
NOTE: Certain microscopes are unable to reach the outer perimeter of the cell plate (edge 256 
wall); therefore, we suggest using the wells close to the perimeter of the cell plate when image 257 
stitching.  258 
 259 
6.1. Place the cell culture plate in an upward position into the plate holder in the Keyence 260 
microscope.  261 
 262 
6.2. Place the lens on the center of the target dome.  263 
 264 



  

 

6.3. Set up the automatic stitching process by selecting number of the frames. For examples, 265 
3 x 3 or 5 x 5 can be chosen to generate 9 images or 25 images total.  266 
 267 
6.4. Press the capture button to initiate imaging process.  268 
 269 
6.5. Open the image viewer software and load a group of images taken by step 4.  270 
 271 
6.6. Click Image Stitching to create a high-resolution stitched image.  272 
 273 
NOTE: Capturing of serial 9 or 25 images can be performed either by manual or automatic set 274 
up to focus the cells.  275 
 276 
7. Organoid processing for histology: the agarose spin down method  277 
 278 
NOTE: This protocol is adapted from a previous publication by Vlachogiannis et al.7. We have 279 
added a step involving agarose embedding to successfully embed all populations of organoids.  280 
 281 
7.1. Remove existing media from the well. Be careful not to aspirate the basement 282 
membrane domes.  283 
 284 
7.2. Add an equal (equal to the volume of media removed from step 1) volume of cell 285 
recovery solution and incubate for 60 min at 4 °C.  286 
 287 
7.3. Dislodge the basement membrane dome using a pipette and crush the basement 288 
membrane dome using a pipet tip. Collect the dissociated dome and cell recovery solution in a 289 
1.5 mL tube.  290 
 291 
7.4. Centrifuge at 300 x g and 4 °C for 5 min.  292 
 293 
7.5. Remove the supernatant (cell recovery solution). Save all supernatants in separate tubes 294 
until the end when the presence of organoids is confirmed in the final pelleting step. 295 
 296 
7.6. Add desired volume (Table 3) of cold PBS and gently pipette up and down to 297 
mechanically disturb pellet.  298 
 299 
7.7. Centrifuge at 300 x g and 4 °C for 5 min.  300 
 301 
7.8. Remove the supernatant (PBS). 302 
 303 
7.9. Fix the pellet in a matched volume (e.g., 500 µL for one pellet from the 24 well plate 304 
culture condition, Table 3) of 4% PFA for 60 min at room temperature.  305 
 306 
7.10. Following fixation, centrifuge at 300 x g and 4 °C for 5 min.  307 
 308 



  

 

7.11. Remove the supernatant (PFA).  309 
 310 
7.12. Wash with matched volume (e.g., 500 µL for one pellet from the 24 well plate culture 311 
condition, Table 3) of PBS and centrifuge at 300 x g and 4 °C for 5 min. 312 
  313 
7.13. Prepare warm agarose (2% agarose in PBS).  314 
 315 
NOTE: Here, cell pellets for frozen sections can be directly re-suspended in 200 µL of OCT 316 
compound without further steps in Protocol 7.  317 
 318 
7.14. Re-suspend the cell pellet in 200 µL of agarose (2% in PBS).  319 
 320 
7.14.1. Immediately after adding agarose, gently detach the cell pellet from the wall of the 1.5 321 
mL tube using the 25 G needle attached to 1 mL syringe. As shown in Figure 3, if the cell pellet 322 
is not physically detached from the wall of the 1.5 mL tube, then there is a risk of losing all or 323 
part of the cell pellet during the agarose embedding process. 324 
 325 
7.15. Wait until the 2% agarose in PBS is completely solidified.  326 
 327 
7.16. Detach the solidified agarose block from the 1.5 mL tube using a 25 G needle attached 328 
to the 1 mL syringe.  329 
 330 
7.17. Transfer the detached agarose block containing the cell pellet to a new 1.5 mL tube.  331 
 332 
7.18. Fill the tube with 70% EtOH and proceed further using the conventional protocol  for 333 
tissue dehydration and paraffin embedding.  334 
 335 
8. Histology and Immunofluorescent cytochemistry (IFC) of organoids  336 
 337 
8.1. Select the slide(s) for histology or IFC.  338 

 339 
8.2. Before initiating the staining process, find out where the cells are located on the slide 340 
and draw a circle around the cells on the slide using a marker.  341 
 342 
8.3. Draw the perimeter around the edge or boarder of the slide and where circles are 343 
located on the slide in a laboratory notebook to record their locations.  344 
 345 
8.4. Perform desired staining.  346 
 347 
NOTE: During this process, marked circles disappear since regular maker is not resistant to the 348 
chemicals. Even some histology permanent markers may be erased during staining process. 349 
 350 
8.5. After the staining process, place the slide over the drawing in the laboratory notebook 351 
to find the locations of cells on the slide.  352 



  

 

 353 
REPRESENTATIVE RESULTS:  354 
3D organoids were successfully established from a patient derived xenograft (PDX) model of 355 
bone metastatic prostate cancer (BMPC) as well as directly from patient bone metastatic 356 
prostate cancer tissue (Figure 4). Briefly, our PDX models of BMPC were established by intra-357 
femoral (IF) injection of tumor cells into male Rag2-/- c-/- mice and then PDX tumors were 358 
harvested and processed as described in this manuscript. As shown in Figure 4, PDX tumor 359 
tissues from the PCSD series resulted in 3D organoids with differential phenotypes that 360 
manifested as cysts, spheroids and higher complexity organoids that formed using this protocol.  361 
 362 
A stitched image from 25 high resolution 10x magnification images showed an entire dome of 363 
basement membrane and organoids (Figure 5). Using image analysis software, one has the 364 
option to sort out the cells or cell clusters that are larger than a certain size or to manually 365 
select spheroids or cysts.  366 
 367 
The steps for agarose embedding of the organoid cultures and tips to label the location of 368 
sectioned organoids on the slide increase the success of performing IFC on the organoids 369 
especially when the samples of organoids have a lower cell density than desired. Figure 6 shows 370 

an example of IFC on a 5 m thick paraffin section of organoids targeting cytokeratin 5 (CK5, 371 
basal epithelial cell marker), cytokeratin 8 (CK8, luminal epithelial cell marker) and DAPI.  372 
 373 
FIGURE AND TABLE LEGENDS:  374 
Figure 1. Establishment and characterization for 3D cultured organoids derived either from 375 
patient tumor tissues or patient derived xenograft (PDX) tumor tissues.  376 
 377 
Figure 2. Methodologies to form a mixture of cell pellets and basement membrane. An 378 
attached dome (a), a floating dome (b) and floating beads (c). 379 
 380 
Figure 3. A key step for successful agarose embedding. A process to detach the cell pellet from 381 
the wall of the 1.5 mL tube.  382 
 383 
Figure 4. Differential phenotypes of organoids from a series of PCSD PDX tumors, which 384 
includes single cells, cysts, spheroids and higher complexity organoids.  385 
 386 
Figure 5. Example of a raw stitched image from total of 25 high resolution images and its 387 
application for a follow up analysis to count the number of cells or measure the area of 388 
cells/cell clusters.  389 
 390 

Figure 6. Image showing CK5 and CK8 IFC stained PCSD1 organoids (5 m thickness of paraffin 391 
section).   392 
 393 
Table 1. adDMEM/F12 +/+/+ Preparation. This table has been previously published by Drost et 394 
al.5.  395 
 396 



  

 

Table 2. Components for C/S Human Media + 10 % FBS. This table has been previously 397 
published by Drost et al.5. 398 
 399 
 400 
Table 3. Seeding density, basement membrane volume, and medium volume needed for one 401 
dome. This table is modified from a previous publication by Drost et al.5.  402 
 403 
DISCUSSION: 404 
3D organoids derived from patient bone metastasis prostate cancer cells are still relatively rare. 405 
Here, we describe strategies and further optimized protocol to successfully established serial 406 
3D patient derived organoids (PDOs) of BMPC. In addition, protocols are described to secure 407 
the organoids in samples with lower cell density for IFC and IHC analysis. Differential 408 
phenotypes in the form of cyst, spheroids and more complex organoids indicate that this 409 
protocol provides culture conditions that allows for heterogonous tumor cell populations in 410 
patients to retain their cellular phenotype and structure. Thus, the culture conditions described 411 
here, which were adapted from Drost et al.5 modified with FBS serum supplementation, has 412 
been shown to be optimal for the cultures of patient BMPC-derived cells such that they retain 413 
their intra-subject and inter-subject heterogeneity (manuscript in preparation). 414 
 415 
Our optimized protocol is practical for an experimental set up with multiple endpoints from 416 
limited starting material from primary or PDX tumor tissues to set up 3D organoids cultures. In 417 
general, establishment of 3D organoids from patient primary tumor tissues is less successful 418 
than establishment of 3D organoids from PDX tumor tissues. Therefore, it is recommended to 419 
have a higher seeding density (up to four times higher) of cells for the establishment of 3D 420 
organoids from patient primary tumor tissues than from PDX tumors). One method to increase 421 
cell yield during tumor tissue processing is to recover any tumor tissue leftover on the top of 70 422 

m cell strainer by passing the filtered cell suspension through the strainer again.  423 
   424 
Three different methods to form a 3D organoid culture (Figure 2) can be used and easily 425 
adapted depending on the follow up endpoint analysis. For example, if one desired to have the 426 
stitched images after establishing 3D organoids, an attached dome is highly recommended 427 
since the image stitching process requires a serial movement of microscopic objective to 428 
acquire the desired number of images (either 9 or 25). This process results in a subtle vibration 429 
to the holder of cell culture plate. Both types of the floating dome will freely move due to the 430 
vibration while acquiring the image. In addition, both types of floating domes can be easily 431 
transferred from one well to the another, making them suitable for co-culture with adherent 432 
cells after setting up 3D organoid cultures and the adherent cells in the separate wells. The 433 
attached dome and floating dome released from being attached have been shown to retain 434 
organoids for up to 10 weeks. Interestingly, a floating dome from the floating beads method 435 
has been shown to retain organoids for up to 4 months. The floating beads method to produce 436 
basement membrane spheres introduced in our protocol involves more steps and skills but can 437 
be considered for a long-term culture. In parallel, despite their use for establishment of 3D 438 
organoids from different tumors and metastasis, the role of the doming method and the 439 
basement membrane shape on organoids formation have not been deeply determined. In that 440 



  

 

sense, the paraffin film method can be considered for use when the other two methods have 441 
been unsuccessful.  442 
 443 
For all three different methods, this protocol recommends using a lower volume of media and a 444 
higher volume of basement membrane for the resuspension process because the domes will 445 
last longer in culture. A dome is formed with a 1:4 ratio of media and basement membrane. Of 446 
note, this method increases the formation of bubbles while pipetting the cell suspension up and 447 
down since the added volume of media does not circumvent the viscosity of the basement 448 
membrane. Therefore, it is recommended to set up 1.5 mL tubes such that there is one cell 449 
pellet per each dome instead of having one cell pellet for several domes in one 1.5 mL tube. In 450 
doing so, the formation of bubbles in one tube for one dome will not serially affect other 451 
domes. If the duration of the culture condition has been previously optimized and is known to 452 
be short (up to a month), the basement membrane can be diluted more to circumvent the 453 
viscosity issue of the basement membrane. A cell pellet resuspension for several wells can be 454 
prepared in one tube, utilizing a higher volume of media to the desired volume of basement 455 
membrane to minimize cell loss and variability.  456 
 457 
To minimize bubble formation during the pipetting process, pipette a lower volume than the 458 
actual volume of the cells, media and basement membrane mixture. For example, for a dome 459 
within 24 well plates, 40 µL of basement membrane and up to 10 µL of adDMEM complete 460 
media are mixed with the cell pellet. In this case, the pipette can be set to handle a volume of 461 
40 µL instead of 50 µL while pipetting up and down in order to minimize bubble formation. For 462 
this second method, the cell pellet resuspension for several wells can be prepared in one tube 463 
to minimize cell loss and variability. The liquid status of commercially available basement 464 
membrane is often variable. Therefore, new batches of basement membrane need to be tested 465 
for the doming process. If the basement membrane is more viscous than usual, then up to 466 
additional 10 µL of adDMEM complete media (details written in step 1) can be added to dilute 467 
the mixture of cell pellet and basement membrane.  468 
 469 
Here, we present a protocol to establish, image and process cultured 3D organoid with detailed 470 
tips for successful completion of the desired procedures. Culture media for 3D organoids 471 
introduced in our manuscript is specifically for prostate-derived cells. However, other details 472 
described in our protocol are applicable to different types of tumor tissues and metastatic sites.  473 
 474 
ACKNOWLEDGMENTS:  475 
This study was supported by the Leo and Anne Albert Charitable Foundation and JM 476 
Foundation. We thank the University of California San Diego Moores Cancer Center members, 477 
Dr. Jing Yang and Dr. Kay T. Yeung for allowing us the use of their microtome and Randall 478 
French, Department of Surgery for technical expertise.  479 
 480 
DISCLOSURES:   481 
Sanghee Lee and Christina A.M. Jamieson are the guest editors of JoVE Methods Collection.  482 
 483 
REFERENCES:  484 



  

 

1 Fatehullah, A., Tan, S. H., Barker, N. Organoids as an in vitro model of human 485 
development and disease. Nature Cell Biology. 18 (3), 246-254 (2016). 486 
2 Tushir, J. S. et al. Unregulated ARF6 activation in epithelial cysts generates hyperactive 487 
signaling endosomes and disrupts morphogenesis. Molecular Biology of the Cell. 21 (13), 2355-488 
2366 (2010). 489 
3 Karthaus, W. R. et al. Identification of multipotent luminal progenitor cells in human 490 
prostate organoid cultures. Cell. 159 (1), 163-175 (2014). 491 
4 McCray, T., Richards, Z., Marsili, J., Prins, G. S., Nonn, L. Handling and Assessment of 492 
Human Primary Prostate Organoid Culture. Journal of Visualized Experiments. 10.3791/59051 493 
(143) (2019). 494 
5 Drost, J. et al. Organoid culture systems for prostate epithelial and cancer tissue. Nature 495 
Protocols. 11 (2), 347-358 (2016). 496 
6 Gao, D. et al. Organoid cultures derived from patients with advanced prostate cancer. 497 
Cell. 159 (1), 176-187 (2014). 498 
7 Vlachogiannis, G. et al. Patient-derived organoids model treatment response of 499 
metastatic gastrointestinal cancers. Science. 359 (6378), 920-926 (2018). 500 
8 Cheung, K. J., Gabrielson, E., Werb, Z., Ewald, A. J. Collective invasion in breast cancer 501 
requires a conserved basal epithelial program. Cell. 155 (7), 1639-1651 (2013). 502 
9 Abou-Kheir, W. G., Hynes, P. G., Martin, P. L., Pierce, R., Kelly, K. Characterizing the 503 
contribution of stem/progenitor cells to tumorigenesis in the Pten-/-TP53-/- prostate cancer 504 
model. Stem Cells. 28 (12), 2129-2140 (2010). 505 
10 Beshiri, M. L. et al. A PDX/Organoid Biobank of Advanced Prostate Cancers Captures 506 
Genomic and Phenotypic Heterogeneity for Disease Modeling and Therapeutic Screening. 507 
Clinical Cancer Research. 24 (17), 4332-4345 (2018). 508 
11 Debnath, J., Brugge, J. S. Modelling glandular epithelial cancers in three-dimensional 509 
cultures. Nature Reviews Cancer. 5 (9), 675-688 (2005). 510 
12 Lee, S. H. et al. Tumor Evolution and Drug Response in Patient-Derived Organoid Models 511 
of Bladder Cancer. Cell. 173 (2), 515-528.e517 (2018). 512 
13 Puca, L. et al. Patient derived organoids to model rare prostate cancer phenotypes. 513 
Nature Communications. 9 (1), 2404 (2018). 514 
14 Murrow, L. M., Weber, R. J., Gartner, Z. J. Dissecting the stem cell niche with organoid 515 
models: an engineering-based approach. Development. 144 (6), 998-1007 (2017). 516 
15 Neal, J. T. et al. Organoid Modeling of the Tumor Immune Microenvironment. Cell. 175 517 
(7), 1972-1988.e1916 (2018). 518 
16 Simmons, J. K. et al. Animal Models of Bone Metastasis. Veterinary Pathology. 52 (5), 519 
827-841 (2015). 520 
17 Godebu, E. et al. PCSD1, a new patient-derived model of bone metastatic prostate 521 
cancer, is castrate-resistant in the bone-niche. Journal of Translational Medicine. 12, 275 522 
(2014). 523 
18 Keyence Corporation. <https://www.keyence.com/ss/products/microscope/bz-524 
x/products-info/imagejoint.jsp> (2019). 525 
 526 

https://www.keyence.com/ss/products/microscope/bz-x/products-info/imagejoint.jsp
https://www.keyence.com/ss/products/microscope/bz-x/products-info/imagejoint.jsp


Figure 1 Click here to access/download;Figure;JoVE Figure 1 - C Jamieson.tiff

https://www.editorialmanager.com/jove/download.aspx?id=1077814&guid=6f7368a8-25de-47f0-a1fb-eafe2a513a93&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1077814&guid=6f7368a8-25de-47f0-a1fb-eafe2a513a93&scheme=1


Figure 2 Click here to access/download;Figure;JoVE Figure 2 - C Jamieson.tiff

https://www.editorialmanager.com/jove/download.aspx?id=1077815&guid=869181b0-38f1-4470-98a4-448f809080ba&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1077815&guid=869181b0-38f1-4470-98a4-448f809080ba&scheme=1


Figure 3 Click here to access/download;Figure;JoVE60307 Revision Figure 3 - Jamieson.tiff

https://www.editorialmanager.com/jove/download.aspx?id=1077803&guid=736f69fd-12ae-44b0-8598-8c516a0e470b&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1077803&guid=736f69fd-12ae-44b0-8598-8c516a0e470b&scheme=1


Figure 4 Click here to access/download;Figure;JoVE60307 Revision Figure 4 - Jamieson.tiff

https://www.editorialmanager.com/jove/download.aspx?id=1077804&guid=04a861c2-f89a-49ee-960b-8e2739b7e7d3&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1077804&guid=04a861c2-f89a-49ee-960b-8e2739b7e7d3&scheme=1


Figure 5 Click here to access/download;Figure;JoVE60307 Revision Figure 5 - Jamieson.png

https://www.editorialmanager.com/jove/download.aspx?id=1077805&guid=97ce7ab7-9225-4909-97dd-ac8064bb2553&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1077805&guid=97ce7ab7-9225-4909-97dd-ac8064bb2553&scheme=1


Figure 6 Click here to access/download;Figure;JoVE60307 Revision Figure 6 - Jamieson.tiff

https://www.editorialmanager.com/jove/download.aspx?id=1077806&guid=a1910afe-596a-41cd-9419-8cba738da0fa&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1077806&guid=a1910afe-596a-41cd-9419-8cba738da0fa&scheme=1


Table 1

Stock Component Final Concentration Vol (mL) needed for 500 ml solution

1000 mM HEPES 10 mM 5

200 mM Glutamax 2 mM 5

100x Pen-Strep 1x 5

adDMEM/F12 +/+/+ 485
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Table 2

Stock Component Final Concentration
Vol (µL) needed for 

50 mL solution

Vol (µL) needed for 

25 mL solution

50x B27 50x Diluted 1000 500

500 mM

N-Acetylcysteine

0.5 mg/mL EGF 5 ng/mL 0.5 0.3

100 ug/mL Noggin 100 ng/mL 50 25

R-Spondin 1
10% conditioned 

medium
5000 2500

5 mM A83-01 500 nM 5 2.5

0.1 mg/mL FGF10 10 ng/mL 5 2.5

50 µg/mL FGF2 5 ng/mL 5 2.5

10 mM Prostaglandin E2 1 µM 5 2.5

1M Nicotinamide 10 mM 500 250

30 mM SB202190 10 µM 16.7 8.4

FBS 10% 5000 2500

1 µM DHT 1 nM 50 25

adDMEM/F12 +/+/+ Bring up to 50 ml Bring up to 25 mL

100 mM Y-27632 

Dihydrochloride
10 µM 5 2.5

1.25 mM 125 62.5
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Table 3

Culture Plate Seeding Density (cells)Basement Membrane Volume (μL)Medium (μL)
48 well 25,000-50,000 20 250

24 well 50,000-250,000 40 500

6 well 50,000-250,000 40 2,000
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Name of Material/ 

Equipment
Company Catalog Number

1 mL Pipettman Gilson
F123602

1 mL Syringe BD Syringe 329654

1.5 mL tube
Spectrum Lab Products 941-11326-ATP083

25G Needle BD PrecisionGlide Needle 305122

4% Paraformaldehyde (PFA) Alfa Aesar J61899

70% Ethanol (EtOH) VWR BDH1164-4LP

A83-01 Tocris Bioscience 2939

Accumax Innovative Cell Technologies, Inc. AM105

adDMEM Life Technologies 12634010

Agarose Lonza 50000

Antibody -for Cytokeratin 5 Biolegend 905901

Antibody for Cytokeratin 8 Biolegend 904801

B27 Life Technologies 17504044

Bioluminescence imaging 

system, IVIS 200
Perkin Elmer Inc IVIS 200

Cell Culture Plate - 24 well Costar 3524

Cell Culture Plate - 48 well Costar 3548

Cell Culture Plate - 6 well Costar 3516

Cell Dissociation Solution, 

Accumax
Innovative Cell Technologies, Inc. AM105

Cell Recovery Solution Corning 354253

Cell Scraper Sarstedt 83.180

Cell Strainer Falcon (Corning) 352350

CO2 incubator Fisher Scientific 3546

DAPI Vector Vectashield H-1200

DHT Sigma-Aldrich D-073-1ML

dPBS Corning/Cellgro 21-031-CV

EGF PeproTech AF-100-15 

FBS Gemini Bio-Products 100-106

FGF10 PeproTech 100-26

FGF2 PeproTech 100-18B 

Forceps Denville Scientific S728696

Glutamax Gibco 35050-061

HEPES Gibco 15630-080

LS Columns Miltenyi 130-0420401

Magnetic Column Seperator: 

QuadroMACS Separator
Miltenyi 130-090-976

Marker VWR 52877-355

Matrigel (Growth Factor 

Reduced) 
Mediatech Inc. (Corning)

356231
Matrigel (High 

Concentration)
BD (Fisher Scientific) 

CB354248

Microscope Imaging 

Software, Keyence
BZ-X800 (newest software) BZ-X700 (old software)

Microscope, Keyence BZ-X700 (model 2016-2017)/BZ-X710 (model 2018-2019)

Mouse Cell Depletion Kit Miltenyi
130-104-694

N-Acetylcysteine Sigma-Aldrich A9165-5G

Nicotinamide Sigma-Aldrich N0636-100G

Noggin PeproTech 120-10C

OCT Compound Tissue-Tek 4583

Parafilm American National Can N/A

Pen-Strep Mediatech Inc. (Corning) 30-002-CI-1

Pipette tipes for 1 mL (Blue 

Tips)
Fisherbrand Redi-Tip 21-197-85

Plunger (from 3 mL syringe) BD Syringe 309657

Prostaglandin E2 Tocris Bioscience 2296

R-Spondin 1 Trevigen 3710-001-01

SB2021190 Sigma-Aldrich S7076-25MG

Small Table Top Centrifuge ThermoFisher Scientific 75002426

Water Bath Fisher Sci 2320

Y-27632 Dihydrochloride Abmole Bioscience M1817
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Title of Article: 

Author(s):  

Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access  Open Access

Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee.

 The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee. 

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole; 
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation 
of the Materials; “JoVE” means MyJove Corporation, a
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear. 
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video.
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any 
or all of the above. The foregoing rights may be exercised in 
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

Three-Dimensional (3D) organoids from patient tumor specimens and patient-derived 

xenografts of bone metastatic prostate cancer and its applications
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or 
teaching classes, and to post a copy of the Article on the 
Institution’s website or the Author’s personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE’s copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author. 
5. Grant of Rights in Video – Standard Access. This 
Section 5 applies if the “Standard Access” box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, Subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE. 
6. Grant of Rights in Video – Open Access. This 
Section 6 applies only if the “Open Access” box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats. 
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the 
Video as provided in, but subject to all limitations and 
requirements set forth in, the CRC License. 
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 

rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 
deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 
8. Protection of the Work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author’s name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws. 
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author’s 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
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1 Alewife Center, Suite 200, Cambridge, MA 02140 
 
Re: Revisions required for your JoVE submission JoVE60367 

 

Response to Editorial Comments  

1. Please take this opportunity to thoroughly proofread the manuscript to  
  ensure that there are no spelling or grammar issues. The JoVE editor  
  will not copy-edit your manuscript and any errors in the submitted  
  revision may be present in the published version.  
  We proofread our manuscript to avoid spelling or grammar issues.    
 

2. Please provide the emails and affiliations for each author in the written  
  manuscript.  
  Our revised manuscript includes the emails and affiliations for each  
  author.  
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		 Michelle	T.	Muldong1,2,	Catalina	Arreola1,2,	Christina	N.	Wu2,3,		
		 Nicholas	A.	Cacalano4,	Anna	A.	Kulidjian2,5,	Christopher	J.	Kane1,2,		
		 Christina	A.M.	Jamieson1,2,6	

		 1Department	of	Urology,	University	of	California,	San	Diego,	La	Jolla,		
		 CA,	USA	
		 2Moores	Cancer	Center,	University	of	California,	San	Diego,	La	Jolla,		
		 CA,	USA	
		 3Department	of	Medicine,	University	of	California,	San	Diego,	La	Jolla,		
		 CA,	USA	
		 4Department	of	Radiation	Oncology,	University	of	California,	Los			
		 Angeles,	Los	Angeles,	CA,	USA	
		 5Department	of	Orthopedic	Surgery,	University	of	California,	San		
		 Diego,	La	Jolla,	CA,	USA	

		 	 	 	 	6Correspondence	to	Dr.	Christina	Jamieson,	camjamieson@ucsd.edu,		
		 	 	 	 	(Tel)	858-534-2921	

		 	 	 	 	E-mail	address	for	each	author,	
		 	 	 	 	Sanghee	Lee,	salee@ucsd.edu	
		 	 	 	 	Danielle	N.	Burner,	danielleburner@gmail.com	
		 	 	 	 	Theresa	R.	Mendoza,	Theresa.emndoza09@gmail.com	
		 	 	 	 	Michelle	T.	Muldong,	mmuldong@ucsd.edu	
		 	 	 	 	Catalina	Arreola,	caarreol@ucsd.edu	
		 	 	 	 	Christina	N.	Wu,	c5wu@ucsd.edu	
		 	 	 	 	Nicholas	A.	Cacalano,	ncacalano@yahoo.com	

Revision Details Letter Click here to access/download;Rebuttal Letter;JoVE60307
Revision Details - Jamieson.pdf

https://www.editorialmanager.com/jove/download.aspx?id=1077807&guid=bc422cad-e419-421e-812d-9f5b9eaf4378&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1077807&guid=bc422cad-e419-421e-812d-9f5b9eaf4378&scheme=1


		 	 	 	 		
		 	 	 	 	Anna	A.	Kulidjian,	akulidjian@ucsd.edu	

														Christopher	J.	Kane,	ckane@ucsd.edu	
														Christina	A.M.	Jamieson,	camjamieson@ucsd.edu	

3. Please rephrase the Summary to clearly describe the protocol and its 
  applications in complete sentences between 10-50 words: “Here, we 
  present a protocol to…” 
  Revised as following (Line 529).  
 
  Here, we present a protocol to establish, image and process cultured 
  3D organoid with detailed tips for successful completion of the  
  desired procedures.  
 

4. 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 reference in the Table of 
  Materials and Reagents.  
  Revised accordingly as following in a revised manuscript.  
   line 139 and 162, QuadroMACSTM  
  line 143, Accumax Cell Dissociation Solution (Stem Cell  
  Technologies) 
  line 267, Keyence microscope 
  line 277 and 355, BZ-X800  
   
  Revision above was also reflected to the Table for Materials and  
  Reagents.  
 

5. Please include an ethics statement before your numbered protocol steps, 
  indicating that the protocol follows the animal care guidelines of your 
  institution.  
  Revised as following (Line 106); This study was carried out in strict  
  accordance with the recommendations in the Guide for the  
  University of California San Diego (UCSD) Institutional Review 
  Board (IRB). IRB#090401 Approval was received from the UCSD 
  institutional review board (IRB) to collect surgical specimens from 
  patients for research purposes. An informed consent was obtained 
  from each patient and a surgical specimen from fractured bone  
  having prostate cancer metastasis was harvested and processed.  

     All animal protocols were performed under a University of  
     California San Diego (UCSD) animal welfare and Institutional  
     Animal Care and Use Committee (IACUC) approved protocol  
     #S10298. Harvest and processed patient tumor cells were intra- 
     femorally injected in 6 to 8 week old male Rag2-/-;γc

-/- mice as  
     previously described. Tumor volume was determined using an in  
     vivo bioluminescence imaging system and caliper measurement.  
     Upon tumor growth up to 2.0 cm (the maximal allowable size  
     approved by IACUC), the tumor was harvested for 3D organoids  
     establishment.  
 



 
 
 
 

6. Please convert centrifuge speeds to centrifugal force (x g) intead of  
  revolutions per minutes (rpm).  
  Revised accordingly (line 135, line 188, line 322, line 328, line 333,  
  line 336, line 315). 
 

7. The protocol should be made up almost entirely of discrete steps  
  without large paragraphs of text between sections. Please simplify the 
   Protocol so that individual steps contain only 2-3 actions per step and a  
  maximum of 4 sentences per step.  
  Our original version of protocol contained only 2-3 actions per step  
  unless an additional note were written to share tips specifically 
  applicable to each step.   
  In our revised version, some of the previously written notes were   
  moved to Discussion to fulfil both request #7 and #14 shown as 
  following.  
 
  Removed from line 134 and the edited sentences added to line 444; 
  After a one-time process of filtering the tumor tissue suspension, the  
  left over tissue should be processed again by taking the filtered  
  through supernatant from the bottom of the 50 ml conical tube  
  back and pushed back through the 70 µm cell strainer with the  
  tumor tissue for a repeated suspension.  
 
  Removed from line 195 and added to line 449;  
  In general, the establishment of 3D organoids from patient primary  
  tumor tissue is less successful than the establishment of 3D  
  organoids from PDX tumor tissue. Therefore, it is recommended to  
  have a higher seeding density (up to four times higher) of cells for  
  the establishment of 3D organoids from patient primary tumor  
  tissues than from PDX tumors.  
 
 
  Removed from line 207 and edited sentences added to line 485;  
  For all three different methods, this protocol recommends using the  
  lower volume of media and the higher volume of Matrigel for the   
  resuspension process because the domes will last longer in culture. 

      A dome is formed with a 1:4 ratio of media and Matrigel. Of note,  
     this method increases the formation of bubbles while   
     pipetting the cell suspension up and down since the added 
     volume of media does not circumvent the viscosity of Matrigel.  
     Therefore, it is recommended to set up 1.5 ml tubes such that there  
     is one cell pellet per each dome instead of having one cell pellet for  
     several domes in one 1.5 ml tube. In doing so, the formation of   
     bubbles in one tube for one dome will not serially affect the 
     other domes.  
 
 
     Liquid status of commercially available Matrigel is often variable.  
     Therefore, new batches of Matrigel need to be tested for the doming  



     
 

  process. If the Matrigel is more viscous than usual, then up to 
  additional 10 µl of adDMEM complete media (details written in 
  protocol 1) can be added to dilute the mixture of cell pellet and 
  matrigel.  
 
  Removed from line 205 and edited sentences added to line 437,   
  To minimize bubble formation during the pipetting  
  process, it is recommended to pipette up a lower 
  volume than the actual volume of cells, media and Matrigel mixture.  
  For example, to dome in 24 well plate, 40 µl of Matrigel and up to   
  10 µl of adDMEM complete media is mixed with the cell pellet.  
  In this case, the pipette can be set to handle a volume of 40 µl  
  instead of 50 µl while pipetting up and down in 
  order to minimize bubble formation. If the duration of culture  
  condition is previously optimized and known to be short (up to a 
  month), Matrigel can be diluted more to circumvent a viscosity  
  issue of the Matrigel. For this second method, cell pellet  
  resuspension for several wells can be prepared in one tube to   
  minimize cell loss and variability.  
   

8. Please add more details to your protocol steps. 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.  
  Revised accordingly.  
 

9. The preparation of the material steps can be removed or please refer to  
  the Table of Materials.  
  The preparation of the material steps was removed from line 127,  
  260 and line 319. 
 

10. What is the age/gender/strain of the mouse used?  
  Revised as following in line 113;  
   Harvested and processed patient tumor cells were intra-femorally  
  injected in 6 to 8 week old male Rag2-/-;γc

-/- mice as previously  
  described.  
 

11. 1.2.d: The units of the cell strainer are wrong.  
  Revised accordingly in line 132, line 133 and line 447.  

 
 
 
 
 
 
 
 
 
 



 
 
 
 
 

12. 1.2.4: Wash with what volume of media.  
  Revised accordingly.  
 
  In line 166, following statements were added;  
 As shown in Table 3, we aim to provide a protocol applicable to  
  different culture conditions. Volume of media for washing step  
  should be matched with volume of media suggested in Table 3. For  
  example, for a 24 well plate culture condition, the volume for the  
  wash should be 500 µl.  
 

13. Please specify the volumes of all washes and resuspensions.  
  Revised accordingly.   
 

14. Please discuss limitations and critical steps on the protocol in the  
  discussion.  
  Revised accordingly as following;  
 
  After a one-time process of filtering the tumor tissue suspension, the  
  left over tissue should be processed again by taking the filtered  
  through supernatant from the bottom of the 50 ml conical tube back  
  and pushed back through the 70 µm cell strainer with the tumor  
  tissue for a repeated suspension. 
 
  In general, the establishment of 3D organoids from patient primary  
  tumor tissue is less successful than the establishment of 3D  
  organoids from PDX tumor tissue. Therefore, it is recommended to  
  have a higher seeding density (up to four times higher) of cells for  
  the establishment of 3D organoids from patient primary tumor  
  tissues than from PDX tumors.  
 
  For all three different methods, this protocol recommends using the  
  lower volume of media and the higher volume of Matrigel for the   
  resuspension process because the domes will last longer in culture. 
  A dome is formed with a 1:4 ratio of media and Matrigel. Of note,  

     this method increases the formation of bubbles while higher chance  
     pipetting the cell suspension up and down since the added volume of  
     media does not circumvent the viscosity of Matrigel.  
       Therefore, it is recommended to set up 1.5 ml  
     tubes such that there is one cell pellet per each dome instead of  
     having one cell pellet for several domes in one 1.5 ml tube. In doing  
     so, the formation of bubbles in one tube for one  
     dome will not serially affect the other domes. If the duration of the   
     culture condition has been previously optimized and is known to be  
     short (up to a month), Matrigel can be diluted more to circumvent a  
     viscosity issue of Matrigel. Cell pellet resuspension for several wells  
     can be prepared in one tube, utilizing a higher volume of media to  
     desired volume of Matrigel to minimize cell loss and variability.  
 



 
 
 
 
  Liquid status of commercially available matrigel is often variable.  
  Therefore, new batches of matrigel need to be tested for the doming 
  process. If the matrigel is more viscous than usual, then up to 
  additional 10 µl of adDMEM complete media (details written in 
  protocol 1) can be added to dilute the mixture of cell pellet and 
  matrigel.   
 

15. Please do not abbreviate journal titles in the References.  
  Revised accordingly.  
 

16. Please provide scale bars for all microscope images.  
  Revised accordingly. 
 

17. Figure 3: Please use the SI abbreviation for minutes (min).  
  Revised accordingly. 
 

18. All tables should be uploaded separately to your Editorial Manager  
  account in the form of an .xls or xlsx file.  
  Revised accordingly. 
 

19. Please obtain explicit copyright permission to reuse any figures from a  
  previous publication. Explicit permission can be expressed in the form  
  of a letter from the editor or a link to the editorial policy that allows 
  re-prints. Please upload this information as a .doc or docx. file to your 
  Editorial Manager account. The Figure must be cited appropriately in 
  the Figure Legend, i.e. “This figure has been modified from [citation].” 
  None of figures in our manuscript has previously been published.   
  Tables were obtained from previous publication as written in  
  our original and revised manuscript and shared with readers  
  for convenience. ‘Copyright Permission Letter’ is submitted for 
  Tables. For table legends for Table 1, 2 and 3, a following statement 
  was added in a revised manuscript.  
    
Response to Reviewer #1’ Comments  

 

1. One question is raised by the fact that it is not clear why this protocol  
      should be applied only to bone metastatic prostate tumors since it looks  
      like just a good example of trying to culture organoids from limited  
      amount of starting material. I would suggest revising the title to increase 
      the applicability of the methods to different types of metastatic sites  
      (specifying the amount of material used as a starting). Otherwise why 
      the protocol is applicable only to bone? Authors should explain that in  
      details.  
       Our manuscript is submitted to JoVE Methods Collection, which  
       aims to introduce several manuscripts to describe the establishment  
       of 3D orgsion in our revised manuscript line 497;  
       Culture media for 3D organoids introduced in our manuscript 



        is specifically for prostate-derived cells. However, other details  
   described in our protocol are applicable to different types of tumor  
   tissues and metastatic sites.  
 

2. Author should clarify why FBS is needed in their culture since it will 
  allow the growth of non-tumor cells (example fibroblasts). How the 
  author eliminates non-tumor cells from the culture? 
  Our group recently determined that serum supplementation  
  can help support 3D organoid growth. For 3D organoid cultures  
  from tumor specimens, we do not aim to selectively culture a pure  
  population of tumor cells but rather to support tumor growth with  
  the patient-derived microenvironment cells as well. However, as  
  previously published by J Drost et al, culture media used for our  
  protocol is most effective for human prostate-derived epithelial  
  tumor cells. In parallel, our goal for the establishment of 3D  
  organoids from bone metastatic prostate cancer is to provide   
  culture conditions for heterogeneous tumor cells to  
  be able to retain their properties as closely as possible to their in  
  vivo condition. In vivo, tumor cells require interaction with non- 
  tumor cells of the microenvironment.  

The statement regarding FBS supplementation was revised (line 
451) to the following: 
In other words, the culture conditions described here which were 
adapted from Drost et al and modified to have FBS serum 
supplementation have been shown to be optimal for the cultures of 
patient prostate cancer bone metastasis-derived cells so that they 
can survive, grow and also retain their heterogeneity (manuscript in 
prepration).  

3. How the authors check that they have in culture is really tumor from a  
 bone metastasis? And no other cell types? Any test on the tumors to  
 include in the protocols?  
 As written above in response to Reviewer #1’s comment 2, there   
 can be other cell types. During culture, we do not aim to selectively  
 culture pure population of tumor cells for organoids growth.  
 However, after termination of experiment, we can perform IFC to  
 characterize heterogeneous population of cells using different cell  
 markers.  
 

4. Page 2 line 101 it looks like the protocol is just for organoids derived  
         from PDX since a Mouse Cell Depletion Kit is mentioned. Please  
       specify that this protocol is for tumor coming from mouse at the  
       beginning of the paragraph.  
       Revised accordingly in line 123,  
       for tumor derived from a xenograft mouse model  
 

5. Is the protocol explained from line 189 the one to be used for Imaging?  
    Please specify if the two paragraphs are connected.  
    Each protocol to be used for each figure was labelled with ‘Figure #’ in  
    our original and revised manuscript. Protocols which will be video  
    filmed were yellow highlighted in response to a request by JoVE  



    editorial team.  
 

6. Literature references for prostate organoids establishment and  
    applications are missing as Vela et al, 2014 and Puca et al., 2018.  

            Revised accordingly.  
 

7. Page 4 line 186 please remove the word “either” 
  Revised accordingly.  
 

8. Authors should clarify what they are referring to when they talk about  
  “beads”  
  Following sentence was added to our revised manuscript (line 259); 
  NOTE: This protocol is named as floating beads since the  
  mixture of Matrigel, media and organoids looks like a bead.  
 
Response to Reviewer #2’ Comments  
 

1. When plating the organoids Line 157:  
  “(NOTE: For this process, it is recommended to set up 1.5 ml tubes such 
  that there is one cell pellet per each dome instead of having one cell  
  pellet for several domes in one 1.5 ml tube. In this way, cell loss is  
  minimized and cell density between domes is uniform when plating.)” 
  This rather seems to induce more variability akin to making a separate 
  master mix for each qPCR well. The viscosity of the Matrigel is the  
  main factor in creating seeding variability. However, by diluting the  
  Matrigel to 70% with medium this can be circumvented.  
  a. We prefer to use the lower volume of media and higher Matrigel  
      for resuspension process because the domes last longer in culture. 
      A dome formed with ratio less than 1:4 media:Matrigel   
      shows slower de-polymerization and degradation in culture for  
      long term cultures.  
 
  b. We recommend preparing the mix for each dome individually   
      rather than from a common stock. This is to avoid bubbles that  
      would arise from successive resuspension if a master mix of  
      Matrigel + cells were to be used.  Unlike qPCR, an exponential  
      amplification reaction, this is a more accurate way to prepare the  
      cells + Matrigel which is highly viscous. 
	
		 Original	statement	was	removed	from	line	157	and	then	revised		
		 and	added	to	Discussion	in	response	to	Editorial	request.		
		 For	all	three	different	methods,	this	protocol	recommends	using	the		
		 lower	volume	of	media	and	the	higher	volume	of	Matrigel	for	the			

		 		 	 	resuspension	process	because	the	domes	will	last	longer	in	culture.	
		 		 	 	A	dome	is	formed	with	a	1:4	ratio	of	media	and	Matrigel.	Of	note,		
		 		 	 		this	method	increases	the	formation	of	bubbles	while	pipetting	the		
		 		 	 		cell	suspension	up	and	down	since	the	added	volume	of	media		
		 		 	 		does	not	circumvent	the	viscosity	of	Matrigel.		
		 		 	 		Therefore,	it	is	recommended	to	set	up	1.5	ml	tubes	such	that	there		
		 		 	 		is	one	cell	pellet	per	each	dome	instead	of	having	one	cell	pellet	for		
		 		 	 		several	domes	in	one	1.5	ml	tube.	In	doing	so,	the	formation	of		
		 		 	 		bubbles	in	one	tube	for	one	dome	will	not	serially	affect		



		 		 	 		the	other	domes.	If	the	duration	of	the	culture	condition	has	been		
		 		 	 		previously	optimized	and	is	known	to	be	short	(up	to	a	month),		
		 		 	 		Matrigel	can	be	diluted	more	to	circumvent	a	viscosity	issue	of		
		 		 	 		Matrigel.	Cell	pellet	resuspension	for	several	wells	can	be	prepared	in			
		 		 	 		one	tube,	utilizing	a	higher	volume	of	media	to	desired	volume	of	
		 	 	 		Matrigel	to	minimize	cell	loss	and	variability.		
	
		 		 	 		To	minimize	bubble	formation	during	the	pipetting	process,	it	is		
		 	 	 		recommended	to	set	up	the	pipette	up	a			
		 		 	 		lower	volume	than	the	actual	volume	of	the	cells,	media	and		
		 		 	 		Matrigel	mixture	For	example,	for	a	dome	within	24	well	plates,	40	µl		

		 	of	Matrigel	and	up	to	10	µl	of	adDMEM	complete	media	are	mixed		
		 	with	cell	pellet.	In	this	case,	the	pipette	can	be	set	to	handle	a		
		 	volume	of	40	µl	instead	of	50	µl	while	pipetting	up	and	down	in	order	
		 	to	minimize	bubble	formation.	If	the	duration	of	culture	of	culture		
		 	condition	is	previously	optimized	and	known	to	be	short	(up	to	a	
		 	month),	Matrigel	can	be	diluted	more	to	circumvent	a	viscosity	issue		
		 	the	Matrigel.	For	this	second	method,	cell	pellet	resuspension	for	
		 	several	wells	can	be	prepared	in	one	tube	to	minimize	cell	loss	and	
		 	variability.		
	

2. In the image analysis is it possible to see the difference between dying  
  cells that blow up with big vacuoles and cysts?  
  We have not tried to determine dying cells in the image. We have 
  optimized a condition for IFC staining with specific markers.  
 

3. This is the biggest point of critique. 
  They show different ways to plate Matrigel discs and domes, attached or  
  unattached, which is fine. However, the discussion of when you would  
  use each of these techniques and the pros and cons of each is largely  
  absent. A couple of examples are given in the discussion but this needs  
  to be much more complete as this comprises a large proportion of the  
   protocol presented. For instance, there are a couple different ways to  
  plate floating domes, why use one or the other? As one is clearly much 
  easier than the other.  
      
  Following sentences were added to line 477;  
  In addition, both types of floating domes can be easily transferred  
  from one well to the another, making them suitable for co-culture  
  with adherent cells after setting up 3D organoids cultures and the  
  adherent cells in the separate wells. Attached dome and floating  
  dome released from being attached have shown to retain organoids  
  for up to 10 weeks. Interestingly, a floating dome from 
  floating beads method has shown to retain organoids for up to 4  
  months. Floating beads method introduced in our protocol involves  
  more steps and skills but can be considered for a long-term culture.  
   In parallel, despite their use to establish 3D organoids from  
   different tumors and metastasis, the role of doming method and 
   Matrigel shape on organoids formation have not been deeply  

        determined. In that sense, floating beads method can be considered  
    



  for use when the two other methods have been unsuccessful.  
 

4. Line 7: its should be their  
   We thank for your suggestion. In our revised version of manuscript,  
   we revised a title so that this is not applicable to a current version of  
  title.  
 

5. Line 173: typo (Issue instead of Tissue) 
  Revised accordingly  

6. Line 265: Some comments from other authors during manuscript  
  preparation phase remain.  
  Revised accordingly 

  
 We truly appreciate the careful consideration to give us an opportunity to 
publish or manuscript JoVE60307 in JoVE Methods Collection. If you have any 
questions and further request, please let us know. 

 

Sincerely,  

 

Christina A.M. Jamieson, Ph.D	
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