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Dear Editor, 

 

We should like to submit our manuscript entitled “Culture, manipulation and orthotopic 

transplantation of mouse bladder tumor organoids” for your consideration. We have 

previously discussed regarding this manuscript with Dr. Stephanie Weldon, who 

expressed an interest in reading it.  

 

This work builds on one of our recent papers (Kim et al., eLife 8, 

doi:10.7554/eLife.43024, 2019), in which we used bladder tumor organoids, in 

combination with chemical carcinogen-induced murine bladder cancer model, to 

elucidate the molecular basis for the cancer-restraining effect of the Hedgehog pathway 

activity. In the current manuscript, we provide the detailed experimental steps to establish 

in vitro three dimensional culture of bladder tumor organoids which is derived from the 

carcinogen-induced mouse bladder cancer. Culture methods including passaging, genetic 

engineering and orthotopic transplantation of tumor organoids are described in this 

manuscript. We feel that our work will be of interest to a wide variety of scientists and to 

the readership of JoVE because of its relevance to basic methodology.  

 

Thank you for your consideration. 

 

Yours sincerely, 

 

Kunyoo Shin 
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SUMMARY: 24 
This protocol provides detailed experimental steps to establish a three-dimensional in vitro 25 
culture of bladder tumor organoids derived from carcinogen-induced murine bladder cancer. 26 
Culture methods including passaging, genetic engineering, and orthotopic transplantation of 27 
tumor organoids are described. 28 
 29 
ABSTRACT: 30 
The development of advanced tumor models has long been encouraged because current cancer 31 
models have shown limitations such as lack of three-dimensional (3D) tumor architecture and 32 
low relevance to human cancer. Researchers have recently developed a 3D in vitro cancer model 33 
referred to as tumor organoids that can mimic the characteristics of a native tumor in a culture 34 
dish. Here, experimental procedures are described in detail for the establishment of bladder 35 
tumor organoids from a carcinogen-induced murine bladder tumor, including culture, passage, 36 
and maintenance of the resulting 3D tumor organoids in vitro. In addition, protocols to 37 
manipulate the established bladder tumor organoid lines for genetic engineering using lentivirus-38 
mediated transduction are described, including optimized conditions for the efficient 39 
introduction of new genetic elements into tumor organoids. Finally, the procedure for orthotopic 40 
transplantation of bladder tumor organoids into the wall of the murine bladder for further 41 
analysis is laid out. The methods described in this article can facilitate the establishment of an in 42 
vitro model for bladder cancer for the development of better therapeutic options. 43 
 44 
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INTRODUCTION: 45 
Bladder cancer is the most prevalent urinary tract cancer, with approximately 165,000 patients 46 
dying annually1. Among the various types of bladder cancer, muscle-invasive urothelial 47 
carcinoma exhibits an aggressive phenotype, and its 5-year survival rate is lower than 50%2. Novel 48 
therapeutic options for invasive urothelial tumors have not been expanded over the last few 49 
decades1. 50 
 51 
Cancer cell lines have been extensively used for drug screening3. Although favorable results have 52 
been observed in numerous drug candidates in cancer cell lines, poor results are reported in 53 
clinical trials4. Following increased adaptation to in vitro two-dimensional (2D) culture 54 
environments, it has become increasingly difficult to recapitulate native tumors in cell lines. 55 
Animal cancer models or patient-derived tumor xenografts can be used to address the limitations 56 
observed in bladder cancer cell lines. However, animal cancer models are time and resource 57 
intensive. Therefore, improved disease models have been on demand for years and a novel 58 
model system, organoids, has been developed to overcome the shortcomings of existing models5. 59 
 60 
An organoid is a multicellular 3D construct that can recapitulate in vitro the physiological 61 
characteristics of its corresponding in vivo organ. Normal and tumor organoids can be derived 62 
from either pluripotent or adult stem cells, and primary tumor cells, respectively5,6. Over the last 63 
several years, tumor organoids have been established from a large number of diverse tumor 64 
tissues7, including colon8,9, bladder10, pancreas11,12, prostate13, liver14, and breast15 tumor tissues. 65 
Such tumor organoids mimic their original tumors phenotypically and genetically. Due to their 66 
similarity to in vivo tumor tissues and their numerous practical applications, researchers have 67 
adopted them as novel disease models in the study of cancer pathogenesis. 68 
 69 
Here, the procedures for the establishment of tumor organoids from a carcinogen-induced 70 
murine invasive urothelial tumor16 are laid out. N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN) is 71 
used as a carcinogen to induce invasive urothelial carcinoma in mice17 and the tumor organoids, 72 
which exhibit the pathological characteristics of mouse muscle-invasive bladder tumors, are 73 
established from the BBN-induced murine bladder cancer16. The method to genetically 74 
manipulate the tumor organoids is illustrated using lentivirus-mediated transduction to develop 75 
a model system for studying the molecular basis of the development of bladder cancer. In 76 
addition, a method for transplanting organoids orthotopically into a bladder to investigate the 77 
role of the native bladder environment in bladder cancer is described.  78 
 79 
PROTOCOL: 80 
All procedures were approved and conducted under the guidelines of the Institutional Animal 81 
Care and Use Committee at POSTECH (IACUC number: POSTECH-2019-0055). 82 
 83 
1. In vitro culture of bladder tumor organoids 84 
 85 
1.1. Establish bladder tumor organoids from the murine bladder tumor (Figure 1A). 86 
 87 
NOTE: The procedure for generating BBN-induced mouse bladder tumors is outlined in Shin et 88 



 

 
 

al.17. 89 
 90 
1.1.1. Provide 0.1% BBN-containing water in a dark bottle to mouse ad libitum for 6 months. 91 
Change BBN-containing water 2x a week.  92 
 93 
NOTE: A C57BL/6 male mouse with a body weight of approximately 25 g at 8–10 weeks of age 94 
was used. BBN-containing water can be administered to up to five mice in a single cage. 95 
 96 
1.1.2. After 6 months, euthanize the mouse using carbon dioxide inhalation and isolate the entire 97 
bladder tumor. Transfer it to a 90 mm Petri dish. 98 
 99 
1.1.3. Remove non-cancerous parts and necrotic regions using sterile surgical scissors and wash 100 
the bladder tumor fragments 2–3 times with cold 1x Dulbecco’s phosphate-buffered saline 101 
(DPBS). Collect the fragments and transfer them to a new 90 mm Petri dish. 102 
 103 
1.1.4. Add 1 mL of Dulbecco’s modified minimum essential medium (DMEM) with 10 mM 4-(2-104 
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES). 105 
 106 
1.1.5. Mince the tumor tissue into pieces as small as possible (0.5–1 mm3) using a sterilized razor 107 
blade. 108 
 109 
1.1.6. Add 9 mL of DMEM with 10 mM HEPES, 250 µg/mL collagenase type I, 250 µg/mL 110 
collagenase type II, and 250 U/mL thermolysin. Incubate the minced tumor tissue for 1.5–2 h on 111 
an orbital shaker in an incubator (37 °C, 5% CO2) to dissociate the fragments into the cell 112 
suspension. Transfer the cell suspension into a 50 mL tube. 113 
 114 
NOTE: If the size of tumor harvested from the mouse is greater than 1 cm3, treat it with 2x the 115 
amount of thermolysin or increase the incubation time. 116 
 117 
1.1.7. Centrifuge the tube at 400 x g for 5 min at 4 °C and aspirate the supernatant. 118 
 119 
1.1.8. Resuspend the pellet using 5 mL of ammonium-chloride-potassium (ACK) lysing buffer to 120 
lyse any red blood cells. Incubate the tube for 3–5 min at room temperature (RT) until the 121 
complete lysis of red blood cells. 122 
 123 
NOTE: If the red blood cells are not observed, omit the lysing process. 124 
 125 
1.1.9. Add 20 mL of DMEM into the tube. Centrifuge the tube at 400 x g for 5 min at 4 °C and 126 
aspirate the supernatant.  127 
 128 
1.1.10. Resuspend the pellet with 1 mL of 0.25% Trypsin-EDTA and 10 µM Y-27632 129 
dihydrochloride (Y-27632) to dissociate the pellet into single cells. Incubate the tube for 5 min in 130 
a 37 °C water bath. 131 
 132 



 

 
 

NOTE: Observe the tumor under a microscope to confirm complete dissociation into single cells. 133 
If chunks of cells persist, pipette the suspension further. 134 
 135 
1.1.11. Neutralize trypsin using 10 mL of DMEM with 10% fetal bovine serum (FBS). Filter the cell 136 
suspension through a 100 µm cell strainer on a new 50 mL tube to remove the undigested debris. 137 
 138 
1.1.12. Centrifuge the tube at 400 x g for 5 min at 4 °C and aspirate the supernatant. 139 
 140 
1.1.13. Coat a well in a 24 well plate using 150 µL of ice-cold growth factor reduced basement 141 
membrane matrix (Table of Materials) and place the 24 well plate in an incubator (37 °C, 5% CO2) 142 
for 30 min to solidify the basement membrane matrix. 143 
 144 
NOTE: Thaw and maintain the basement membrane matrix at 4 °C to prevent solidification before 145 
use. 146 
 147 
1.1.14. Resuspend the pellet using 1 mL of DMEM and count the cells using a hemocytometer. 148 
Transfer 3–4 x 104 tumor cells into a 1.5 mL microtube on ice. 149 
 150 
1.1.15. Centrifuge the microtube at 400 x g for 3 min at 4 °C and carefully discard the supernatant.  151 
 152 
1.1.16. Resuspend the cells with 500 µL of prewarmed organoid medium (Table 1) and 10 µM Y-153 
27632 and transfer them into the coated well. Place the 24 well plate in an incubator (37 °C, 5% 154 
CO2). 155 
 156 
1.1.17. Extra bladder tumor cells can be stocked with 1 mL of DMEM containing 10% FBS, 1% 157 
penicillin/streptomycin, and 10% dimethyl sulfoxide (DMSO) in 1.5 mL cryovials. Place them in a 158 
cryovial freezing container and transfer the container to a -80 °C freezer. After storage in the 159 
freezer overnight, transfer the cryovials into liquid nitrogen for long-term storage. 160 
 161 
1.1.18. Change the medium every 2 days using 500 µL of prewarmed organoid medium (Figure 162 
1B). 163 
 164 
1.2. Subculture bladder tumor organoids. 165 
 166 
NOTE: Passage of bladder tumor organoids when they reach 100–150 µm in diameter is 167 
recommended. 168 
 169 
1.2.1. Add 500 µL of collagenase/dispase to the organoid medium in the 24 well plate with tumor 170 
organoids. Pipette up and down the basement membrane matrix and the medium. Incubate for 171 
20 min at 37 °C and harvest the cells into a 15 mL tube. 172 
 173 
NOTE: Examine the organoids isolated from the basement membrane matrix under a microscope. 174 
If the organoids are not detached from the basement membrane matrix, increase the incubation 175 
time or pipette more times. 176 



 

 
 

 177 
1.2.2. Add 5 mL of prewarmed DMEM, centrifuge the tube at 400 x g for 3 min at 4 °C, and 178 
aspirate the supernatant. 179 
 180 
1.2.3. Resuspend the pellet using 1 mL of prewarmed 0.25% trypsin-EDTA and 10 µM Y-27632. 181 
Incubate for 5 min in a 37 °C water bath. Vigorously pipette the cells up and down and neutralize 182 
the trypsin using 5 mL of DMEM with 10% FBS. 183 
 184 
1.2.4. Centrifuge the tube at 400 x g for 3 min at 4 °C and aspirate the supernatant.  185 
 186 
1.2.5. Resuspend the pellet using 1 mL of prewarmed organoid medium and count the number 187 
of single tumor cells.  188 
 189 
1.2.6. Repeat steps 1.1.14−1.1.18.  190 
 191 
2. Genetic manipulation of bladder tumor organoids using lentivirus-mediated transduction 192 
(Figure 2A) 193 
 194 
2.1. Produce the GFP-expressing lentiviral particles. 195 
 196 
2.1.1. On day 0, plate HEK 293T cells at a density of 5–6 x 106 cells per 10 cm cell culture plate in 197 
cell line culture medium (i.e., DMEM with 10% FBS and 1% penicillin/streptomycin).  198 
 199 
2.1.2. On day 1, prepare the DNA transfection solution including transfer plasmid containing GFP 200 
(8 µg), lentiviral packaging plasmid (10 µg of pCMVR 8.74 and 3 µg of pMD2.G), and 1 mL of 201 
reduced serum medium (Table of Materials). 202 
 203 
2.1.3. Add 3 µL of transfection reagent (Table of Materials) per 1 µg of total plasmid according 204 
to the manufacturer’s instructions and mix gently by pipetting. Incubate for 20 min at RT and add 205 
9 mL of DMEM with 10% FBS. 206 
 207 
2.1.4. Aspirate the culture medium in the cell culture plate with HEK 293T cells. Carefully transfer 208 
10 mL of the DNA transfection solution onto the HEK 293T cells and incubate in a cell culture 209 
incubator at 37 °C. 210 
 211 
2.1.5. On day 3, observe the cells under a fluorescence microscope (excitation at 488 nm and 212 
emission at 512 nm) to determine the transfection efficiency. Almost 90%–100% of the cells in 213 
the entire cell population should express GFP. 214 
 215 
2.1.6. Collect the supernatant (containing the virus) and filtrate the supernatant with a 0.45 µm 216 
polyethersulfone (PES) filter.  217 
 218 
NOTE: Use a low protein-binding filter such as a PES filter. 219 
 220 



 

 
 

2.1.7. To concentrate the virus, centrifuge the virus supernatant at 98,768 x g in an 221 
ultracentrifuge for 2 h at 4 °C in a swinging bucket rotor (Table of Materials) and carefully discard 222 
the supernatant. 223 
 224 
2.1.8. Resuspend the pellet in 2.5 mL of cold organoid medium. 225 
 226 
2.1.9. For long-term storage, aliquot 250 µL of lentiviral medium into cryogenic vials and snap-227 
freeze them using liquid nitrogen. Store the frozen viral stocks in a -80 °C freezer. 228 
 229 
2.2. Perform lentivirus-mediated transduction of the bladder tumor organoids. 230 
 231 
2.2.1. On day 2, split the tumor organoids as described above (step 1.2) 12 h before the lentivirus-232 
mediated transduction.  233 
 234 
2.2.2. On day 3, quickly thaw an aliquot (step 2.1.9) containing virus in a 37 °C water bath and 235 
add the 250 µL of organoid medium with 10 µM Y-27632 and 8 µg/mL hexadimethrine bromide. 236 
 237 
2.2.3. Replace the organoid medium in the 24 well plate with tumor organoids by 500 µL of virus-238 
containing medium and incubate for 12–16 h in an incubator (37 °C, 5% CO2). 239 
 240 
2.2.4. On day 4, change the medium with 500 µL of fresh organoid medium. 241 
 242 
NOTE: After 12–16 h of incubation, the medium should be changed, because the medium 243 
containing lentivirus and hexadimethrine bromide is cytotoxic.  244 
 245 
2.2.5. On day 6, monitor the GFP signal from the tumor organoids 3 days after transduction under 246 
a fluorescence microscope (Figure 2B). 247 
 248 
2.2.6. On day 10, passage and stock the organoids 7 days after transduction as described in step 249 
1.2, to maintain the genetically modified tumor organoid lines. 250 
 251 
3. Orthotopic transplantation of bladder organoid (Figure 3A) 252 
 253 
3.1. Prepare the bladder tumor organoids for orthotopic transplantation. 254 
 255 
3.1.1. Before transplantation, culture the bladder tumor organoids for 5–7 days, as described 256 
above (step 1.2). 257 
 258 
3.1.2. Add 500 µL of collagenase/dispase to organoid medium in a 24 well plate with the tumor 259 
organoids. Pipette up and down the basement membrane matrix and medium. Incubate for 20 260 
min at 37 °C and collect the cells into a 15 mL tube. 261 
 262 
3.1.3. Add 5 mL of prewarmed DMEM, centrifuge the tube at 400 x g for 3 min at 4 °C, and 263 
aspirate the supernatant. 264 



 

 
 

 265 
3.1.4. Resuspend the pellet with 1 mL of DMEM and transfer the solution into a 90 mm Petri dish. 266 
 267 
3.1.5. Under a microscope, pick up the 10–100 tumor organoids by using a p200 micropipette 268 
and collect them into a microtube on ice. 269 
 270 
3.1.6. Centrifuge the tube at 400 x g for 3 min at 4 °C and carefully discard the supernatant.  271 
 272 
3.1.7. Maintain the cell pellet on ice until the mice are ready for surgery. 273 
 274 
3.2. Submucosal bladder wall transplantation 275 
 276 
NOTE: This procedure is modified from the protocol published by Fu et al18.  277 
 278 
3.2.1. Prepare an 8- to 10-week-old male nude mouse (CAnN.Cg-Foxn1nu/Crl) at least 1 week 279 
before the experiment to allow it to acclimate to a new environment.  280 
 281 
3.2.2. Autoclave the surgical instruments and keep them in 100% ethanol prior to the procedure. 282 
 283 
3.2.3. Wash 29 G insulin syringes by aspirating and injecting 100% ethanol and saline buffer. 284 
Repeat the wash 2x. Keep the 29 G insulin syringe, pipette tips, and basement membrane matrix 285 
on ice. 286 
 287 
3.2.4. Anesthetize the mouse with 4% isoflurane in an induction chamber. Once general 288 
anesthesia achieved, lay the mouse in a supine position and maintain anesthesia by mask 289 
inhalation of 2% vaporized isoflurane.  290 
 291 
NOTE: If the anesthetization time is over 30 min, apply eye ointment to both eyes using a cotton 292 
swab to avoid corneal drying.  293 
 294 
3.2.5. Apply povidone-iodine with a sterile gauze and wipe it down with 70% ethanol. Repeat 3x 295 
with a new gauze or a cotton swab each time. 296 
 297 
3.2.6. Make a small transverse incision (smaller than 1.5 cm) in the skin and muscular wall of the 298 
lower midline abdomen using sterile surgical scissors. Expose the bladder from the abdominal 299 
cavity using forceps and support it with a saline-soaked cotton swab. 300 
 301 
NOTE: If the bladder is full of urine, gently press the bladder to decompress it slightly. 302 
 303 
3.2.7. Resuspend the organoid pellets (step 3.1.7) in 80 µL of organoid medium containing 50% 304 
high-concentration basement membrane matrix (Table of Materials). 305 
 306 
3.2.8. Inject the organoid suspension into the anterior aspect of the bladder dome using the 29 307 
G insulin syringe under a dissecting microscope.  308 



 

 
 

 309 
3.2.9. Close the incision with a 4–0 nylon suture. Disinfect the surgical site with povidone-iodine 310 
and 70% ethanol.  311 
 312 
3.2.10. Allow the mouse to recover under an infrared irradiator 10–15 min. Monitor the mouse 313 
until it regains consciousness and motility. Return it to its home cage.  314 
 315 
3.2.11. One day after surgery, check the general condition of the mouse and anastomotic leakage. 316 
 317 
3.2.12. Monitor the growth of the mouse bladder tumor for 2–3 weeks after the tumor organoid 318 
injection. 319 
 320 
3.2.13. If bladder tumor growth is observed, euthanize the mouse using carbon dioxide inhalation, 321 
and harvest the entire bladder tumor. Wash it using cold DPBS (Figure 3B)16.  322 
 323 
3.2.14. To analyze the bladder tumor histology, stain the paraffin-embedded section of the tissue 324 
using hematoxylin and eosin (H and E) staining (Figure 3B)16. 325 
 326 
REPRESENTATIVE RESULTS: 327 
In vitro culture of mouse bladder tumor organoids  328 
The number of tumor cells dissociated from an ~1 cm3 BBN-induced tumor is at least 4 x 105 cells. 329 
When the cells are initially seeded in the basement membrane matrix, non-cancerous cells and 330 
debris may be observed. Debris was gradually diluted out by continuing the subculture. Figure 331 
1B shows images of the cultured organoids at different time points. If the tumor cells do not form 332 
tumor organoids, the cells are potentially dead during the dissociation step. In such a case, 333 
dissociation procedures including incubation time with the enzyme need to be adjusted to 334 
increase cell viability.  335 
 336 
Expression of GFP in bladder tumor organoids using lentivirus-mediated genetic manipulation  337 
Bladder tumor organoids exhibited strong GFP signals with successful lentiviral infection (Figure 338 
2B). After concentration, a total of 250 µL of virus-containing media was enough to infect 3 x 104 339 
single tumor cells on the basement membrane matrix, maintaining 90%–100% infection 340 
efficiency. GFP signals could be detected from the bladder tumor organoids 3 days after lentiviral 341 
transduction. If the fluorescence signals are low, the efficiency of viral infection is potentially low. 342 
This can be due to numerous factors, such as low viral titer, and the procedures need to be 343 
adjusted accordingly. 344 
 345 
Orthotopic transplantation of bladder tumor organoids  346 
A bladder tumor allograft obtained from BBN-induced bladder tumor organoids is presented in 347 
Figure 3B16. Bladder tumor allografts were harvested 3 weeks after orthotopic transplantation. 348 
The histology of the transplanted bladder tumor was analyzed using H and E staining. Orthotopic 349 
transplants of tumor organoids can grow as bladder tumors for 2–3 weeks. 350 
 351 
FIGURE AND TABLE LEGENDS: 352 



 

 
 

 353 
Figure 1: In vitro culture of mouse bladder tumor organoids. (A) Schematic diagram for the 354 
establishment of mouse bladder tumor organoids. (B) Representative images for the culture of 355 
bladder tumor organoids at different time points. Mouse bladder tumor organoids were 356 
established and cultured over 9 days. Scale bar = 100 µm. 357 
 358 
Figure 2: Expression of GFP in bladder tumor organoids using lentivirus-mediated genetic 359 
manipulation. (A) Schematic diagram of lentiviral transfection and transduction of bladder tumor 360 
organoids. (B) Representative images of bladder tumor organoids expressing GFP. Scale bars = 361 
100 µm. 362 
 363 
Figure 3: Orthotopic transplantation of bladder tumor organoids. (A) Schematic diagram of 364 
orthotopic transplantation of bladder tumor organoids to a nude mouse. (B) Representative 365 
images of bladders and H and E stained sections from mice orthotopically transplanted with 366 
bladder tumor organoids. Magnified views of the boxed regions in the middle panels are shown 367 
in the left panels. Scale bar = 500 µm. This figure was reproduced from Figure 1—Figure 368 
Supplement 1, Kim et al.16, published under the Creative Commons Attribution 4.0 International 369 
Public License (CC BY 4.0; https://creativecommons.org/licenses/by/4.0/). 370 
 371 
Table 1: Composition of bladder tumor organoid medium. 372 
 373 
DISCUSSION:  374 
This protocol describes the experimental procedures to culture and maintain bladder tumor 375 
organoids derived from carcinogen-induced murine bladder tumors.  376 
 377 
In this protocol, there are several experimental steps in which the procedures might need some 378 
troubleshooting. First, the number of tumor cells that are initially seeded is a critical factor 379 
because low numbers of tumor cells in culture (<2 x 104 cells) mostly lead to cell death due to 380 
lack of interactions among tumor cells. In contrast, beginning with too many cells (>5 x 104 cells) 381 
at seeding leads to overcrowded organoids, resulting in difficulty when handling cultures with 382 
poor growth of each organoid. It is strongly suggested that multiple plates with different numbers 383 
of cells be established at the beginning to optimize the experimental conditions. Identifying the 384 
right number of initial tumor cells is crucial to achieve the highest cell viability and to establish 385 
successful bladder tumor organoids. Also, in long-term culture of over 2 weeks without passaging, 386 
most tumor organoids stop growing, potentially due to inadequate supply of nutrients at the 387 
center of the organoids and the depletion of growth factor in the basement membrane matrix. 388 
Therefore, subculturing organoids in a timely manner is a critical step to maintain tumor organoid 389 
culture. 390 
Second, the production of high-titer lentiviral particles is critical for the efficient genetic 391 
manipulation of tumor organoids. To troubleshoot virus titer-related issues, it is strongly 392 
suggested that the virus titers be determined before viral transduction every time because 393 
lentiviral constructs tend to produce viral particles with varying efficiency. If tumor organoids 394 
exhibit low viability following viral infection, it is likely that the viral titers are potentially too high. 395 
It is strongly suggested to use lower amount of virus in this case. Third, during orthotopic 396 



 

 
 

transplantation of BBN-induced bladder tumor organoids, it is critical to maintain the integrity of 397 
the bladder wall. In case that the injection reaches the lumen of the bladder by penetrating the 398 
bladder wall layer, the experiment should be terminated and discarded. If possible, the 399 
monitoring of bladder tumor growth using an ultrasound imaging system is recommended.  400 
 401 
One limitation of the current techniques is the absence of the tumor microenvironment or 402 
stroma in these organoids. To overcome this issue, it is strongly suggested that the orthotopic 403 
transplantation of tumor organoids use an in vivo system to mimic the native tumor 404 
microenvironment. In the future, it will be necessary to develop 3D in vitro organoid systems that 405 
are composed of tumor organoids with other components of tumor stroma. 406 
 407 
One of the major implications of our technique is that, in orthotopic transplantation of tumor 408 
organoids, only 10 bladder tumor organoids can induce tumor growth in the bladder. Compared 409 
to the conventional tumor transplantation experiments that require 5 x 105–1 x 106 single bladder 410 
tumor cells, our methods are much more efficient and robust. Another significant difference is 411 
that the organoids can be diversely manipulated using various lentiviral vectors, such as lentiviral 412 
constructs containing short-hairpin RNA, the CRISPR–Cas9 system, or genes of interest. These 413 
would be powerful tools to add to current organoid technology. Overall, the experimental 414 
approaches presented here can facilitate the establishment of in vitro tumor models that can 415 
improve our understanding of the pathogenesis of bladder cancer rather than using 2D bladder 416 
cancer cell lines. 417 
 418 
This method was able to establish bladder tumor organoids derived from a carcinogen-induced 419 
murine bladder tumor. The article provides a description of the lentivirus-mediated experimental 420 
procedures through which the genetic modifications are introduced and stably maintained in 421 
bladder tumor organoids. In addition, a procedure for orthotopic transplantation of tumor 422 
organoids is included. In combination with current in vivo cancer models, this technique will be 423 
a useful tool to study the molecular basis of bladder tumorigenesis. 424 
 425 
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Table 1. Compositions of bladder tumor organoids medium.

Advanced DMEM/F-12 (Basic medium) 10 mM HEPES(pH 7.4)

10 mM Nicotinamide 0.5X Serum-free supplement

2 mM L-alanyl-L-glutamine dipeptide 1% Penicillin/Streptomycin

1 mM N-acetyl-L-cysteine 50 ng/mL Murine epidermal growth factor

1 µM A 83-01

Mouse bladder tumor organoids medium
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Name of Material/ Equipment Company Catalog Number Comments/Description

0.25% Trypsin-EDTA Gibco 25200072

0.45 µm polyethersulfone (PES) filter Millipore SLHP033RS

1.5 mL microtube Axygen MCT-150-C

10 cm cell culture plate Eppendorf 0030-702-115

100 µm cell strainer corning 352360

15 mL conical tube SPL 50015

24-well plate Corning 3526

29 G insulin syringe SHINA B299473538

3 mL syringe Norm-ject N7.A03
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid

(HEPES)
welgene BB001-01

50 mL conical tube SPL 50050

90 mm Petri dish SPL 10090

A 83-01 Tocris 2939 stock concentration: 25 mM

Absolute ethanol Daejung 4023-2304

Advanced DMEM/F-12 Thermo 12634028 

Ammonium-chloride-potassium (ACK) lysing buffer Thermo A1049201
Basement membrane matrix 

(growth factor reduced Matrigel)
corning 354230 use for organoid culture in plate

Basement membrane matrix 

(high concentration Matrigel) 
Corning 354248 use for organoid transplantation

C57BL Mouse The Jackson 000664

CAnN.Cg-Foxn1nu/Crl (nude mouse) Charles River 194

Collagenase type I Thermo 17100017 stock concentration: 20 mg/mL

Collagenase type II Thermo 17100015 stock concentration: 20 mg/mL

Collagenase/dispase Sigma 10269638001 stock concentration: 1 mg/mL

Cryovial Corning 430488

Dimethyl sulfoxide(DMSO) Sigma D8418

Dulbecco’s modified minimum essential media(DMEM) Gibco 11965-118 

Dulbecco’s phosphate-buffered saline(DPBS) welgene LB 001-02

Fetal bovine serum(FBS) Millipore ES009B-KC
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HEK 293T ATCC CRL-11268

Hexadimethrine bromide (polybrene) Sigma H9286 stock concentration: 2 µg/mL

Isoflurane Hana Pharm Co., Ltd.

L-alanyl-L-glutamine dipeptide (Glutamax) Gibco 35050061 100X(200mM)

Murine epidermal growth factor(mEGF) Peprotech 315-09 stock concentration: 100 µg/mL

N-acetyl-L-cysteine Sigma A9165 stock concentration: 200 mM

N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN) Tokyo Chemical B0938

Nicotinamide sigma N0636 stock concentration: 1M

Non-absorbable suture AILEE NB521 5/0-13mm

Opti-MEM Gibco 31985070 reduced serum medium

pCMVR 8.74 Addgene 22036 Packaging plasmid

Penicillin/streptomycin Gibco 15140122 100X

pMD2.G Addgene 12259 Envelope plasmid

pSiCoR Addgene 11579 Lentiviral plasmid

Razor blade moden office

Saline buffer JW Pharmaceutical

Serum-free supplement Gibco 17504-044 stock concentration: 50X

Swinging bucket rotor Beckman Coulter SW41Ti 

Thermolysin Millipore 58656- stock concentration: 250 KU/mL

Transfection reagent Mirus Bio MIR 2300

Ultracentrifugation tube Beckman Coulter 331372

Y-27632 dihydrochloride Abmole M1817 stock concentration: 10 mM
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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 
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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 
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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 
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create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
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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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discre on, elect not take any ac on with respect to the 
Ar cle un l such me as it has received complete, executed 
Ar cle and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
discre on and without giving any reason therefore, to 
accept or decline any work submi ed to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfe ered access to the facili es of the Author or of 
the Author’s ins tu on as necessary to make the Video, 
whether actually published or not. JoVE has sole discre on 
as to the method of making and publishing the Materials, 
including, without limita on, to all decisions regarding 
edi ng, ligh ng, filming, ming of publica on, if any, 
length, quality, content and the like.  
12. Indemnifica on. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including a orney’s 
fees, arising out of any breach of any warranty or other 
representa ons contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
a orney’s fees, resul ng from the breach by the Author of 
any representa on or warranty contained herein or from 
allega ons or instances of viola on of intellectual property 
rights, damage to the Author’s or the Author’s ins tu on’s 
facili es, fraud, libel, defama on, research, equipment, 
experiments, property damage, personal injury, viola ons 
of ins tu onal, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regula ons, laws, 
procedures or guidelines, liabili es and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publica on in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
steriliza on, lack of cleanliness or by contamina on due to 

the making of a video by JoVE its employees, agents or 
independent contractors. All steriliza on, cleanliness or 
decontamina on procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author’s expense. All indemnifica ons provided herein 
shall include JoVE’s a orney’s fees and costs related to said 
losses or damages. Such indemnifica on and holding 
harmless shall include such losses or damages incurred by, 
or in connec on with, acts or omissions of JoVE, its 
employees, agents or independent contractors. 
13. Fees. To cover the cost incurred for publica on, 
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publica on the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or produc on decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials a er final peer review approval will 
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JoVE’s successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachuse s without giving effect to 
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means of electronic transmission shall be deemed to have 
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