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SUMMARY:  38 
Patient-derived organoids (PDOs) are a powerful tool in translational cancer research, reflecting 39 
both the genetic and phenotypic heterogeneity of the disease and response to personalized anti-40 
cancer therapies. Here, a consolidated protocol to generate human primary bladder cancer PDOs 41 
in preparation for the evaluation of phenotypic analyses and drug responses is detailed.  42 
 43 
ABSTRACT:  44 
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Current in vitro therapeutic testing platforms lack relevance to tumor pathophysiology, typically 45 
employing cancer cell lines established as two-dimensional (2D) cultures on tissue culture plastic. 46 
There is a critical need for more representative models of tumor complexity that can accurately 47 
predict therapeutic response and sensitivity. The development of three-dimensional (3D) ex vivo 48 
culture of patient-derived organoids (PDOs), derived from fresh tumor tissues, aims to address 49 
these shortcomings. Organoid cultures can be used as tumor surrogates in parallel to routine 50 
clinical management to inform therapeutic decisions by identifying potential effective 51 
interventions and indicating therapies that may be futile. Here, this procedure aims to describe 52 
strategies and a detailed step-by-step protocol to establish bladder cancer PDOs from fresh, 53 
viable clinical tissue. Our well-established, optimized protocols are practical to set up 3D cultures 54 
for experiments using limited and diverse starting material directly from patients or patient-55 
derived xenograft (PDX) tumor material. This procedure can also be employed by most 56 
laboratories equipped with standard tissue culture equipment. The organoids generated using 57 
this protocol can be used as ex vivo surrogates to understand both the molecular mechanisms 58 
underpinning urological cancer pathology and to evaluate treatments to inform clinical 59 
management.  60 
 61 
INTRODUCTION:  62 
Bladder cancer is the most prevalent urinary tract cancer and the tenth most common human 63 
malignancy worldwide1. It encompasses a genetically diverse and phenotypically complex 64 
spectrum of disease2. Urothelial non-muscle-invasive forms of bladder cancer (NMIBC) are the 65 
most common bladder cancer diagnoses (70%-80%), and these cancers display considerable 66 
biological heterogeneity and variable clinical outcomes2-4. Patients with NMIBC typically 67 
experience a high risk of disease recurrence (50-70%) and one-third of cancers will progress and 68 
develop into significantly more aggressive muscle-invasive bladder cancer (MIBC)2. Although 5-69 
year survival rates for NMIBC are high (>90%), these patients must undergo long-term clinical 70 
management5. On the other hand, locally advanced (unresectable) or metastatic MIBC is 71 
generally considered incurable6. Consequently, bladder cancer has one of the highest lifetime 72 
treatment costs within cancer care and is a significant burden for both the individual and the 73 
healthcare system3,7. The underlying genetic aberrations in advanced disease renders 74 
therapeutic management of bladder cancer a clinical challenge, and therapeutic options for 75 
invasive urothelial tumors have only recently improved since the approval of immunotherapies 76 
for both advanced and high-risk NMIBC8,9. Currently, clinical decision-making has been guided by 77 
conventional clinical and histopathological features, despite individual bladder cancer tumors 78 
showing large differences in disease aggressiveness and response to therapy10. There is an urgent 79 
need to accelerate research into clinically useful models to improve the prediction of individual 80 
patient prognosis and identification of effective treatments.  81 
 82 
Three-dimensional (3D) organoids show great potential as tumor models due to their ability to 83 
self-organize and recapitulate the original tumor’s intrinsic in vivo architecture and 84 
pharmacogenomic profile, and their capability to mirror the native cellular functionality of the 85 
original tissue from which they were derived11-13. Although established bladder cancer cell lines 86 
are readily available, relatively cost-effective, scalable, and simple to manipulate, the in vitro cell 87 
lines largely fail to mimic the spectrum of diverse genetic and epigenetic alterations observed in 88 



   

clinical bladder cancers12,14 and were all established and maintained under 2D, adherent culture 89 
conditions. Additionally, cell lines derived from primary and metastatic bladder tumors harbor 90 
significant genetic divergence from the original tumor material. 8,15.  91 
 92 
An alternative approach is to use genetically engineered and carcinogen-induced mouse models. 93 
However, while these models recapitulate some of the natural oncogenic cascades involved in 94 
human neoplasia (reviewed in refs16-18), they lack tumor heterogeneity, are expensive, poorly 95 
represent invasive and metastatic bladder cancer, and are not viable for rapid term drug testing 96 
as tumors can take many months to develop14,19. Patient-derived models of cancer (including 97 
organoids, conditionally reprogrammed primary cell culture, and xenografts) provide invaluable 98 
opportunities to understand the effects of drug treatment before clinical treatment20. Despite 99 
this, few groups routinely use these patient-proximal models due to limited access to fresh 100 
primary patient tissue and the extensive optimization required to reproducibly generate patient-101 
derived organoid (PDO) culture conditions. In an in vivo setting, oncogenic cells can interact and 102 
communicate with various compositions of the surrounding constituents, including stromal cells, 103 
tissue infiltrating immune cells, and matrix12. Similarly, for PDOs grown in a 3D format, 104 
cellular/matrix complexity can be customized to include other relevant components. PDOs can 105 
be rapidly generated and are often able to be passaged extensively or cryopreserved for later 106 
use, despite having a finite lifespan21-23. Pharmacodynamics (i.e., response to a drug) can be 107 
evaluated using multiple read-outs, including organoid viability and morphology, and 108 
characterization of immunohistochemistry targets or transcriptional changes.  109 
 110 
Here, the procedures for the establishment of bladder cancer organoids from patient material 111 
collected from transurethral resection of bladder tumor (TURBT) or surgical removal of the 112 
bladder (radical cystectomy) are described. The method to generate PDOs is illustrated, using 113 
readily available wet laboratory materials and tools. Endpoints include changes in cell 114 
morphological characteristics and viability. These were measured using fluorescent microscopy, 115 
in vitro viability (metabolic and cell membrane integrity) assays, and histopathological analysis. 116 
Figure 1 shows the workflow for establishing human bladder cancer PDOs from clinical material 117 
obtained during elective surgery. 118 
 119 
PROTOCOL:  120 
Patients have consented following their admission under the Urology team at the Princess 121 
Alexandra Hospital, Brisbane, Australia. This study was performed in accordance with the 122 
principles of the Declaration of Helsinki and within ethical and institutional guidelines (ethics 123 
number HREC/05/QPAH/95, QUT 1000001165). 124 
 125 
NOTE: As eligibility criteria, patients must be aged ≥ 18 with cancer, and able to understand and 126 
provide consent. Those who are not able to give informed consent were excluded. Those having 127 
a primary language other than English were excluded as the provision of interpreters is not 128 
possible due to logistical and budgetary considerations. Also excluded were patients whose 129 
tumors are not accessible to biopsy or unlikely to be available in adequate amount after routine 130 
pathology. 131 
 132 



   

1. Organoid Medium Preparation 133 
 134 
NOTE: Human bladder cancer organoid medium requires growth factors that aid in the survival, 135 
growth, and continuous expansion of organoids derived from dissociated clinical material (Table 136 
1). For complete details of each supplement used in this procedure, please refer to the Table of 137 
Materials. 138 
 139 
1.1. Thaw frozen ingredients on ice or in a refrigerator at 2–8 °C. Avoid freeze/thaw and work 140 
from frozen aliquots (stored at -20 °C). 141 
 142 
1.2. Basal medium: Prepare basal medium by supplementing advanced Dulbecco's Modified 143 
Eagle Medium/Ham's F-12 (adDMEM/F12) with HEPES (10 mM) and glutamine (2 mM). This is 144 
also used as a transport medium, and during organoid washing steps.  145 
 146 
NOTE: Advanced DMEM/F-12 is used as the basal medium to aid in the expansion of organoids 147 
in the presence of limited serum; however, it requires supplementation with HEPES and L-148 
glutamine. 149 
 150 
1.3. Briefly centrifuge FGF-10, FGF-2, EGF, SB202190, PGE2, and A 83-01 before opening to 151 
ensure components are at the bottom of the vial.  152 
 153 
1.4. Complete organoid medium: Supplement basal medium with human Noggin- and R-spondin 154 
1-conditioned media at a final concentration of 5% v/v, human EGF (50 ng/mL), human FGF-2 (5 155 
ng/mL), human FGF-10 (20 ng/mL), A 83-01 (500 nM), SB202190 (10 µM), B27 (1x), Nicotinamide 156 
(10 mM), N-acetylcysteine (1.25 mM), Y-27632 (10 µM), Prostaglandin E2 (PGE2) (1 μM) and a 157 
broad-spectrum antibiotic formation at the concentration indicated by the manufacturer.  158 
 159 
1.5. Store organoid media at 4 °C in the dark and use it within 2 weeks (1 month at most). Do not 160 
freeze. Avoid extended exposure to light sources.  161 
 162 
NOTE: The organoid medium is prepared serum-free; however, serum and 163 
penicillin/streptomycin could be supplemented on a user-to-user basis as required. 164 
 165 
2. A day before procedure outlined in 3 166 
 167 
2.1. Thaw growth factor reduced basement membrane (BME; see Table of Materials) overnight 168 
for at least 12 h before use in a 4 °C fridge or cold room. If required, dispense BME into 1 mL 169 
aliquots in a 1.5 mL polypropylene single-use tube to avoid freeze-thaw cycles. 170 
 171 
2.2. Place filtered pipette tips into a 4 °C fridge or cold room. 172 
 173 
NOTE: This section refers to pipette tips that will be used when handling BME to prevent 174 
premature polymerization and reduce the coating of BME on the surface of the tips. 175 
 176 



   

2.3.  Sterilize all surgical equipment required for the procedure. 177 
 178 
3. Generation of bladder tumor organoids 179 
 180 
NOTE: This is an initial step for PDO establishment from primary patient tumors. This procedure 181 
is adapted for bladder cancer tissues from methods established by Gao et al.24.  182 
 183 
3.1. Use a class II biohazard hood to prepare the specimen. Retrieve dry and wet ice and print 184 
Patient Specimen Processing Sheet (Supplemental File).  185 
 186 
3.2. Call research personnel to the operating room when surgical resection is near complete. 187 
 188 
NOTE: Confirm that the patient meets the eligibility criteria and has signed the participant 189 
consent form. Tissue is provided for research only if surplus to requirements for clinical 190 
histopathologic assessment. 191 
 192 
3.3. Collect a fresh macroscopically viable tumor specimen from surgery. Ensure that the sample 193 
is submerged in transport medium (either 1x adDMEM/F12 or 1x Dulbecco’s phosphate-buffered 194 
saline (DPBS)) in a sterile 50 mL conical tube or urine specimen jar during transit.  195 
 196 
NOTE: At some clinical centers, tissue may need to be transported to a pathology laboratory for 197 
allocated research. Under these circumstances, it is recommended that antibiotics and 198 
antimycotics be added to the transport medium. Tissue can be stored at 4 °C in basal medium for 199 
up to 24 h post-surgery and still generate viable organoid cultures. 200 
 201 
3.4. Record specimen details, including tissue weight (g or mg), sample description, and details 202 
regarding any blood and urine samples on the Patient Specimen Processing Sheet (Supplemental 203 
File). 204 
 205 
3.5. Carefully remove the transport medium and replace it with 10 mL of basal media. Allow the 206 
tumor tissue to settle by gravity. 207 
 208 
NOTE: Transport medium is considered as clinical waste and must be collected in an appropriately 209 
labeled waste container in an appropriate amount of decontamination solution. Once the liquid 210 
has been chemically decontaminated, it can be disposed of according to institutional guidelines 211 
for hazardous waste. 212 
 213 
3.6. Remove the tumor tissue with forceps and place it in a sterile 90 mm Petri dish (Figure 2A). 214 
Record the weight of the tissue in mg or g on the clinical specimen processing sheet and 215 
dissection grid (Figure 2B). 216 
 217 
3.7. Remove non-cancerous tissue (including adipose tissue) and macroscopically visible necrotic 218 
regions using sterile forceps and disposable scalpel blade mounted to scalpel handle (Figure 2C). 219 
Wash tumor pieces 1–2 times with cold 1x DPBS. Collect the tumor pieces and transfer them to 220 



   

a new sterile 90 mm Petri Dish. 221 
 222 
NOTE: As scalpel blades are sharp, take caution when manually slicing. Tumor-adjacent adipose 223 
tissue can be identified by distinctly soft, gelatinous, pale areas immediately adjacent to the 224 
visual tumor perimeter. Macroscopic adipose tissue, and focally dark regions representing areas 225 
of necrosis will require personal judgment when dissecting from an excisional bladder tumor 226 
biopsy. 227 
 228 
3.8. Take a photograph, draw a diagram of tissue, and plan tissue dissection on a clinical 229 
processing grid (Figure 2B and Figure 2C). 230 
 231 
NOTE: It is important to keep a visual record and rough sketch of the individual macroscopic 232 
tumor characteristics and dissection for each specific case.  233 
 234 
3.9. Dissect tumor tissue pieces and allocate for histopathological (Figure 2D) and molecular 235 
analyses (Figure 2E). 236 

 237 
3.9.1. For histological analyses: Place approximately 50 mg of tumor tissue into a labeled 238 
disposable plastic histology cassette (Figure 2D). Submerge histology cassette into a container 239 
with 5x to 10x volume of 10% neutral buffered formalin (NBF). Incubate overnight.  240 
 241 
3.9.2. Remove 10% NBF and replace with 70% (w/w) ethanol the next day for storage at 4 °C until 242 
tissue can be processed using routine tissue processing protocol 243 
 244 
3.9.3. For molecular analyses: Snap freeze at least one 1–3 mm3 tumor piece in an RNase/DNase-245 
free 1.5 mL cryovial using liquid nitrogen and store at -80 °C (Figure 2E). 246 
 247 
3.10. Dispense 5 mL of organoid medium (Table 1) in the 90 mm Petri dish containing the 248 
remaining tumor piece(s). 249 
 250 
3.11. Mechanically mince tissue as finely as possible (0.5–1 mm3 pieces or smaller) with a sterile 251 
#10 scalpel blade. 252 
 253 
NOTE: Larger fragments or whole chunks of tissue (>3 mm3) will take considerably longer to 254 
digest and will decrease the viability of the specimen. Omit the above step if the tissue is 255 
disaggregated and fragments are small enough to pipette with a 5 mL serological pipette tip. 256 
 257 
3.12. Transfer finely minced tissue to a 50 mL conical tube and add 4 mL of organoid medium, 1 258 
mL of 10x collagenase/hyaluronidase, and 0.1 mg/mL deoxyribonuclease 1 (DNase 1) to avoid 259 
cell clumping.  260 
 261 
NOTE: Enzyme solution should be freshly prepared each time. Increase the volume of the 262 
medium to be approximately 10x the visible amount of the tumor fragments for large samples.  263 
 264 



   

3.13. Incubate the minced tumor tissue and enzyme solution for 1–2 h on an orbital shaker or 265 
rotator (150 rpm) in an incubator (37 °C, 5% CO2) to dissociate fragments into a cell suspension 266 
and break down collagens. This can be checked with histological analysis (Figure 3A). 267 
 268 
NOTE: If the amount of tissue is large or no obvious dissociation is observed after 1–1.5 h, 269 
increase the incubation time checking the level of dissociation every 30 min. Timing for this step 270 
depends on the sample and must be determined empirically each time. A noticeably clearer 271 
solution with tissue fragments indiscernible to the eye (or very few fragments) indicates 272 
successful digestion. 273 
 274 
3.14. Terminate the digestion with the addition of 2x volume (20 mL) of basal medium to the 275 
sample. 276 
 277 
3.15. Centrifuge the sample at 261 x g for 5 min at room temperature (RT), aspirate, and discard 278 
the supernatant. 279 
 280 
3.16. To lyse contaminating red blood cells (RBCs), resuspend the pellet obtained from the above 281 
step in 5 mL of ammonium-chloride-potassium (ACK) buffer. Incubate the tube at RT for 3 min or 282 
until the complete lysis of the RBCs is seen (suspension becomes clear). 283 
 284 
NOTE: If RBCs are not observed as a small red clump in the pellet, this step may be omitted. 285 
 286 
3.17. Add 20 mL of the basal medium into the tube. Centrifuge the tube at 261 x g for 5 min at 287 
RT and aspirate the supernatant. 288 
 289 
3.18. At this step, place a 10 mL aliquot of 2x and 1x organoid medium in a 37 °C water bath to 290 
warm. 291 
 292 
3.19. Filter the sample through a pre-wet reversible 100 µm strainer into a new 50 mL tube to 293 
remove large insoluble material.  294 
 295 
NOTE: Large undigested material (>100 µm) collected by the filter may contain cells of interest 296 
and can be cultured in 90 mm Petri dish or 6-well cell culture plate in organoid medium to derive 297 
two-dimensional (2D) cultures (Figure 1 (step 5) and Figure 3B). 298 
 299 
3.20. Filter the eluate through a pre-wet reversible 37 µm strainer to collect single cells and small 300 
clusters for single-cell and immune cell isolation (Tube 37-1; Figure 1 (step 6) and Figure 3B). 301 
 302 
NOTE: The yield of tumor cells during this step may be increased by passing the filtered cell 303 
suspension through the strainer again. 304 
 305 
3.21. Reverse the 37 µm strainer and use 10 mL of basal media to collect small and moderate-306 
sized clusters (37-100 µm) (tube 70-1; Figure 3B). 307 
 308 



   

3.22. Top up each of the new 50 mL tubes (tubes 70-1 and 37-1) with DPBS to 40 mL. Centrifuge 309 
the suspension at 261 x g for 5 min at RT. Aspirate and discard the supernatant. 310 
  311 
3.23. Add 10 mL of basal media to tube 37-1 and count the cells using trypan blue exclusion dye 312 
and an automated cell counter (as per the manufacturer’s specifications). Determine the cell 313 
number and viability of cells. 314 
 315 
3.24. Centrifuge the remainder of the sample at 261 x g for 5 min at RT. Aspirate the medium 316 
and replace it with cell freezing solution or basal media containing 10% fetal bovine serum (FBS), 317 
1% penicillin/streptomycin, and 10% dimethyl sulfoxide (DMSO). 318 
 319 
3.25. Place samples in 1.5 mL cryovials and store them in a cell-freezing container. Immediately 320 
transfer the container to a -80 °C freezer for optimal rate of cooling. Following overnight freezer 321 
storage at -80 °C, transfer the cryovials into cryogenic liquid or air phase storage (-196 °C) for 322 
long-term storage. 323 
 324 
3.26. Resuspend cells from tube 70-1 with 500 µL of pre-warmed 2x organoid medium. 325 
 326 
NOTE: Seeding density must be high for successful organoid propagation. The volume of the 327 
organoid medium and, subsequently, BME should be altered empirically on the number of cells 328 
isolated from the filtration step. This step provides a relevant starting point based on studies in 329 
our laboratory. 330 
 331 
3.27. Add BME to cells (at a 1:1 ratio with 2x organoid medium) with ice-cold P1000 sterile filter 332 
pipette tips and mix gently to suspend cells. Quickly and carefully pipette 100 µL of reconstituted 333 
cells/ BME mixture to wells of an ultra-low attachment flat-bottom 96-well plate. Place the 96-334 
well plate in an incubator (37 °C, 5% CO2) for 20–30 min to solidify.  335 
 336 
3.28. Add 1:2 ratio of 1x organoid medium on top of BME cell suspension depending on the 337 
empirically assessed volume. In the relevant starting point, add 50 µL of 1x organoid medium 338 
media on top of 100 µL of reconstituted cells/ BME mixture. 339 
 340 
3.29. Place the 96-well plate in an incubator (37 °C, 5% CO2) for 20 min to equilibrate. 341 
 342 
3.30. Take the cell culture plate out of the incubator and assemble it on a specimen holder on 343 
the stage of a microscope. Assess organoids visually under phase contrast or brightfield settings.  344 
 345 
NOTE: Images are best acquired by an inverted phase-contrast microscope equipped with 346 
differential interference (DIC) optics, digital camera, and associated software to observe the 347 
formation of spherical PDOs in preparation for endpoint analysis. 348 
 349 
3.30.1. If distinct clusters are visible, place the cell culture plate into an onstage electronically 350 
heated microscope chamber (37 °C, 5% CO2) for live-cell imaging over the first 24–72 h.  351 
 352 



   

3.30.2. Ensure the flexible heated collar is attached to the lens to reduce thermal drift and the 353 
humidifier is filled with dH20.  354 
 355 
3.30.3. Perform the initial imaging using a 4x or 10x objective lens (N.A. 0.30, W.D. 15.2 mm). 356 
Time-lapse every 5–10 min on the phase-contrast setting.  357 
 358 
3.30.4. Check for the successful isolation as characterized by the appearance of >10 self-359 
organizing organoids per well after a 24–72 h period. 360 
 361 
3.30.5. Allow cultures to continue for up to two weeks if organoid numbers are low (Figure 3C).  362 
 363 
3.31. Top up the medium every 2–3 days using 50 μL of pre-warmed organoid medium to 364 
replenish depleted growth factors and overall volume. 365 
 366 
3.32. Acquire images (as described in step 3.30) on days 1, 2, and 3 (time-lapse series), and on 367 
days 5, 7, and 10 before passaging (if applicable).  368 
 369 
NOTE: Organoids (observed as generally round structures where you cannot see the edges of 370 
individual cells) are typically passaged 7-10 days following setup, depending on the success of the 371 
isolation. Before or following passaging, organoids can be treated with cytotoxics or therapeutic 372 
agents for up to 6 days and drug response measured using cell viability and cytotoxicity assays. 373 
Alternatively, organoids can be retrieved from BME (using 1 mg/mL dispase) and cryopreserved 374 
(bio banked), prepared for molecular testing, or embedded and assessed histologically (Figure 375 
4). 376 
 377 
REPRESENTATIVE RESULTS:  378 
3D organoids were successfully established from human bladder cancer patient TURBT and 379 
cystectomy tissues. Briefly, this technique highlights a rapid formation of 3D multicellular 380 
structures that are both viable and suitable for other endpoint analyses such as histological 381 
evaluation, molecular characterization (by immunohistochemistry or quantitative real-time PCR), 382 
and drug screening. During the procedure (Figure 1), the various eluates during our filtration 383 
phases (Figure 1, steps 1–6) could be taken advantage of to cryopreserve single cells for isolation 384 
of tumor-infiltrating immune cells (TILS) and generation of a single cell biobank. The procedure 385 
allows for multiple aspects of a heterogeneous primary tumor to be biobanked appropriately and 386 
in a way that can be tracked across patients (Figure 2A,B), including histology (Figure 2C,D) and 387 
fresh frozen samples (Figure 2E).  388 
 389 
A 2 h digestion with commercially available collagenase/hyaluronidase and DNase 1 allows for 390 
sufficient digestion of 0.5–1 mm3 pieces of the more complex cystectomy biopsy tissue, including 391 
the neoplastic cells within the lamina propria and muscular layers of the bladder (Figure 3A). 392 
Larger post-digestion fragments (>100 microns) have proven suitable for culture in standard 393 
tissue culture plates of any size for the isolation of novel 2D cultures (Figure 3B). However, 394 
extensive molecular characterization is required to validate the cancer origin of such cell lines. 395 
Organoids which are successfully generated with this protocol undergo processes of dynamic 396 



   

self-assembly, including phases of aggregation, compaction, and final formation, whereby they 397 
form into tight cellular structures (Figure 3C) that can be assessed for response to standard-of-398 
care therapies. Figure 3C highlights the efficient self-assembly properties of the organoids. 399 
Histologically, these structures recapitulate the original patient tumor (Figure 4). Organoids 400 
generated in this procedure are suitable for a multitude of purposes, including further 401 
characterization, biobanking, and drug efficacy testing (Figure 5).  402 
 403 
FIGURE AND TABLE LEGENDS: 404 
 405 
Figure 1: Schematic representation of organoid tissue culture from the collection of tumor 406 
samples from surgery to endpoint analyses. URN, unit record number; TIL, Tumor-infiltrating 407 
lymphocyte. (1) Tissue is mechanically minced in a 90 mm petri dish as finely as possible with a 408 
sterile scalpel blade (0.5–1 mm3 pieces). (2) Tumor pieces are resuspended in an enzymatic 409 
dissociation medium consisting of the organoid medium, collagenase/hyaluronidase, and DNase 410 
1. (3) Minced tumor tissue and enzyme solution are incubated for 1–2 h on a rotator incubator 411 
(150 rpm, 37 °C, 5% CO2) and subsequently pelleted (4) to dissociate fragments into a finer cell 412 
suspension. The sample undergoes filtration through pre-wet reversible (5) 100 µm and (6) 37 413 
µm strainers into new 50 mL tubes to remove large insoluble material and isolate 37–100 µm 414 
clusters. Following (7) centrifugation of the fraction isolated from the reverse of the 37 µm 415 
strainer, the cell clusters are suspended in (8) BME and organoid media before (9) live-cell 416 
imaging. Created with BioRender.com.  417 
 418 
Figure 2: Sterile tumor tissue handling for organoid establishment. (A) Upon excision and 419 
transport to the laboratory, the specimen is placed in a sterile petri dish, weighed, and 420 
subsequently dissected. (B) A specimen dissection grid is used to mark the specimen for various 421 
processes. An example of dissection is shown in (C) where samples are taken from the tumor 422 
periphery as much as possible to avoid areas of central necrosis and annotated (inset) before (D) 423 
grossing the tissue prior to tissue fixation. Scale bar: 6 mm. Inset scale bar: 4 mm. (E) Small fresh 424 
fragments are taken for subsequent freezing and biobanking. Scale bar: 5 mm. Elements of this 425 
image were created with BioRender.com.  426 
 427 
Figure 3: Enzymatic derivation and dynamic assembly of bladder tumor organoids. (A) 428 
Representative pictures of hematoxylin and eosin (H&E) stained parental bladder cancer tissue 429 
(pathology reviewed as T3bN0) on immediate fixation (left) and 2 h post-digestion with 1x 430 
collagenase/ hyaluronidase (right). Scale bar: 500 µm. Inset scale bar: 50 µm. (B) Representative 431 
images of the >100 µm, 37-1 and 70-1 (day 2) isolations. Scale bars are indicated within the image. 432 
(C) Representative images are shown for bladder cancer organoid isolation over 48 h and day 7 433 
organoid H&E staining. Scale bar: 50 µm. Scale bar for the image in the inset: 20 µm. DIC: 434 
differential interference contrast. Elements of this image were created with BioRender.com 435 
 436 
Figure 4: Bladder cancer-derived organoid cultures maintain the histological architecture of 437 
parental tumors. Representative H&E image of low-grade bladder cancer (Ta) and corresponding 438 
bright-field image of organoid at day 7 of culture. The far-right panel shows associated H&E 439 
staining of the day 7 organoid. Scale bars are indicated in the figure. LG: low grade, BC: bladder 440 



   

cancer, H&E: haematoxylin and eosin, and DIC: differential interference contrast. 441 
 442 
Figure 5: Downstream applications with bladder cancer patient-derived organoids. Created 443 
with BioRender.com.  444 
 445 
Table 1: Supplements used for basal and complete organoid media 446 
 447 
DISCUSSION: 448 
While 3D organoid protocols derived from bladder cancer tissue are still in their infancy, they are 449 
an area of active research and clinical investigation. Here, an optimized protocol to successfully 450 
establish bladder cancer PDOs that are suitable for both NMIBC and MIBC specimens is detailed. 451 
This workflow integrates parallelly into hospital-based clinical trials and considers biobank 452 
sample accrual, including histological sample processing and fresh frozen tissue banking, which 453 
is an important consideration for clinical organoid pipelines. This protocol builds on existing 454 
methods and provides a consolidated methodology to build an organoid precision medicine 455 
pipeline.  456 
 457 
The current success rate of this protocol - like others - is approximately 70%25. It is anticipated 458 
that this will improve as isolation techniques and characterization of the BC tumor 459 
microenvironment evolves. As expected, the quality of the initial specimen influences the success 460 
rate and is an important limiting step. Specimens obtained from chemotherapy naïve patients 461 
provide the highest success rate, while those from patients who have received neoadjuvant 462 
chemotherapy may have a reduced number of viable cells26,27. Typically, bladder cancer 463 
specimens (from both TURBT and cystectomies) provide an ample amount of samples with high 464 
tumor cellularity. This allows robust generation of organoids ranging between 30–100 µm within 465 
a 24–72 h growth period (given some <40 µm clusters are retained in the filtration steps). 466 
Importantly, the heterogeneity observed in organoid samples (i.e., cystic formations and more 467 
dense structures) indicates that this protocol provides conditions suitable to derive 468 
heterogeneous tumor cell populations.  469 
 470 
Our optimized protocol can be performed on limited starting material (as is the case from some 471 
elective surgeries, including TURBT procedures or specimens acquired from patients on a clinical 472 
trial), enabling the incorporation of multiple analyses to maximize specimen value. This protocol 473 
includes methods to describe steps to grow 2D culture from extraneous tumor cells of interest 474 
that may reside in large insoluble tissues processed during the initial filtration step. Like other 475 
research groups which suggest processing specimens within 24 h post-surgery28,29, it is observed 476 
that tissue hypoxia that occurs within this timeframe does not preclude generating viable 477 
organoids. Optimization is required to determine the density of cell (native clusters) seeding per 478 
well. In our experience, excessive numbers of clusters can result in poor growth of the cultures, 479 
while low visual density cultures can lead to cell death. This can be determined by the user 480 
empirically in the context of their volumes which can be diluted within a range as necessary. 481 
Additionally, TURBT specimens often contain burnt edges due to the resection process, which 482 
are apparent as prominent necrotic regions. A critical step is the careful isolation of macroscopic 483 
tumor tissue and subsequent dissection. This is paramount to deriving viable cultures and needs 484 



   

to be communicated with the surgical team. In some instances, this may be an initial limitation 485 
to the procedure.  486 
 487 
An additional limitation to the current technique is the absence of the tumor microenvironment 488 
parallel to the organoids. A necessary development will be future co-culture systems to increase 489 
cellular complexity and provide other components of the tumor microenvironment (i.e., stroma 490 
and immune cells). As organoids are defined as self-organizing structures with the ability to self-491 
perpetuate their growth, further work will be required to elucidate the discrete cancer stem-cells 492 
(such as CD44 and CD49) which may allow for improved in vitro growth characteristics31-33. 493 
Establishing with certainty that the PDOs originate from tumor tissue is critical, as the 494 
contribution from normal urothelial cells in functional and molecular analyses will confound 495 
investigations into drug resistance. Sometimes the tumor origin of the urothelial cells in the PDOs 496 
is clear due to the use of metastatic tissue or papillary tumors (as is the case here; see Figure 4), 497 
but when the source tissue is excised from the bladder mucosa and thus contains margins of the 498 
benign urothelium, it is critical to confirm that the resultant PDOs are comprised of tumor cells 499 
using molecular techniques. Thus, immunohistochemical and genomic comparisons are required 500 
between the established organoids and the primary tumor from which they were derived30.  501 
 502 
Regarding the number and size distributions of the organoids per well, it is difficult to maintain 503 
uniform plating density of 3D organoids for cytotoxicity analysis. This is slightly mitigated by 504 
isolating defined ranges using the filters, but it is still a limitation if small clusters and larger 505 
organoids are isolated in the same well. Large particle sorters may mitigate this issue but are not 506 
widely available in medical research laboratories. Nonetheless, techniques that measure viability 507 
signals before and after treatment have been used successfully in bladder cancer organoids34. As 508 
this technology advances, this will enable researchers to develop a library of bladder cancer PDOs 509 
with varying genomic profiles, and pharmacodynamic responses that can be explored to 510 
investigate novel therapies. Additionally, the specimen collection procedure and dissociation 511 
method described herein allow concurrent preparations for tumor spatial profiling, 512 
multiparametric flow cytometry, and single-cell RNA sequencing. Taken together, this allows for 513 
a diverse range of powerful endpoints which can be brought together to explore a patient’s 514 
tumor heterogeneity and applicability of drugs such as immunotherapies.  515 
 516 
In summary, we describe a protocol to establish and evaluate cultures of 3D patient-derived 517 
bladder cancer organoids in the advent of precision medicine endpoints. It is important to note 518 
that the steps and notes described here are routine approaches used to isolate bladder cancer 519 
PDOs in our laboratory. The culture medium used in our procedure was originally described for 520 
prostate cancer cells and has now been proven to be suitable for the culture of bladder cancer. 521 
Importantly, this protocol is centralized, suitable for routine use in laboratories, and broadly 522 
applicable across urological cancer types. In combination with high fidelity molecular 523 
phenotyping and drug response endpoints, this technique will provide a useful tool to rapidly 524 
explore the precise therapeutic management of bladder cancer patients.  525 
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Response to Reviewers comments: 
 
Reviewer #1: 
 
Comment 
Even though the paper is mainly a protocol it would be good to acknowledge that even though 
heterogeneity is observed in the organoids morphologically, based on the information provided in the 
paper nothing is yet known about whether these organoids actually mimick the genetic and phenotypic 
make-up of the tumor. Especially, overgrowth of healthy cells has been a problem is multiple types of 
cancer organoids (i.e. NSCLC organoids) and at this point the organoids are not yet verified as being 
cancerous. Can the authors already say something about this based on the data that has been gathered 
to this point? Otherwise this could be more critically discussed in the Discussion as this is now only 
really shortly mentioned but is a major determinant in the efficacy of the protocol. 
 
Response 
We thank the reviewer for this suggestion. This method outlines the process to rapidly process clinical 
specimens in the effort to generate patient-derived organoids (PDOs) from primary bladder cancer 
tissue. Histopathological analyses show that the PDOs produced using this protocol are consistent with 
the histopathological appearance of the clinical tumour from which they are derived (Figure 3 and 
Figure 4). As part of a large urothelial carcinoma personalised medicine study, we are currently 
investigating the genetic and molecular phenotypes of PDOs isolated using this protocol in comparison 
to the parental primary tissues (Thomas, unpublished). We agree that every 3D cancer model exhibits 
intrinsic limitations for recapitulating patient-specific tumours and have thus added the following 
sentence into the discussion. (p15; Line 586):  
 



 

“Establishing with certainty that the PDOs originate from tumor tissue is a strong determinant of the 
procedure and serves to guide pre-clinical drug regimens that will exploit the oncogenic mutation of the 
tumor. Until the successful incorporation of a cellular niche, with high-fidelity mutational screening 
efforts, a contribution of normal urothelial cells will confound investigations into drug resistance. Thus, 
this platform cannot be used for those studies. Therefore, this protocol instead serves as a rapid, pre-
clinical platform alongside validation studies and other screens such as prognostic marker expression.” 
 
Comment 
The success rate is said to be around 70%, it would be good to know how many samples have been 
collected and how many samples actually were able to sustain long-term culture. This would help in 
assessing the efficacy of the protocol. 
 
Response 
We thank the reviewer for their suggestion. Tumour specimens from 26 BC patients have been collected 
to date. Given an unmet clinical need for rapid therapeutic testing we do not attempt to sustain long 
term culture and instead have prioritised patient drug testing and characterisation of these organoids.  
 
Comment 
The title talks about 'pharmacologic response', however the protocol does not say anything about 
assessing this in cancer organoids, nor whether it is actually successful in these organoids. Based on 
previous organoid research it will probably be possible (after the organoids have actually been verified 
to represent the parental tumor), but since it is not the focal point of the article perhaps the title should 
be slightly altered. 
 
Response 
We appreciate the reviewer’s comment. The focal point of this protocol is to generate human primary 
bladder cancer organoids to enable evaluation of drug responses. In order to highlight the powerful use 
of bladder cancer organoids as a precision medicine tool, we think this title is appropriate.  
 
Reviewer #2: 
 
Comment 
The engraftment of PDO from fresh tumors is the interest of the entire scientific community working 
on cancer. Regarding primary bladder cancer, the authors need to validate the model with clear read 
outs of the used protocol. Histological, genomic and molecular characterization of the model compared 
to origin tumor is mandatory. The authors must demonstrate that the PDO recapitulate the 
morphological architecture and genomic alterations of primary bladder cancer of origin according to 
others studies in the field. The authors might refer to Fusco et al., 2019 for the characterization of the 
model. In this paper, the authors followed a specific workflow to characterize the PDO model 
established from another tumor, Neuroblastoma. Without the experimental demonstration that PDO 
recapitulate the in vivo tumor the manuscript is weak. One of the major challenges in the field is the 
reliability with which a specific tumor can be used to generate an organoid. 
 
Response 
We thank the reviewer for raising this point. We agree that this in-depth characterisation – such as that 
performed by Fusco et al - would strengthen the overall manuscript, however, complete genomic and 
molecular characterisation of the model is outside the scope of the technique described in the JoVE 
methodology paper. We appreciate this is a vital aspect to organoid generation though and have included 
a histological image of parental patient tumour and matched organoid (see amended Figure 3 and an 
additional Figure 4). Further (epi)genomic, immunohistochemical and molecular characterisation is 



 

being included as part of a large collaborative study assessing urothelial carcinoma personalised 
medicine (Thomas, unpublished). We have also included Fusco et al., 2019 as a reference in the main 
manuscript and would like to thank the reviewer for pointing us in the direction of this body of work.  
 
Comment 
In addition, the authors should show the PDOs stemness capability as peculiar feature for the 
successfully engraftment of model from fresh tumor biopsies. 
 
Response 
Again, we would like to thank the reviewer for this suggestion. While the presence of pluripotent stem 
cells or organ progenitors is a hallmark of the cellular diversity of organoids, no reliable urothelial stem 
cell markers are currently known. Our future work aims to isolate cells which express CD44 and CD49, 
which are described as putative urothelial stem cell markers. We have added the below comment to the 
manuscript: (p15; Line 583): 
 
“As organoids are defined as self-organising structures with the ability to self-perpetuate their growth, 
further work will be required to elucidate these discrete cancer stem-cells (such as CD44 and CD49) 
which may allow for improved in vitro growth characteristics31-33” 
 
Additionally, we have recently performed preliminary quantitative real-time PCR analysis to confirm 
the expression of CD44 gene expression in bladder cancer biopsy tissues (Figure 1). Future studies will 
explore immunohistochemical and flow cytometry expression of CD44 and other putative cancer stem 
cell markers such as CD49, OCT4 and SOX4.  
 

 
 
Figure 1. Tissues collected represent urological tissue. (A) Heat map of BLCA specific gene expression 
in BM18 prostate cancer patient-derived xenograft (PDX) compared against low-grade urothelial cancer 
(stage Ta). Each column shows the relative expression of a single gene. Fold-enrichment of each gene 
normalized to RSP23 and compared to prostate cancer BM18 PDX. Fold-changes were log2 
transformed and are displayed in the heat map as the relative expression. (n=1, performed with three 
technical replicates). (B) Heat map of BLCA specific gene expression in high-grade (HG) carcinoma 
in situ (CIS) urothelial carcinoma (stage T3aN0) compared against matched adjacent normal 



 

urothelium. Fold-changes were expressed as above and compared against normal urothelium. (n=1, 
performed with three technical replicates).  
 
Comment 
In the point 24 of Section 3: Generation of Bladder Tumor Organoids, the authors indicate in NOTE: 
"Seeding density must be high for successful organoid propagation". What is the minimum quantity to 
get efficient PDO engraftment? Have been the authors performed set up experiments to identify the 
ideal quantity of cells from fresh tumor samples? A limit for the PDO engraftment is often the small 
amount of tumor material derived from patients. To overcome the limit being able to engraft PDO from 
small quantity of material is sure the biggest challenge in this field.  
 
Response 
We thank the reviewer for this comment. We agree that a paramount challenge in the field is 
reproducible PDO generation from limited amounts of tissue. This is particularly evident in prostate 
cancer for example, where often only small cores can be provided surplus to pathology testing. By 
contrast, bladder cancer specimens are typically rather large and thus material is not rate limiting. We 
have explored the PDO generation success rate from as minimal input as 50 mg of tissue, we find that 
the most significant feature regarding the success of the organoid culture is the significant heterogeneity 
between samples and careful preparation of the specimen.  
 
Comment 
In the point 26 of Section 3: Generation of Bladder Tumor Organoids the authors indicate "Add 1:3 of 
1X organoid medium media on top of Matrigel cell suspension". It is not clear the ratio 1:3 what it refers 
to! Please explain. 

 
Response 
We thank the reviewer for this comment. We have since amended the manuscript for clarity. (p10; Line 
425, section 3.28) 
 
“3.28. Add 1:3 ratio of 1X organoid medium media on top of BME cell suspension depending on the 
empirically assessed volume by the user. In the relevant starting point of 100 µL reconstituted cells/ 
BME mixture, add 50 µL of 1X organoid medium media on top. 
 
Comment 
The study would benefit from sharpening the conclusion on the powerful tool established considering 
the total absence of functional characterization of the system. 
 
Response 
We thank the reviewer for their comment and have revised the text to provide a more powerful rationale 
for this method. (p15; Line 601):  
 
“Additionally, the specimen collection procedure and dissociation method described herein allow 
concurrent preparations for of tumor spatial profiling, multiparametric flow cytometry and single-cell 
RNA sequencing. Taken together, this allows for a diverse range of highly powerful endpoints which 
can be brought together to explore a patient’s tumor heterogeneity and applicability of drugs such as 
immunotherapies. 
 
And (p15; Line 607, 608, and Line 613): 
 



 

In summary, we describe a protocol to establish and evaluate cultures of 3D patient-derived bladder 
cancer organoids in the advent of precision medicine endpoints. It is important to note that the steps and 
notes described here are routine approaches used to isolate bladder cancer PDOs in our laboratory. 
Culture medium used in our procedure was originally described for prostate cancer cells and has now 
been proven to be suitable for the culture of bladder cancer. Importantly, this protocol is centralized, 
suitable for routine use in laboratories and broadly applicable across urological cancer types. In 
combination with high fidelity molecular phenotyping and drug response endpoints, this technique will 
provide a useful tool to rapidly explore precise therapeutic management of bladder cancer patients.” 
 
 
Yours, Sincerely 
 

 
 
Associate Professor Elizabeth Williams  
Group Leader – Queensland Bladder Cancer Initiative 
Research Director, Centre of Personalised Analysis of Cancers (CPAC)  
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Clinical tissue processing  
 

Date: ______________ 

Processing by: ________________ 

Codename: ______________ 

 

Time collected: ____ 

 

Tissue descriptions 

Tissue type Weight Sample description (appearance, abnormalities, size, colour, necrosis) 

_____________ 
 

TURBT:  

Cystectomy:  

  

Gravity wash in 37°C basal media to remove dead cells. Tare empty 50 mL falcon and weigh (g or mg) 

 

Other specimen descriptions 

Specimen # samples Total volume # Stored -80°C Comments on sample 

Blood 

(EDTA) 

  See PBMC 

isolation protocol 

1mL Plasma taken  

_________________________________ 

Serum 

(SST) 

   

 

Urine 

(whole) 

    
 

Whole urine   

Urine sediment pellet   

PreservCyte (cytology)  Volume:             mL urine:    :     Volume:             mL PreservCyte (1: 3 ratio) 

Urine cytospin   

Urine agarose pellet   

As per standard specimen processing protocols. Any modifications please outline in general comments 

 

PBMC collection  

Sample Viability Cell number # of cryovials @ 1x107 Comments 

PBMC     

TILs     

   

Sample storage location: ________________________________________ 

 

Time: ________  

 

Cell clusters visible following extraction?  

 

 

General comments:  

________________________________________________________________________________________ 

________________________________________________________________________________________ 

 

 am    pm 

 am    pm 
Yes  No 

   

Insert picture of specimen(s) here 

Insert image of 

time = 0 of 

tumour 

organoids 
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