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SUMMARY: 22 

We show a method for necropsy and dissection of mouse prostate cancer models, focusing on 23 

prostate tumor dissection. A step-by-step protocol for generation of mouse prostate tumor 24 

organoids is also presented.  25 

 26 

ABSTRACT: 27 

Methods based on homologous recombination to modify genes have significantly furthered 28 

biological research. Genetically engineered mouse models (GEMMs) are a rigorous method for 29 

studying mammalian development and disease. Our laboratory has developed several GEMMs of 30 

prostate cancer (PCa) that lack expression of one or multiple tumor suppressor genes using the 31 

site-specific Cre-loxP recombinase system and a prostate-specific promoter. In this article, we 32 

describe our method for necropsy of these PCa GEMMs, primarily focusing on dissection of 33 

mouse prostate tumors. New methods developed over the last decade have facilitated the 34 

culture of epithelial-derived cells to model organ systems in vitro in three dimensions. We also 35 

detail a 3D cell culture method to generate tumor organoids from mouse PCa GEMMs. Pre-clinical 36 

cancer research has been dominated by 2D cell culture and cell line-derived or patient-derived 37 

xenograft models. These methods lack tumor microenvironment, a limitation of using these 38 

techniques in pre-clinical studies. GEMMs are more physiologically-relevant for understanding 39 

tumorigenesis and cancer progression. Tumor organoid culture is an in vitro model system that 40 

recapitulates tumor architecture and cell lineage characteristics. In addition, 3D cell culture 41 

methods allow for growth of normal cells for comparison to tumor cell cultures, rarely possible 42 

using 2D cell culture techniques. In combination, use of GEMMs and 3D cell culture in pre-clinical 43 

studies has the potential to improve our understanding of cancer biology.  44 
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 45 

INTRODUCTION 46 

Since the late 1980s, the ability to alter genes by homologous recombination has greatly 47 

advanced the study of biological systems1. Inducible, tissue-, or cell-specific promotor systems 48 

and site-specific recombinases, such as Cre-loxP, has advanced genetic studies by facilitating 49 

control over genetic modifications both temporally and spatially2-4. The combination of these 50 

genetic strategies has created a wide array of experimental model systems5-7. 51 

 52 

Genetically engineered mouse models (GEMMs) are an integral tool to assess how individual 53 

genes or groups of genes affect mammalian development and disease. In pre-clinical cancer 54 

research, GEMMs are the most physiologically-relevant and rigorous method to study cancer 55 

development, progression, and treatment8. Our laboratory specializes in generating and 56 

characterizing cancer GEMMs. 57 

 58 

The most highly diagnosed non-cutaneous cancer among men in the United States is prostate 59 

cancer (PCa). The majority of patients with PCa have low-risk disease and high likelihood of 60 

survival, but survival rates decline drastically when disease is diagnosed at advanced stages or if 61 

targeted hormonal therapy induces progression to aggressive, non-curable PCa subtypes9,10. Our 62 

laboratory has developed GEMMs that utilize floxed alleles of one or more tumor suppressor 63 

genes. Recombination and loss of tumor suppressor gene expression occurs specifically in the 64 

prostate because we have introduced a transgene with Cre recombinase downstream of the 65 

probasin promoter activated only in prostate epithelial cells11,12. We have also bred our GEMMs 66 

to contain a Cre reporter transgene called mT/mG, which induces Tomato fluorescent protein 67 

expression in cells lacking Cre and green fluorescent protein (GFP) expression in cells with Cre13. 68 

While the presentation of this method and our representative results show GEMMs we study in 69 

our laboratory, this protocol can be used to generate prostate cancer organoids from any mouse 70 

model. However, as discussed in detail in our representative results section, we have observed 71 

that certain tumor characteristics are optimal for prostate cancer organoid generation.  72 

 73 

In the last decade, new methods of culturing cells from tissues of epithelial origin has led to 74 

significant advances in our ability to model organ systems in vitro14,15. The term “3D cell culture” 75 

has been attributed to the techniques involved in establishing and maintaining organoids, which 76 

can be generally defined as structures made up of cells that assemble secondary architecture 77 

driven by organ-specific cell lineage characteristics16. These new methods are distinct from classic 78 

2D cell culture in that cells do not require transformation or immortalization for long term 79 

growth; thus, 3D cultures of normal cells can be compared to diseased cells. This is particularly 80 

valuable in cancer research where normal cell control cultures have typically not been available. 81 

In addition, organoids spontaneously form secondary tissue architectures with appropriately 82 

differentiated cell types, making them a better model system to understand cancer in vitro than 83 

2D cell lines17. Our laboratory has created 3D organoid lines from tumor issue isolated from our 84 

PCa GEMMs to complement our in vivo data and perform experiments which would not be 85 

feasible in GEMMs.   86 

 87 
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In this article, we present written and visual protocols for the complete necropsy of PCa GEMMs, 88 

including dissection of distinct mouse prostate lobes and metastatic lesions. We describe and 89 

show a step-by-step method for generating organoids from mouse prostate tumors based on a 90 

protocol previously published by Drost et al. for deriving organoids from normal mouse prostate 91 

epithelial tissue18. 92 

 93 

PROTOCOL 94 

Animal procedures described here were performed with the approval of the Institutional Animal 95 

Care and Use Committee (IACUC) at the Department of Laboratory Animal Resources, Roswell 96 

Park Comprehensive Cancer Center, Buffalo, New York. 97 

 98 

NOTE: Male mice to be dissected to isolate prostates or prostate tumors for generation of 99 

organoids should have at least reached the age of sexual maturity—about 8-10 weeks of age. 100 

Specific ages of mice can vary amongst studies. Some factors to consider when choosing age 101 

include age-dependent changes in prostate cell populations, age-dependent expression of 102 

specific promoter-driven Cre transgenes, and rate of prostate tumor progression in a particular 103 

GEMM.  104 

 105 

1. Dissection and imaging of mouse prostate tumor and metastatic tumors 106 

 107 

1.1. Preparations 108 

 109 

1.1.1. Obtain necessary sterile dissection tools. Stage dissection area on clean sterile surface 110 

with a 15 cm ruler, precision balance, analytical balance, spray bottle with 70 % ethanol, 111 

phospho-buffered saline (PBS), and paper towels. 112 

 113 

1.1.2. Preparation of fixative solutions for visceral organs and bones not to be used for 114 

organoid generation 115 

 116 

1.1.2.1. For visceral organs: Prepare 4% paraformaldehyde (PFA) in PBS. For one mouse, make 117 

20 mL of 4 % PFA, aliquot into two 15 mL conical tubes and keep at room temperature until use. 118 

 119 

1.1.2.2. For long bones: Aliquot 10 mL of pre-made 10% neutral buffered formalin (NBF) in one 120 

15 mL conical tube and keep at room temperature until use. 121 

 122 

1.1.3. Obtain untreated 10 cm dishes and fill with non-sterile PBS—these will serve as 123 

temporary containers for organs during fine dissection using a dissection microscope. 124 

 125 

NOTE: Sterile tools are used for dissecting tissues for generating organoids. Non-sterile tools are 126 

used for the initial incision and dissection of the hind limbs.  127 

 128 

1.2. Euthanasia and initial incision 129 

 130 
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1.2.1. Euthanize the mouse by CO2 asphyxiation using a 2.0 L/min flow rate for 5 min. Remove 131 

the mouse from the cage and perform cervical dislocation. Use the precision balance to measure 132 

the mouse’s body weight and record. 133 

 134 

1.2.2. Place the mouse on top of a paper towel and orient on the dissection surface ventral side 135 

up with the mouse’s head facing away from the investigator. Affix the mouse to the board by 136 

stretching out its limbs and piercing each of the forepaws and hind paws with one disposable 137 

needle. 138 

 139 

1.2.3. Using a spray bottle, douse the mouse’s fur with 70% ethanol. Using non-sterile dissection 140 

scissors and straight forceps, pinch just above the mouse’s penis and make a small incision 141 

through the fur only. 142 

 143 

1.2.4. Continue the incision midline up to the mouse’s neck through the fur only. Make bilateral 144 

incisions from the point of the initial incision through the mouse’s ventral plane through the fur 145 

only. 146 

 147 

1.2.5. Grasp the fur and carefully pull it away from the skin of the mouse. Pin down the fur to 148 

the board to allow access to both the abdominal and thoracic cavities.  149 

 150 

1.3. Extraction of male urogenital system en bloc 151 

 152 

1.3.1. Using sterile dissection scissors and straight forceps, carefully cut through the skin about 153 

0.75 cm above the rectum. Continue the incision midline up to the ribcage without disturbing any 154 

organs in the abdominal cavity. Carefully pull the skin away and pin to the board to expose the 155 

entire abdominal cavity.  156 

  157 

NOTE: Do not allow these instruments to touch the outside of the mouse or any surface in the 158 

staging area, as these tissues will be used to generate organoids. 159 

 160 

1.3.2. Dissect the urogenital system and other organs according to the diagram in Figure 1A, 161 

with numbers indicating the order the organs will be removed from the mouse. 162 

 163 

1.3.3. Find the bladder, then grasp the fat pad to either the left or right and pull upward to 164 

expose the testicle. Carefully dissect away the testicle from the rest of the urogenital region and 165 

put aside. Do the same procedure on the other side. 166 

 167 

NOTE: Achieving the optimal tissue quality and detailed tumor characterization of prostate 168 

tumors requires that the entire urogenital region be removed from the mouse en bloc19. It is 169 

recommended that the urogenital region be removed first (Figure 1A).  170 

  171 

1.3.4. Grasp the bladder and carefully pull up so that the urogenital region lifts together, 172 

exposing the urethra underneath. While holding the bladder, orient the scissors so they are 173 
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against the underside of the dorsal prostate and cut the urethra. The entire urogenital region will 174 

then release from the abdominal cavity.  175 

 176 

1.3.5. Put the urogenital region in a 10 cm dish filled with PBS. If still filled with urine, drain the 177 

bladder by making a small incision. Using the analytical balance, weigh the urogenital system and 178 

record.  179 

 180 

1.4. Extraction of pelvic lymph nodes, spleen, liver, kidney, lung, tibia, and femur 181 

 182 

1.4.1. Removing the urogenital system exposes the pelvic lymph nodes, positioned right behind 183 

the urogenital system (Figure 1A) and on either side of the spine. The lymph nodes will only be 184 

visible if they contain metastatic lesions or if there is local inflammation. Orient the straight 185 

forceps underneath the lymph node and pull up to remove the lymph node. Do the same 186 

procedure on the other side. 187 

 188 

1.4.2. Grasp the rectum with the straight forceps and cut. Pull on the rectum to unravel the 189 

entire colon and small intestine, looking for metastatic lesions in the mesenteric lymph nodes. 190 

When the entire ileum is removed, continue to pull on the duodenum to expose the stomach. 191 

Cut the esophagus to completely remove the stomach and discard. If any metastatic lesions in 192 

the lymph nodes are observed, carefully dissect away from the intestine and store in a 10 cm dish 193 

of PBS.  194 

 195 

1.4.3. Exposing and removing the stomach will pull the spleen from the dorsal side of the 196 

abdomen (Figure 1A). Remove the spleen and place in 4% PFA. The spleen serves as a staining 197 

control for hemotoxylin as it is highly cellular. 198 

  199 

NOTE: Visceral tissues not to be used for organoid generation will be fixed overnight in 4% PFA, 200 

washed with PBS, and then placed in 70 % ethanol. 201 

 202 

1.4.4. Remove the liver in the upper part of the abdomen (Figure 1A). Based on the metastatic 203 

load in the liver, individual lobes can be dissected, or the entire liver can be removed by carefully 204 

cutting along the diaphragm. (Do not cut through the diaphragm at this time). Place the liver in a 205 

10 cm dish of PBS. 206 

 207 

1.4.5. Removing the liver will fully expose the kidneys on either side of the spine (Figure 1A). 208 

Remove the kidneys–along with the renal lymph nodes, if the nodes have metastatic lesions—by 209 

placing the straight forceps underneath the kidney and pulling up. Do the same procedure for 210 

the other side. 211 

 212 

1.4.6. To expose the thoracic cavity, carefully cut the diaphragm along the ribcage. Piercing the 213 

diaphragm will release the negative pressure in the thoracic cavity and expose the heart and 214 

lungs (Figure 1A).  215 

 216 
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1.4.7. Grasp the sternum and pull up to open the thoracic cavity further. Observe the ventral 217 

face of the thoracic cavity along the rib cage for metastatic lesions in the thoracic lymph nodes 218 

and dissect, if present.  219 

 220 

1.4.8. While still holding the sternum, cut away the ventral rib cage to access the heart and 221 

lungs. Grasp the heart, pull up and cut underneath the lungs. To fully remove the heart and lungs 222 

en bloc, cut all anterior blood vessels and the trachea. Place the tissue in PBS and carefully 223 

remove the heart without damaging the lung tissue or lung metastatic lesions. 224 

 225 

1.4.9. Take the non-sterile straight forceps and dissecting scissors and cut the hind leg at the 226 

head of the femur. Carefully grasp the femur and remove the hind leg from the fur.  227 

 228 

1.4.10. Place the hind leg on a paper towel and grasp the hind paw. Use the single edge razor 229 

blade to scrap/cut away all muscle and connective tissue from the tibia and femur. Remove the 230 

femur from the tibia by cutting posterior to the patella and remove the tibia by removing the 231 

hind paw. Place the tibia and femur in 10% NBF. Do the same procedure on the other side. 232 

 233 

NOTE: For the purposes of examining the long bones of the mouse for metastatic lesions, the 234 

fibula does not need to be intact. The long bones will be fixed in 10% NBF for one week, then 235 

decalcified using neutral EDTA solution20. After three weeks, the bones will be transferred to 70% 236 

ethanol.  237 

 238 

1.4.11. After removing the hind limbs, take an ear or tail cutting for future genotyping. Discard 239 

the mouse carcass and all tissue not to be fixed or used for organoid generation.   240 

 241 

1.5. Dissection of prostate tumor 242 

 243 

NOTE: Dissection of mouse prostate lobes can only be achieved using a dissecting microscope19. 244 

However, the prostate tumor load can be so high that individual lobes cannot be distinguished, 245 

and dissection can be carried out without a microscope. Nevertheless, the full protocol for 246 

dissection of individual prostate lobes is described below. 247 

  248 

1.5.1. Place the urogenital region in a 10 cm dish of PBS under a dissecting microscope and 249 

orient the ventral side up with the bladder and seminal vesicles facing away from the investigator. 250 

All manipulation of the urogenital region should be done using sterile instruments.  251 

 252 

1.5.2. Assess the general phenotype of the prostate tumor– most likely, either a fluid-filled or 253 

solid tumor will be observed in PCa GEMMs (Figure 2A, B). 254 

 255 

NOTE: Fluid-filled tumors are often located in the anterior prostate region (Figure 2A). Fluid filled 256 

tumors are made up of primarily connective tissue with scant epithelial components – thus these 257 

tumors are not optimal for organoid generation because of the low number of tumor epithelial 258 

cells, as will be discussed in the representative results section. 259 

 260 
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1.5.3. If fluid filled tumors are present, poke a small hole in the tumor. Place the urogenital 261 

region in a new 10 cm dish of PBS. 262 

 263 

1.5.4. Take a pair of straight forceps in the non-dominant hand and curved forceps in the 264 

dominant hand. Flip the urogenital region to its dorsal face. Look for the proximal prostate region 265 

(Figure 1B), which can be identified by the pink/red color of the urethra. Grasp the urethra and 266 

hold firmly so to manipulate the urogenital tissue with the curved forceps.  267 

 268 

NOTE: During prostate dissection, always take note of the bladder’s location, as this is the 269 

simplest way to locate the individual prostate lobes (Figure 1B). 270 

 271 

1.5.5. Removal of non-prostate tissue from the urogenital region 272 

 273 

1.5.5.1. While still on the dorsal face of the urogenital region, find the base of the seminal vesicle. 274 

Carefully remove the seminal vesicle and discard. Perform the same procedure on the opposite 275 

side. 276 

 277 

NOTE: Avoid puncturing the seminal vesicle, as that will release sticky and opaque secretory fluid 278 

which interferes with prostate dissection. If the seminal vesicle is punctured, transfer the 279 

remaining urogenital region to new 10 cm dish with fresh PBS. 280 

 281 

1.5.5.2. Remove and discard the vas deferens and as much fatty and connective tissue as possible 282 

using the curved side of the forceps.  283 

 284 

1.5.5.3. While still firmly holding the urethra/proximal prostate region, use a pair of fine, pointed 285 

scissors to remove the bladder from the urethra.  286 

 287 

1.5.6. Isolation of individual prostate lobes 288 

 289 

1.5.6.1. Locate the anterior prostate (Figure 1B). Ensure to firmly hold the proximal prostate 290 

region/urethra with the straight forceps. Remove the anterior prostate region by directly 291 

grasping the tissue with the curved side of the forceps and firmly pulling it away from the bladder 292 

and the rest of the prostate. Place the tissue in PBS.  293 

 294 

NOTE: For all prostate regions, dissecting scissors may be required to remove the tissue, 295 

depending on the size of the tumor. 296 

 297 

1.5.6.2. Locate the ventral prostate region (Figure 1B). Remove the ventral prostate region in the 298 

same manner as in step 1.5.7. 299 

 300 

1.5.6.3. At this point in the dissection, only the lateral and dorsal prostate regions should be 301 

present, while the proximal prostate region is still being grasped by the straight forceps. Assess 302 

the lateral and dorsal prostate regions (Figure 1B). If the lateral region can be distinguished from 303 
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the dorsal region, remove the lateral prostate region as described in step 1.5.7. Do the same 304 

procedure on the opposite side. 305 

 306 

1.5.6.4. Remove the dorsal prostate region as described in step 1.5.7. Place the proximal prostate 307 

region in 4% PFA, as its structure within the muscular tissue of the urethra makes it unsuitable 308 

for organoid generation.  309 

 310 

2. Generation of 3D organoids from prostate tumor tissue 311 

 312 

NOTE: Figure 3 shows a pictorial description of the procedure for generation of tumor organoids.  313 

 314 

2.1. Preparation 315 

 316 

2.1.1. Prepare mouse prostate organoid media according to Drost et al.18 with the following 317 

alterations. Use conditioned medium instead of recombinant proteins for Noggin and R-Spondin 318 

and use a final concentration of 1% (v/v), instead of 10 %, for both Noggin- and R-Spondin-319 

conditioned medium. 320 

 321 

NOTE: HEK293 cells stably transfected with HA–mouse Noggin–Fc or HA–mouse Rspo1–Fc are 322 

used to produce Noggin- or R-Spondin- conditioned medium, respectively. These cell lines were 323 

a gift from the Calvin Kuo Laboratory at Stanford University.  324 

 325 

2.1.2. Prepare digestion solution in a 15 mL tube by diluting 20 mg/mL collagenase II with 326 

Advanced DMEM/F12(+++) media to a final concentration of 5 mg/mL. Add Y-27632 Rock 327 

Inhibitor to the collagenase II solution at a final concentration of 10 µM.  328 

 329 

NOTE: The ratio of digestion buffer to tissue is 1 mL to 50 mg, which we use according to Drost 330 

et al.18.  331 

 332 

2.2. Mincing and digestion of tumor tissue 333 

 334 

2.2.1. In the cell culture hood, place prostate tumor tissue in a sterile 10 cm culture dish, dissect 335 

and discard necrotic tissue. 336 

 337 

2.2.2. Mince the remaining prostate tumor tissue into 1 mm3 cubes by holding the tissue pieces 338 

with the sterile curved forceps and cutting with dissection scissors. 339 

 340 

2.2.3. Place the minced tumor pieces in the 15 mL tube with the digestion buffer by scooping 341 

them up with the curved side of the forceps. Digest the tumor tissue at 37 °C with shaking for 1.5 342 

to 2 h. Check digestion progress every 20 min. 343 

 344 

NOTE: At this time, take out at least 2 mL of matrix from -20 °C storage and thaw on ice. 1 mL 345 

aliquots of matrix will take approximately 3 h to thaw. 346 

 347 
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2.2.4. After tissue digestion, centrifuge tube at 175 x g for 5 min at 4 °C to form a cell pellet. 348 

 349 

2.2.5. Remove the supernatant, flick the tube to loosen the cell pellet, and resuspend the cell 350 

pellet in 1 mL of pre-warmed trypsin supplemented with 10 µM Y-27632 Rock Inhibitor. Put the 351 

tube in a 37 °C water bath for 5 min.  352 

 353 

2.2.6. After incubation, pipette up and down 5 times with a standard P1000 tip. Return the tube 354 

to 37 °C water bath for another 5 min and repeat step 2.2.6. 355 

 356 

NOTE: At this time in the procedure, warm a sterile 6-well cell culture dish by putting it into a 55 357 

°C incubator.   358 

 359 

2.3. Counting cells and resuspension in matrix 360 

 361 

2.3.1. Wash the cells by adding 9 mL of cold AdDMEM/F12(+++) and centrifuge the tube at 175 362 

x g for 5 min at 4 °C. 363 

 364 

2.3.2. After centrifugation, remove the supernatant, flick the tube to loosen the pellet, and wash 365 

the cells again by adding 10 mL of cold AdDMEM/F12(+++). Centrifuge the tube at 175 x g for 5 366 

min at 4 °C. 367 

 368 

2.3.3. After centrifugation, remove the supernatant, flick the tube to loosen the pellet, 369 

resuspend the cells in 1 mL of AdDMEM/F12(+++), and count the number of cells using a 370 

hemocytometer according to standard procedure.  371 

 372 

2.3.4. Seven-to-eight domes fit in one well of a 6 well dish when organoids are plated in matrix 373 

via a drop-wise fashion. Approximately 200 μL of matrix will produce 7-8 domes. Decide how 374 

many wells of organoids are needed for future experimental purposes and calculate the volume 375 

of matrix required. Then, calculate the volume of cell-containing solution needed to have a final 376 

concentration of 1.0 x 106 cells/mL of matrix.  377 

 378 

2.3.5. After counting cells, centrifuge at 175 x g for 5 min at 4 °C. Remove the supernatant, flick 379 

the tube to loosen the pellet, and resuspend the cells in volume of matrix calculated in step 2.3.4.  380 

 381 

NOTE: Matrix remains in liquid form only at 4 °C; keep matrix stock tubes and matrix-cell solutions 382 

on ice at all times.  383 

 384 

2.4. Plating matrix domes and application of media 385 

 386 

2.4.1. Mix matrix-cell solution with a P200 pipet to evenly distribute the cells without introducing 387 

bubbles. Remove the 6-well culture dish from the 55 °C incubator.  388 

 389 

2.4.2. Carefully pipette 200 μL of matrix-cell solution and quickly drop the solution into a well to 390 

create domes. 391 
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 392 

2.4.3. Repeat step 2.4.2. until volume of matrix-cell solution is spent. Allow the domes to solidify 393 

at room temperature for 2 min. 394 

 395 

2.4.4. Flip the 6-well dish upside-down and put the dish into a 37 °C incubator to continue 396 

solidification for 20 min. 397 

 398 

2.4.5. After incubation, add 2 mL of mouse prostate organoid media to each well. Add synthetic 399 

androgen R1881 to each well for a final concentration of 1 nM and Y-27632 Rock Inhibitor to a 400 

final concentration of 10 μM. Mix carefully and place the plate in a 37 °C incubator for culturing. 401 

 402 

NOTE: Organoid culture media needs to be supplemented with 10 µM Y-27632 Rock Inhibitor for 403 

only 1 week after organoid generation. 404 

 405 

REPRESENTATIVE RESULTS 406 

Representative necropsy images of a mouse with a large fluid-filled primary prostate tumor in 407 

the anterior prostate region are shown in Figure 2A. In contrast, Figure 2B, shows representative 408 

necropsy images of a mouse with a large solid primary prostate tumor for which individual 409 

prostate regions are indistinguishable. Fluorescent dissection images show the same solid 410 

prostate tumor from Figure 2B expressing GFP, indicating that the tumors cells express Cre 411 

(Figure 2C). Tissue that does not express probasin, such as the bladder, express Tomato and thus 412 

does not express Cre (Figure 2C). The liver and lungs from the mouse from Figure 2B have 413 

metastatic tumors expressing GFP, showing that they originated from the primary prostate 414 

tumor, and are surrounded by normal tissue that expresses Tomato (Figure 2C). Finally, the pelvic 415 

lymph node from this mouse expresses GFP and not Tomato, indicating that this metastatic 416 

tumor has overtaken this organ and no normal tissue remains (Figure 2C).  417 

 418 

We show images in Figure 4 of organoids we have generated from a solid prostate tumor. At Day 419 

1, small organoids are forming, as seen in the representative phase contrast images. Fluorescent 420 

images on Day 1 show that both Tomato and GFP expressing cells are present in the tumor 421 

organoid culture (arrows). However, by Day 7 when prostate tumor organoids have fully formed, 422 

these organoids are expressing GFP and not Tomato. These data suggest that these organoids 423 

have originated from tumor cells that were expressing Cre and not from normal epithelial cells. 424 

These tumor organoids continue to be only GFP-positive as we expand our culture to passage 1 425 

and 2.  426 

 427 

In Figure 5, we show images of organoids we have generated from a fluid-filled prostate tumor. 428 

On Day 1, small organoids are forming, and fluorescent images show that both Tomato- and GFP-429 

expressing cells are present in the organoid culture—similar to our observation at Day 1 for 430 

organoids generated from a solid prostate tumor (Figure 4). However, organoids from a fluid-431 

filled prostate tumor express either GFP or Tomato at Day 7—indicating that organoids have 432 

formed from cells that do not express Cre. This pattern continues at passage 1 and passage 2, 433 

where the culture has both Tomato- and GFP-expressing organoids. Further analysis of these 434 

organoids is severely limited because the line is a mixture of normal epithelial organoids and 435 
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tumor organoids. We believe that fluid-filled prostate tumors are suboptimal in generating tumor 436 

organoids simply because there is a greater percentage of normal prostate epithelial cells. Since 437 

both normal prostate epithelial cells and prostate cancer cells form organoids, the lines 438 

generated from fluid-filled prostate tumors are a mixture of normal and cancer organoids. We 439 

obtain pure tumor organoid lines from fluid-filled prostate tumors by flow sorting for GFP-440 

positive cells and generating organoids from that population of cells. Solid prostate tumors are 441 

primarily comprised of tumor cells, therefore organoids generated from these tumors are a more 442 

pure population of cancer organoids without prior sorting for GFP. 443 

 444 

LEGENDS TO FIGURES 445 

Figure 1. Our recommended dissection order for prostate cancer (PCa) genetically engineered 446 

mouse models (GEMMs) and anatomy of the mouse prostate. (A) The order we recommend in 447 

our protocol for dissecting the major organs from a PCa GEMM. 1. Urogenital region. 2. Pelvic 448 

lymph nodes. 3. Spleen. 4. Liver. 5. Kidneys. 6. Lungs. 7. Tibia and Femur. (B) Map of the mouse 449 

urogenital region and prostate anatomy. Fluorescent dissection images of a 12 week old mouse 450 

expressing probasin-Cre and the mT/mG Cre reporter transgene. Bladder (BL), seminal vesicles 451 

(SV), anterior prostate (AP), ventral prostate (VP), lateral prostate (LP), dorsal prostate (DP), and 452 

proximal prostate (PP).  453 

 454 

Figure 2. Representative dissection images of prostate cancer (PCa) genetically engineered 455 

mouse models (GEMMs). (A) The abdominal cavity prior to removal of the urogenital region and 456 

the urogenital region with a fluid-filled prostate tumor. (B) The abdominal cavity prior to removal 457 

of the urogenital region and the urogenital region with a solid prostate tumor. (C) Representative 458 

Tomato and GFP fluorescent images of a solid prostate tumor, liver, lung, and pelvic lymph node 459 

from a PCa GEMM that develops metastatic lesions. Bar = 5 mm. Bladder (BL), anterior prostate 460 

(AP), and dorsal prostate (DP).  461 

 462 

Figure 3. Flow chart of the protocol for generating prostate tumor organoids. After dissecting 463 

the prostate tumor, mince the tissue into 1 mm pieces. Digest the tumor pieces in collagenase, 464 

collect the cells, and digest in trypsin to obtain a single cell suspension. After counting cells, 465 

resuspend in volume of matrix required for a 1.0 x 106 cell/mL cell concentration. Plate domes in 466 

dish using a drop-wise method.  467 

 468 

Figure 4. Representative images from generation of mouse prostate tumor organoids from a 469 

solid prostate tumor. Representative phase contrast, Tomato, and GFP fluorescent images from 470 

Day 1, Day 7, Passage 1, and Passage 2 of organoids generated from a solid mouse prostate 471 

tumor. Bar = 100 µm. Arrows indicate individual cells in fluorescent images.  472 

 473 

Figure 5. Representative images from generation of mouse prostate tumor organoids from a 474 

fluid-filled tumor. Representative phase contrast, Tomato, and GFP fluorescent images from Day 475 

1, Day 7, Passage 1, and Passage 2 of organoids generated from a fluid-filled mouse prostate 476 

tumor. Bar = 100 µm. Arrows indicate individual cells in fluorescent images.  477 

  478 

DISCUSSION: 479 
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Critical steps within the protocol for prostate tumor dissection and organoid generation 480 

Removal of non-prostate tissue and fine dissection of the mouse prostate tumor is crucial for the 481 

optimal generation of cancer organoids since both non-prostate epithelial cells and normal 482 

prostate epithelial cells will generate organoids. For solid prostate tumors specifically, it is crucial 483 

to isolate areas of viable tumor to remove contamination with necrotic tissue that would reduce 484 

the number of viable cells. During organoid generation, tissue digestion with collagenase should 485 

be diligently monitored, as prolonged exposure to collagenase will limit cell viability. With 486 

organoids derived from cancer GEMMs, it is crucial to fully genotype each line to ensure that all 487 

transgenes and modified alleles that were engineered in the mouse are present in the organoids. 488 

Repetition of genotyping after prolonged passaging is also necessary to ensure that genetic 489 

modifications are maintained.   490 

 491 

Modifications and troubleshooting of prostate tumor dissection and organoid generation 492 

We have observed mouse to mouse variability in prostate tumor characteristics, even amongst 493 

animals with the same genotype. Therefore, specific modifications to the prostate dissection 494 

protocol described here may be necessary for each mouse. In addition, adaptability is necessary 495 

when dissecting metastatic tumors since it is difficult to predict the severity of these lesions prior 496 

to starting the dissection.  497 

 498 

On a few occasions, we have observed excess contamination of our cell pellet with what appears 499 

to be connective tissue, even after digestion with both collagenase and trypsin. When this occurs, 500 

we resuspend the pellet in at least 2 mL of AdDMEM F12(+++) and use a 40 µm cell strainer to 501 

remove the connective tissue. Since there is lot-to-lot variability in the solidification rate of the 502 

matrix, increasing or decreasing the time for dome solidification may be necessary prior to 503 

application of organoid media.  504 

 505 

Limitations in using GEMMs 506 

While GEMMs are the most rigorous method for pre-clinical cancer studies, this approach 507 

requires significant time, expense, and training. In addition, mouse to mouse variability can, as 508 

in the study of humans, complicate interpretation of data. 509 

 510 

Limitations in using 3D cell culture 511 

Compared to 2D cell culture, generating and maintaining organoid lines require increased time 512 

and cost. For instance, our tumor organoid lines are passaged every 2-3 weeks, while cell lines 513 

can be passaged every 2-3 days. This slower growth rate of organoids increases the time required 514 

to complete experiments considerably. Organoid culture media contains several specialized 515 

growth factors and reagents, which can be costly depending on source, thus generating and 516 

maintaining organoids is more expensive than traditional 2D cell lines. Finally, our laboratory and 517 

others have observed lot to lot differences in matrix and other reagents—creating a challenge 518 

for maintaining consistency in organoid growth for long term experiments. 519 

 520 

Significance in using 3D cell culture with respect to existing/alternative methods 521 

Pre-clinical cancer research has been dominated by 2D cell culture and cell line-derived xenograft 522 

models. Cell growth in 2D requires transformation/immortalization–thus both in vitro and 523 
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xenograft studies using 2D cultures typically do not have unaltered normal cell lines to serve as 524 

non-cancer controls. The last decade of research in 3D organoid culture of normal epithelial-525 

derived tissues has now allowed for the growth of non-cancerous epithelial tissues that can be 526 

used to compare to analogous organoids derived from cancer tissue. Cancer organoids can also 527 

be used to establish xenografts to further understand tumor development. In addition, non-528 

cancer organoids can be used to generate control xenografts—which was not possible before 3D 529 

cell culture methods were developed16.  530 

 531 

Significance in using 3D cell culture in prostate cancer research 532 

In recent studies, organoids have been used to recapitulate GEMM prostate tumor 533 

characteristics. Dardenne et al. show that organoids generated using prostate tumors from 534 

GEMMs that simultaneously lack the tumor suppressor Pten and overexpress the MYCN 535 

oncogene had greater growth potential than organoids generated using prostates from control 536 

GEMMs. In addition, both sequencing and immunohistochemistry showed that tumor organoids 537 

recapitulated the expression profiles of prostate tumors both lacking Pten and overexpressing 538 

MYCN21. Blattner et al. show that simultaneous prostate overexpression of an oncogenic mutant 539 

of Speckle Type BTB/POZ Protein (SPOP) and deletion of Pten increases the rate of tumorigenesis 540 

in GEMMs. When prostate organoids were generated to overexpress mutant SPOP, their 541 

proliferation was increased compared to control prostate organoids and lineage marker 542 

expression recapitulated original prostate tumors22. Together, these studies demonstrate that 543 

organoids are an optimal model for further study of prostate tumor characteristics in GEMMS.   544 

 545 

Organoid culture has also been used as a tool to assess individual subpopulations of prostate 546 

tumor cells. Using GEMM tumors that lack Pten and both Pten and Trp53 tumor suppressors in 547 

prostate epithelial cells, Agarwal et al. fractionated cells into basal and luminal progenitors, 548 

propagated these subpopulations as organoids, and further characterized their specific 549 

phenotypes23. Thereby using 3D cell culture, it is possible to characterize subpopulations of 550 

tumor cells which may be limited in abundance within prostate tumors themselves.  551 

 552 

As described above, 3D cell culture techniques permit the growth of normal epithelial cells. 553 

Thereby, prostate organoids generated from GEMMs lacking a Cre driver provide a unique model 554 

for real time monitoring of tumorigenesis by induction of Cre recombinase in vitro. Indeed, 555 

Dardenne et al. assessed how NMYC overexpression affects growth potential in the context of 556 

Pten loss over time by ectopically expressing ERT2-Cre and treating with tamoxifen21. 557 

Additionally, the effect of NMYC overexpression on androgen receptor (AR), the major target of 558 

therapy for prostate cancer, was assessed after induction of Cre recombinase in organoids 559 

generated from GEMMs21. The same inducible Cre system was used by Blattner et al. in prostate 560 

organoids to measure how overexpression of mutant SPOP affects prostate cancer cell 561 

proliferation and AR expression22. Notably, experiments inducing Cre expression in vitro have a 562 

built-in non-cancer control with vehicle-treated organoids.  563 

 564 

Specific limitations in using 3D cell culture in prostate cancer research 565 

While organoid growth of normal epithelial cells is an advantage of using 3D cell culture 566 

techniques, capacity to grow normal organoids has also presented a challenge in prostate cancer 567 
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research studies. As shown in our representative results section, we have observed outgrowth of 568 

normal prostate organoids in lines generated from prostate tumors which are less aggressive 569 

(Figure 5). One way to address this phenomenon is to generate organoids from GEMMs 570 

expressing a Cre reporter transgene, such as mT/mG. Fluorescent microscopy can be used to 571 

assess the relative ratio of normal to tumor organoids by observing expression of Tomato and 572 

GFP. In addition, GFP expression can be used to flow sort organoid cells to generate pure prostate 573 

tumor organoid lines. Agarwal et al. show a sorting method for separation of normal epithelial 574 

cells and cancer cells from GEMM prostate tumors without a Cre reporter. They show that 575 

epithelial cell adhesion molecular (EpCAM)-positive cells from prostate tumors did not separate 576 

into subpopulations when sorted using either CD24 or Sca-1 cell surface markers23—thus, these 577 

markers could be employed to exclude normal prostate epithelial cells from GEMM prostate 578 

tumors prior to organoid generation. Our laboratory and others have observed that the 579 

conditions under which prostate cancer cells form organoids appear to either select for or 580 

promote lineage specific gene expression programs characteristic of prostate basal epithelial 581 

cells. This is a significant challenge because prostate tumors in both mice and humans are 582 

primarily luminal in nature, expressing AR, CK8, and other luminal markers, and rarely express 583 

basal lineage markers such as p63 or CK5. While this phenomenon has yet to be published in 584 

detail, immunohistochemistry analysis shows that AR is decreased in Ptenf/+ organoids 585 

compared to Ptenf/+ prostates21. The outgrowth of basal epithelial cells in prostate cancer 586 

organoids calls into question whether these lines are truly an accurate pre-clinical model of 587 

prostate cancer. 588 

 589 

While prostate cancer organoids have been documented to model the tumor from which they 590 

are derived better than traditional 2D culture, there is potential for organoids to undergo genetic 591 

changes in culture, especially after several passages. Currently, we are not aware of any 592 

published studies that have documented spontaneous genetic mutations, genetic gains or losses, 593 

or epigenetic changes that are common after prolonged passaging of prostate cancer organoids. 594 

To limit variability as a result genetic or epigenetic changes that may occur due to prolonged 595 

passaging, experiments should be performed in early organoids from early passages (<10) as 596 

often as possible. 597 

 598 

Future applications of 3D cell culture  599 

While it is impossible to predict all future applications that will be developed using 3D cell culture 600 

in cancer research, there are several avenues which appear to have the most potential. As with 601 

2D cell lines, carrying out in vitro genetic modification is relatively straightforward in organoids. 602 

Modifying specific genes in either normal or cancer organoids opens up many possibilities in the 603 

study of the mechanisms governing tumorigenesis, cancer progression, and treatment—604 

especially when genetically-modified organoids are used to generate organoid xenografts. 605 

Genetic modification of organoids is greatly advantageous when GEMMs do not exist for a 606 

specific gene or establishing a new GEMM is outside the scope of a particular study. 607 

 608 

Cancer organoid culture also has many potential applications for clinical research. A library of 609 

relevant tumor subtypes within each organ system from both patients and animal models could 610 

be used to quickly assess efficacy of a new drug or new combination of existing drugs. As 3D cell 611 
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culture becomes mainstream and increases in efficiency, generating patient-derived organoids 612 

for the purpose of personalized medicine has the potential to help tailor treatment for each 613 

cancer patient by testing all available drugs and combinations of drugs using his or her individual 614 

organoid line16.   615 
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8. Protection of the Work. The Author(s) authorize
JoVE to take ste s 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 wai es any and all
ri hts 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 r presents 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 JoV  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 Authorwarrants

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  ith all  overnment, 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  uidelines, a plicable to the Materials,
and that all research involving human and ani al subjects
has been approved by the Author's relevant institutional
revie  board.
11. JoVE Discretion. If the Author requests the
assistance of JoV  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 A reement, JoVE may, in its sole

612542.6 For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the

Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves t e right, in its absolute and sole

discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, a ents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author s institution as necessary to make the Video,

whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, li hting, filming, timing of publication, if any,
length, quality, content and the like.
12. indemnification. The Author agrees to indemnify

JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney's

fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney s fees, resulting from the breach by the Author of
any representation or  arranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author s or the Author's institution s
facilities, fraud, libel, defamation, research, equipment,

e periments, pro erty damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, re ulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to

JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoV  harmless fro , damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author's expense. All indemnifications provided herein
shall include JoVE's attorney s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its

employees, agents or independent contractors.
13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and

publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until pay ent is received.
14. Transfer, Governing Law. This Agreement may be

assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
go erned and construed by the internal laws of the
Com onwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be

deemed an original, but ail of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other

means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:

Department:

Institution:

Title: / -P-Pf 1   el  ,  fcf loc ti>

Signature: Date:

Please submit a sigried and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site
2. Fax the document to +1.866.381.2236
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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February 26, 2019 
 
Bing Wu, Ph.D.  
Review Editor 
JoVE 
 
Dear Dr. Wu, 
 
The authors would like to thank you for the careful and thorough review of our manuscript 
titled “Generation of tumor organoids from genetically engineered mouse models of prostate 
cancer” (JoVE59710) by yourself and the four reviewers. The expertise of the reviewers was 
well suited for our manuscript and we believe the alterations we have made in response to 
their comments have greatly improved our submission. 
 
In reply to your request for revisions to our submitted manuscript, we have made two major 
overall changes. At the request of multiple reviewers, we have removed mention of details 
specific to the prostate cancer (PCa) genetically engineered mouse models (GEMMs) that we 
use on our laboratory. This edit has generalized the description and discussion of the protocol 
in our manuscript so that readers can apply it to their own GEMMs.  
 
We have also substantially expanded the Discussion section of our manuscript, as suggested by 
yourself and multiple reviewers, from 3/4 of a page to 3.5 pages. We believe that our expanded 
Discussion will provide readers with the necessary depth for understanding both the method of 
generating organoids from PCa GEMMs and current state of the field in utilizing organoids in 
PCa research.  
 
Please see below for detailed responses to individual comments from the editor and each 
reviewer. We have provided the revised manuscript, the original manuscript with tracked 
changed, and PDF files for Figures 1-5. 
 
Response to comments from the Editor 
1. We have thoroughly proofread our manuscript and made changes to reflect appropriate 
grammar and correct spelling. 
2. None of the Figures in our manuscript have been published elsewhere. 
3. We have extensively revised and expanded the Discussion section and organized it into the 
subtitles you have listed (Lines 557-715 of manuscript with tracked changes, Lines 503-644 of 
revised manuscript). 
4. We have downloaded the most updated Endnote file from the JoVE Instructions to Authors 

Rebuttal Letter Click here to access/download;Rebuttal Letter;Jove Mouse
prostate organoids Wadosky rebuttal letter.pdf

https://www.editorialmanager.com/jove/download.aspx?id=991997&guid=a18b06eb-e2c0-4950-ba61-79691b2b6b45&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=991997&guid=a18b06eb-e2c0-4950-ba61-79691b2b6b45&scheme=1


 

 

and used this output style to generate our Reference section. 
5. We have proofread the Protocol section and removed all personal pronouns. 
6. We have replaced all time units in the Protocol section with h, min, and s.  
7. We have reworded Step 1.3.2. in the Protocol section using the imperative tense (Lines 187-
189 of manuscript with tracked changes, Lines 183-184 of revised manuscript).   
 
Response to comments from Reviewer 1 
The authors would like to thank Reviewer 1 for his or her comments, which we have used to 
revise our manuscript specifically to reflect the capacity of the protocol to apply to any PCa 
GEMM and the current state of the PCa field in utilizing mouse organoids in research.  
 
Major Concerns: 
None 
 
Minor Concerns: 
We have removed any discussion of the characteristics or data which are specific to the PCa 
GEMMs we use in our laboratory. This revision includes removal of Figure 1 from the original 
manuscript, as this figure depicted the Cre-loxp system and the mT/mG Cre reporter transgene 
that are apply specifically to our GEMMs.  
 
We have greatly expanded the Discussion section from 3/4 of a page to 3.5 pages. In our new 
Discussion, we give several examples of in vitro experiments that have been carried out using 
organoids in PCa research studies—including in vitro activation of Cre, expansion of rare cell 
populations, and analysis of tumor lineage characteristics using immunohistochemistry. In the 
“Future applications” section of the Discussion, we have highlighted genetic engineering of 
organoids and its potential for use in mechanistic studies, in vivo organoid grafting, and drug 
screens. We have also emphasized the challenge of mixed prostate organoid cultures that 
contain normal and cancer organoids and highlighted the FACS sorting approach that was 
carried out by Agarwal et al. as method to select for tumor cells. We have pointed out in the 
“Critical steps” section of the Discussion that investigators should genotype organoid to ensure 
that transgenes expressed in GEMMs, such as probasin-Cre, are maintained in organoid lines.  
 
Finally, we have referenced and discussed all the studies suggested by Reviewer 1; except for 
PMID 25243035, since we could not locate this reference on Pubmed. If the Reviewer could 
provide us with the first author, publication year, and journal we will be able to discuss this 
study as the Reviewer suggested.   
 
Response to comments from Reviewer 2 
The authors appreciate the comments made by Reviewer 2 that have benefited our manuscript 
with revisions that reflect the capacity of the protocol to apply to any PCa GEMM. We agree 
with Reviewer 2 that specific discussion of the GEMMs we study in our laboratory is irrelevant 
to the current manuscript. Therefore, we have removed any discussion of characteristics or 



 

 

data which are specific to the PCa GEMMs we use in our laboratory. 
 
Major Concerns: 
None 
 
Minor Concerns: 
1. We have added a section in the Introduction section of our manuscript (Lines 90-94 in 
manuscript with tracked changes, Lines 89-92 in revised manuscript) to emphasize that this 
protocol is appropriate for any PCa GEMM. 
 
2. As suggested by Reviewer 2, the protocol our manuscript describes is not for creating 
GEMMs. Consequently, we have removed Figure 1 from the original submission. 
 
3. We have completely removed the paragraph in the “Representative Results” section (Lines 
446-454) that described the phenotype of our GEMMs.    
 
Response to comments from Reviewer 3 
The comments from Reviewer 3 on our manuscript were detailed and thoughtful—the authors 
would like to thank him or her, as the revisions made as a results of these suggestions have 
greatly improved our manuscript.  
 
Major Concerns: 
None 
 
Minor Concerns: 
1. We have corrected the grammatical errors in Line 177 (Line 191-193 in the manuscript with 
track changes and Lines 186-188 in the revised manuscript). We have included fluorescent 
images of the urogenital region from both the ventral and dorsal aspects of a prostate from a 
12 week old GEMM which expresses GFP in the prostate.  
 
2. Thanks to this comment, we identified a mistake in the text of this section of the protocol 
and have corrected it to instruct spinning down the cells suspension, not the matrix, prior to 
resuspending organoids (Lines 413-418 of the manuscript with tracked changes and Lines 395-
402 of the revised manuscript).  
 
3. Both the Pathclear Matrix we describe in our manuscript and the Matrigel (BD Biosciences, 
cat. no. 356231) from Drost et al. are derived from the soluble basement membrane of a 
Engelbreth-Holm-Swarm (EHS) mouse sarcoma and are growth factor reduced—these reagents 
only appear to differ because the companies vary in the naming of their products. 
 
4. We have added a couple sentences to the Discussion commenting on the possibility of 
genetic or epigenetic changes resulting from prolonged passaging of prostate organoids. As we 



 

 

write, we are not aware of a published study that has described such changes that occur in 
organoids over time in culture. We are currently tracking such changes in cancer organoids 
from our GEMMs, but all of these data are unpublished and yet to be presented. 
 
5. In response to Reviewer 3’s comment, we have further explained our distinction between 
fluid-filled and solid prostate tumors according to our observations in relation to organoid 
generation (Lines 491-498 in the manuscript with tracked changes, Lines 459-466 in the revised 
manuscript). We have also added representative images of fluid-filled and solid prostate tumors 
to Figure 2 and labelled the images for clarity. 
 
6. In response to this comment, we have added a note to the Protocol section that discusses 
optimal mouse age for isolating prostate tumors for cancer organoid generation (Lines 122-127 
in manuscript with tracked changes, Lines 120-125 in revised manuscript). Male mice at least of 
the age of sexual maturity (8-10 weeks) will be required for expression of many prostate-
specific transgenes, including probasin. However, the goal of an individual study and specific in 
vivo characteristics of each PCa GEMM alters the age at which an investigator may isolate 
prostates for organoid generation.     
 
Response to comments from Reviewer 4  
The authors thank Reviewer 4 for his or her detailed comments. As a result of these 
suggestions, we have made substantial changes to our manuscript that has improved our 
communication with the reader about aspects of organoid culture that limit the efficacy of this 
method in PCa research. We have also refined our protocol for dissection of the mouse 
prostate by adding a section describing removal of non-prostate tissue from the urogenital 
region. 
 
Major Concerns: 
We agree with the Reviewer that our Discussion section was not to the depth required for the 
purpose of this manuscript. We have expanded the Discussion section of our manuscript from 
3/4 of a page to 3.5 pages (Lines 557-715 of manuscript with tracked changes, Lines 503-644 of 
revised manuscript). We have included a section on outgrowth of normal prostate organoids 
and selection for basal epithelial cell characteristics over luminal epithelial cell characteristics 
under prostate organoid culture conditions—the latter of which emphasizes the decreased 
expression of androgen receptor (AR) in cancer organoid cultures compared to prostate tissue. 
We have also discussed how mouse organoids have been utilized in recent studies from the PCa 
field. 
 
Minor Concerns: 
1. We have added the duration of CO2 asphyxiation in Section 1.2.1 (Line 157 of the manuscript 
with tracked changes and Line 153 of revised manuscript).  
2. Thank you for catching our proofreading error, we have removed all references to Figure 2C. 
3. and 4. We have added an entire section (Step 1.5.5.) describing removal of non-prostate 



 

 

tissue including the seminal vesicles, vas deferens, bladder, and fatty/connective tissue, to the 
Protocol section of our manuscript (Lines 307-322 in manuscript with tracked changes, Lines 
295-309 of revised manuscript.  
5. We have added labels to our representative necropsy images in Figure 3A and 3B of our 
revised manuscript. 

Review of the manuscript has been restricted to the co-authors and colleagues at Roswell Park 
Comprehensive Cancer. None of the material in the manuscript has been published or 
submitted for publication elsewhere. All animal work described is approved by the IACUC at 
Roswell Park and is in accordance with Institutional guidelines. 

The authors would like to thank you for considering our revised manuscript for publication in 
JoVE. Please do not hesitate to contact me with any questions or concerns. 
 
Kindly, 

 
 
Kristine M Wadosky, Ph.D. 
Research Affiliate, Postdoctoral 
Roswell Park Comprehensive Cancer Center 
Elm and Carlton Streets 
Buffalo, NY 14263 
kristine.wadosky@roswellpark.org 
Phone: (716)-845-1563 

mailto:kristine.wadosky@roswellpark.org

