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SUMMARY:  36 
This protocol describes the generation of patient-derived orthotopic xenograft models by intra-37 
vesically instilling high-grade urothelial cell carcinoma cells or intra-rectally injecting colorectal 38 
cancer cells into non-obese diabetic/severe combined immunodeficiency (NOD/SCID) mice for 39 
primary tumor growth and spontaneous metastases under the influence of lymph node stromal 40 
cells, which mimics the progression of human metastatic diseases.  41 
 42 
ABSTRACT: 43 
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Cancer patients have poor prognoses when lymph node (LN) involvement is present in both high-44 
grade urothelial cell carcinoma (HG-UCC) of the bladder and colorectal cancer (CRC). More than 45 
50% of patients with muscle-invasive UCC, despite curative therapy for clinically-localized 46 
disease, will develop metastases and die within 5 years, and metastatic CRC is a leading cause of 47 
cancer-related deaths in the US. Xenograft models that consistently mimic UCC and CRC 48 
metastasis seen in patients are needed. This study aims to generate patient-derived orthotopic 49 
xenograft (PDOX) models of UCC and CRC for primary tumor growth and spontaneous metastases 50 
under the influence of LN stromal cells mimicking the progression of human metastatic diseases 51 
for drug screening. Fresh UCC and CRC tumors were obtained from consented patients 52 
undergoing resection for HG-UCC and colorectal adenocarcinoma, respectively. Co-inoculated 53 
with LN stromal cell (LNSC) analog HK cells, luciferase-tagged UCC cells were intra-vesically (IB) 54 
instilled into female non-obese diabetic/severe combined immunodeficiency (NOD/SCID) mice, 55 
and CRC cells were intra-rectally (IR) injected into male NOD/SCID mice. Tumor growth and 56 
metastasis were monitored weekly using bioluminescence imaging (BLI). Upon sacrifice, primary 57 
tumors and mouse organs were harvested, weighed, and formalin-fixed for Hematoxylin and 58 
Eosin and immunohistochemistry staining. In our unique PDOX models, xenograft tumors 59 
resemble patient pre-implantation tumors. In the presence of HK cells, both models have high 60 
tumor implantation rates measured by BLI and tumor weights, 83.3% for UCC and 96.9% for CRC, 61 
and high distant organ metastasis rates (33.3% detected liver or lung metastasis for UCC and 62 
53.1% for CRC). In addition, both models have zero mortality from the procedure. We have 63 
established unique, reproducible PDOX models for human HG-UCC and CRC, which allow for 64 
tumor formation, growth, and metastasis studies. With these models, testing of novel 65 
therapeutic drugs can be performed efficiently and in a clinically-mimetic manner.  66 
 67 
INTRODUCTION: 68 
It has been shown that lymph node (LN) metastasis is a poor prognostic indicator in many solid 69 
organ malignancies, including high-grade urothelial cell carcinoma (UCC) of the bladder and 70 
colorectal cancer (CRC)1,2. Over half of the patients with muscle-invasive UCC (MIUCC), despite 71 
curative therapy for clinically-localized disease, will develop metastases and die within 5 years. 72 
Metastatic CRC is a leading cause of cancer-related death in the US.  73 
 74 
An estimated 81,190 new patients and 17,240 cancer specific deaths are expected to occur in 75 
2018 in the United States due to UCC of the bladder3,4. While patients will predominantly (70%) 76 
present with non-muscle invasive disease, 30% will have MIUCC5. Despite the  curative therapy 77 
(radical cystectomy [RC] with or without systemic chemotherapy) for clinically localized disease, 78 
half of the patients with MIUCC of the bladder will still develop metastases and die within 5 79 
years3. Lymph node involvement is found in approximately 20%−25% of patients having 80 
undergone RC6-8. Five-year survival rate in LN positive patients is less than 35% even after RC, 81 
suggesting LN involvement as a crucial negative predictor for the prognosis in UCC patients.  82 
 83 
Colorectal cancer is the third most common cancer diagnosed in both men and women in the 84 
United States. The patient outcomes largely depend on tumor characteristics and tumor 85 
microenvironment, such as depth of invasion, LN involvement, and distant organ metastases. 86 
Although the mortality rate in CRC decreased in last decade due to screening and effective 87 



surgeries, it is estimated that almost 50% of CRC patients will develop metastases or recurrent 88 
disease9.  89 
 90 
Small animal models provide an expeditious, reproducible, and modifiable platform to study 91 
tumor progression and different metastatic patterns. There are currently no described xenograft 92 
models that consistently mimic UCC and CRC metastasis seen in patients. The primary route of 93 
cancer distant metastasis is via lymphatic spread. New research suggests that the LNs, provide 94 
tumor with an unique microenvironment, are not only simply stationary targets where cancer 95 
cells transiently pass, but also plays an integral role by interacting with cancer cells in the 96 
metastatic process. Indeed, our studies discovered in addition to educate and promote tumor 97 
progression and metastases, the LN stromal microenvironment is also responsible for drug 98 
resistance in CRC10,11. Our lab recently  confirmed the tumorigenic effects of LN stromal cells 99 
(LNSCs) on UCC and CRCs using patient-derived orthotopic xenograft (PDOX) mouse models12,13. 100 
  101 
Developing PDOX models provides an important platform for translational cancer research14,15. 102 
By maintaining principal histological and genetic characteristics of their donor tumor, PDOX 103 
models make ideal studies and remain stable across passages and make good platforms for 104 
translational cancer research12,15. PDOX models are being used for preclinical drug evaluation, 105 
biomarker identification, and preclinical evaluation of personalized medicine strategies allowing 106 
for prediction of clinical outcomes. Currently, there are no described xenograft models that 107 
consider the importance of LN involvement and are capable of consistently reproducing primary 108 
tumor and distant organ metastasis in UCC and CRC. In this study, we describe the development 109 
of PDOX models in NOD/SCID mice with reproduction of metastatic UCC and CRC diseases with 110 
LNSC involvement.  111 
 112 
PROTOCOL:  113 
All methods described in these animal studies were conducted under the approved guidelines of 114 
the animal care and use committee of Ochsner Health System and in accordance with animal 115 
research guidelines. All patient tumors for this study were collected from consented patients 116 
undergoing cancer resection surgeries in accordance with the Ochsner Health System 117 
Investigative Review Board and the ethical standards of the Institutional Committee on Human 118 
Experimentation. Board-certified pathologists at Ochsner Health System determined the 119 
pathological diagnoses of patient specimens based on the microscopic features of tumor cells, 120 
their histological type, and grade level.  121 
 122 
NOTE: The following protocol describes the steps for two separate xenograft models, a UCC 123 
model via the electrocauterization of the bladder wall to instill UCC cells and an intrarectal 124 
injection of CRC cells for study in a CRC model. All steps preparing for and monitoring the 125 
experiments are identical for both models, while sections 7 and 8 specifically describe the 126 
procedure for UCC instillation and CRC injection, respectively. 127 
 128 
1. Culturing cell lines 129 
 130 



1.1 Grow HK cells in complete RPMI-1640 medium supplemented with 10% fetal bovine 131 
serum, 2 nM glutamine, 100 U/mL penicillin G, and 100 mg/mL streptomycin at 37 °C in a 5% CO2 132 
humidified incubator.  133 
 134 
NOTE: HK cells are normal human follicular dendritic cells and can be grown and expanded for ≤ 135 
15 passages in vitro16. 136 
 137 
1.2 To prepare for an experiment, trypsinize the cells. 138 
 139 
1.2.1 Remove media and add 2 mL of 1% trypsin in Hank’s balanced salt solution (HBSS) to cells. 140 
Place cells back in the 5% CO2 humidified incubator at 37 °C for 4 min. 141 
 142 
1.2.2 Collect cells from dish into a 15 mL tube using a handheld pipet aid with a 10 mL 143 
serological pipet attached. Add 8 mL of complete RPMI-1640 medium. 144 
 145 
1.2.3 Combine 40 µL of cells and 40 µL of trypan blue in a single well of a 96 well plate. Add 10 146 
µL of mixture to a hemocytometer and count live cells. Add 1 million cells in 25 mL complete 147 
RPMI-1640 medium to a 150 mm sterile tissue culture-treated dish.  148 

 149 
NOTE: HK cell suspension prepared in this step must be used within an hour to mix with tumor 150 
cells for injection. 151 

 152 
2. Patient specimen collection 153 
 154 
2.1 Collect the UCC tumors from consented patient 15 (BlCaPt15, pT3b N1 M0) and 37 155 
(BlCaPt37, pT3b pN0 M0) at resection surgery.  156 
 157 
2.2 Collect CRC tumors from consented patient 155 (CoCaPt155, T1 N0 M0) and 302 158 
(CoCaPt302, T1 N0 M0) at resection surgery. 159 
 160 
3. Expansion of patient tumor  161 
 162 
3.1 Collect tumors at surgery in cold sterile McCoy’s medium containing penicillin G (500 163 
U/mL) and streptomycin (500 mg/mL). 164 
  165 
3.2 Implant tumors directly into the left and right flank of 6−8 week old female NOD/SCID 166 
mice. 167 
 168 
3.2.1 Mechanically mince tissues into small pieces (~1 mm3) using small surgical scissors. 169 
 170 
3.2.2 Implant tissue subcutaneously to the left and right flank using 13 G bone marrow 171 
aspiration biopsy needles.  172 
 173 
NOTE: Implant a total volume of 8 mm3 divided evenly to both sides of flank. 174 



 175 
4. Tagging and enrichment of luciferase labeled tumors  176 
 177 
4.1 Measure tumor growth bi-weekly using a digital caliper. 178 
 179 
4.2 At 1 cm in diameter, transduce tumor. Directly inject into tumor with single dose of 180 
Luc/red fluorescent protein (RFP)-lentivirus (50 µL/tumor, 1:30 dilution from concentrated high 181 
titer lentivirus stock) using a 1 cc syringe with a 27 G needle. 182 
 183 
NOTE: The patient tumor typically reaches 1 cm in diameter in 1−2 months. However, the growth 184 
rate is extremely variable and based on a number of factors including tumor grade and type. 185 
   186 
4.3 Monitor tumor weekly by bioluminescent imaging (BLI) in live animals.  187 
 188 
4.3.1 Weigh the mice. Inject conscious mouse with 150 mg/kg luciferin intraperitoneally and 189 
wait 5 min for the substrate to circulate in the mouse’s body. 190 
 191 
4.3.2 Anesthetize the mouse with 2.5% isoflurane in 100% oxygen, 1 L/min in an induction 192 
chamber. 193 
 194 
4.3.3 Place mouse on stomach in a BLI imaging machine with isoflurane flowing and image. 195 
Take sequential images to confirm the presence of Luc/RFP positive tumor regions (false-color 196 
bio-luminescent image).  Return mouse to cage after imaging is complete.  197 
 198 
5. Select appropriate portion of tumor for enzymatic digestion 199 
 200 
5.1 On the day of UCC or CRC procedure, image mouse with luciferase tagged tumor as in 201 
steps 4.3.1−4.3.3. 202 
 203 
NOTE: The length of time for the subcutaneous tumor to grow depends on the speed of tumor 204 
growth and the planned number of animals to be injected in the experiment. 205 
 206 
5.2 Harvest tumor from mouse flank and image. 207 
 208 
5.2.1 Euthanize mouse by CO2 inhalation after imaging. Place mouse in the CO2 chamber, turn 209 
on gas at 1.4 L/min until respiratory arrest and leave on for 3 min. Follow this with cervical 210 
dislocation. 211 
 212 
5.2.2 Clean skin with 70% ethanol. Tent skin directly above tumor. With surgical scissors make 213 
a small incision in skin. Separate skin from tumor with scissors.  214 
 215 
5.2.3 Remove tumor and place in a sterile petri-dish. Image entire dish in an imaging machine. 216 
 217 



5.3 Use sterile scissors or scalpel to separate luciferase-negative sections from luciferase 218 
positive sections in the tumor and re-image.  219 
 220 
5.4 Repeat until only most highly positive tumor pieces remain. 221 
  222 
6. Enzymatic digestion of tumor  223 
 224 
6.1 Under laminar flow hood, mince luciferase positive tumor pieces (step 5.4) into the 225 
smallest possible pieces using sterile surgical scissors and put them into a sterile 50 mL conical 226 
tube.  227 
 228 
NOTE: Mincing the tumor into the smallest possible pieces will yield more individual cells. 229 
   230 
6.2 Prepare digest solution by adding 10 mL of collagenase IV (1.5 mg/mL), 80 µL of 231 
hyaluronidase (20 mg/mL), and 160 µL of deoxyribonuclease I (0.1 mg/mL) to 40 mL of HBSS. Mix 232 
solution by inverting. 233 
 234 
6.3 Add 35−40 mL of the digest solution to minced tumor. Incubate at 37 °C with continuous 235 
rotation for 2 h. 236 
 237 
NOTE: Vigorously shake tube periodically throughout incubation to prevent tumor tissue from 238 
clumping. 239 
 240 
6.4 Filter entire digestion through sterile 100 µm cell strainer twice followed by a 40 µm cell 241 
strainer to remove debris. Save the flow through and discard debris. 242 
  243 
6.5 Wash free cells by adding 20 mL of HBSS and centrifuge at 329 x g for 5 min. Discard 244 
supernatant and resuspend pellet in 30 mL of HBSS. 245 
 246 
6.6 Combine 10 µL of cell solution and 90 µL of trypan blue in a single well of a 96 well plate. 247 
Count live cells using a hemacytometer. 248 
 249 
6.7 Transfer 1 x 104 to 1 x 106 tumor cells per mouse to a sterile 15 mL conical tube. Add 3 x 250 
105 HK cells from step 1.2.3 per mouse, to the same tube with tumor cells.  251 
 252 
NOTE: Use sterile 50 mL conical tube if the total volume exceeds 15 mL. Always calculate more 253 
doses for additional animals per study group to account for loss of fluid during syringe use. For 254 
example, if a group contains 5 mice, make enough cells for 6 or 7 mice. 255 
 256 
6.8 Centrifuge at 329 x g for 5 min. Discard supernatant either by decanting or pipetting.  257 
 258 
6.9 Resuspend cells in 50 µL per mouse for UCC model or 10 µL per mouse for CRC model in 259 
complete RPMI media. Keep cell suspension on ice until ready for use. 260 
 261 



7. UCC mouse model 262 
 263 
7.1 Preparation of mice for procedure 264 
 265 
7.1.1 Obtain six- to eight-week old female NOD/SCID mouse. Shave the lower backs of the 266 
mouse using hair removal cream. Anesthetize the mouse in an induction chamber with isoflurane 267 
(2.5% in 100% oxygen, 1 L/min). 268 
  269 
7.1.2 Once sedated, place mouse in supine position with its snout in an isoflurane nose cone 270 
and bare back firmly grounded on a dispersive electrode.  271 
 272 
NOTE: Mouse is completely sedated if unresponsive to toe pinch. 273 
 274 
7.2 Instill UCC cells prepared in step 6.9 to bladder using an angiocatheter (Figure 1Aa,Ab). 275 
 276 
7.2.1 Set up a monopolar electrocautery machine and set to a power of 4 W. Lubricate a 24 G 277 
angiocatheter with lubricating jelly and insert through urethra of the female mouse.  278 
 279 
NOTE: Slight resistance may be felt. Gently push forward or remove angiocatheter and repeat. 280 
Do not force. 281 
  282 
7.2.2 Insert a 0.025” fixed core straight guide wire 1 mm past the end of the angiocatheter.  283 
 284 
NOTE: The wire is marked with tape prior to the procedure to indicate the 1 mm stopping point 285 
and insure consistency. 286 
  287 
7.2.3 Hold the monopolar pin to the guide wire for 1 s allowing for electrical irritation of the 288 
bladder mucosa.  289 
 290 
7.2.4 Attach a fresh sterile angiocatheter to 1 cc luer-lok syringe and draw up 200 µL of 291 
collected cells from step 6.9. 292 
 293 
NOTE: At least 100 µL is lost from the angiocatheter to the syringe. Compensate for loss volume 294 
when calculating volume of cell suspension needed. 295 
  296 
7.2.5 Remove guide wire and angiocatheter from mouse urethra. Insert angiocatheter with 297 
syringe of cells attached into urethra. 298 
 299 
NOTE: Advancement should be easier than before.  300 
  301 
7.2.6 Instill 50 µL of cells to mouse bladder. Wait a few seconds before removing the 302 
angiocatheter to allow for cells to adhere to the bladder wall. 303 
 304 
NOTE: Cells remain in the bladder and develop into a primary tumor. 305 



  306 
7.3 Remove mouse from isoflurane nose cone and grounding pad. Observe mouse for 1 h 307 
following procedure. Look for signs of distress, i.e., hunched back, labored breathing, etc. 308 
  309 
8. CRC mouse model 310 
 311 
8.1  Anesthetize six-to-eight-week old male NOD/SCID mouse with isoflurane (2.5% in 100% 312 
oxygen, 1 L/min) in the induction chamber. Confirm sedation with a toe pinch. 313 
  314 
8.2 Place anesthetized mouse in supine position under a dissecting microscope, making sure 315 
to secure their snout to an isoflurane nosecone and to secure their front and back limbs with 316 
tape for stability.  317 
 318 
NOTE: Loupes may be used instead of a dissecting microscope. A small object can be used to 319 
improve visibility and angle when placed under the base of the tail, elevating the anus. Typically, 320 
small sections of gauze are rolled into a cylinder shape of 1-inch diameter. 321 
 322 
8.3 Dilate the anal canal with curved lubricated blunt-tipped forceps to expose the distal anal 323 
and rectal mucosa. Remove feces. 324 
 325 
8.4 Use a sterile 30 G removable needle on a 50 μL glass syringe to inject 10 μL of tumor and 326 
HK cells (from step 6.9) into the distal posterior rectal submucosa 1 to 2 mm above the anal canal. 327 
The bevel of the needle should be covered by mucosa. Be careful not to pass into the pelvic cavity. 328 
 329 
8.5 Remove mouse from isoflurane nose cone. Observe mouse for 1 h following procedure. 330 
Look for signs of distress, i.e., hunched back, labored breathing, etc. 331 
 332 
9. Bioluminescent imaging 333 
 334 
9.1 Monitor the primary tumor, liver, and lung metastatic burden weekly using a 335 
bioluminescent imaging system for luciferase activity. 336 
 337 
9.1.1 Obtain a mouse from UCC or CRC experiment and weigh. Inject 150 mg/kg luciferin 338 
intraperitoneally and wait 5 min for the substrate to circulate in the mouse’s body. 339 
 340 
9.1.2 Anesthetize mouse with 2.5% isoflurane in 100% oxygen, 1 L/min in the induction 341 
chamber. 342 

 343 
9.1.3 Place mouse in BLI Imaging machine with nose fixed in nosecone. When exposing for the 344 
image, make sure that the area of interest is facing the camera. For UCC and CRC injection, the 345 
ventral side should face the camera for each image. Image mouse in supine position.  346 
 347 
10. Harvesting organs and tumor 348 
 349 



10.1 When the primary tumor luminescence radiance reaches 1 x 1011 photons or if mice 350 
exhibit signs of distress (i.e., weight loss, hunched back, harsh/labored breathing, etc.), euthanize 351 
mice by CO2 inhalation (as in step 5.2.1) after luciferin injection and whole body imaging.  352 
 353 
10.2 Remove liver and lung, place in a petri dish and image to identify any metastases. Remove 354 
tumor, weigh and image. Fix organs and tumor in 10% neutral buffered formalin for 48 h at 355 
ambient temperature. 356 
 357 
NOTE: Clean/wipe scissors and forceps between each organ to avoid transfer of tissue. 358 
  359 
11. Histological evaluation 360 
 361 
11.1 Embed formalin fixed tissues in paraffin and slice the tissues at 5 µm thickness on a 362 
microtome for hematoxylin and eosin (H&E) and immunohistochemical (IHC) staining. 363 
  364 
NOTE: All H&E staining of paraffin slides was done in the pathology laboratory of Ochsner Health 365 
System, and all IHC staining used in this paper was performed in research laboratory of Ochsner 366 
health System after high-temperature antigen retrieval using Ki67 and cytokeratin 20 antibodies, 367 
followed by biotinylated secondary antibody, and avidin-biotin-peroxidase complexes according 368 
to manufacturer instructions13,17.  369 
 370 
REPRESENTATIVE RESULTS: 371 
In the UCC PDOX model, UCC patients’ BlCaPt15 or BlCaPt37 cells were intra-vesically (IB) instilled 372 
in the presence of HK cells into female NOD/SCID mouse bladder (Figure 1A). Twenty-five out of 373 
thirty (83.3%) animals generated primary tumors and displayed time dependent primary tumor 374 
growth based on weekly BLI (Figure 1B,C and Table 1). Similarly, in the CRC PDOX model, 31 out 375 
of 32 (96.9%) mice grew primary tumor when intra-rectally (IR) injected with patients’ CoCaPt155 376 
or CoCaPt302 cells plus HK cells (Figure 1D-F and Table 1). Depending on the patient tumor, 377 
mouse tumor growth had a different latency period, which reflects the difference in the patient’s 378 
clinical characteristics (Figure 1C,F).  379 
 380 
In both IB and IR models, tumor cell injection not only generated orthotopic primary tumors 381 
(Figure 2A,B, blue arrows), but many mice tested also developed liver and/or lung metastases. 382 
In 10 out of 30 (33.3%) and 17 out of 32 (53.1%) mice instilled with UCC cells and CRC cells with 383 
HK cells, respectively, we detected distant organ metastasis via ex vivo BLI (Figure 2A,B and Table 384 
1).  385 
 386 
To confirm similar tissue morphology, H&E and IHC staining were performed comparing 387 
xenografts and primary patient tumors. Histopathology of patient bladder carcinoma was 388 
maintained in xenografts from BlCaPt15 and BlCaPt37 (Figure 3A). Results show xenograft tumor 389 
corresponding to the muscle invasive growth pattern of the patients’ primary tumors. The 390 
antibody specific to human cell proliferation marker Ki67 was used in IHC. Ki67 positive nuclear 391 
staining indicates highly proliferative, fast-growing human tumor cells. The staining results from 392 
xenografts were similar to those of the original surgical biopsies. Similarly, in the IR model, H&E 393 



staining indicates the similarity of architecture between xenografts and patient tumors of both 394 
CoCaPt155 and CoCaPt302. IHC using antibody against cytokeratin 20 also showed similar tumor 395 
growth pattern in both PDOX models (Figure 3B). Thus, our PDOX model recapitulated UCC and 396 
CRC patient clinical progression.  397 
 398 
FIGURE AND TABLE LEGENDS: 399 
Figure 1: Orthotopic UCC and CRC mouse models. (A-C) Intra-vesicle (IB) instillation of UCC cells 400 
into mouse bladder13. (Aa) An angiocatheter was inserted into the bladder of a female NOD/SCID 401 
mouse and an electrocautery shock was applied to the bladder wall via a guide wire. (Ab) 402 
Luciferase tagged UCC tumor cells, BlCaPt15 (2 x 104 cells), or BlCaPt37 (5 x 105 cells) with the 403 
addition of 3 x 105 LN stromal HK cells, were instilled into the NOD/SCID mouse bladder through 404 
the angiocatheter. (D-F) Intra-rectal (IR) injection of CRC cells into the submucosal tissue layer of 405 
mouse rectum17. (D) The anal canal was dilated with lubricated blunt-tipped forceps to allow 406 
access to the distal anal and rectal mucosa and a 30 G needle was inserted into the distal 407 
posterior rectal submucosa 1−2 mm above the anal canal until the bevel was covered before the 408 
injection takes place. Luciferase tagged CRC tumor cells, CoCaPt155 (5 x 105 cells), or CoCaPt302 409 
(1 x 104 cells) with the addition of 3 x 105 HK cells were injected. Tumor burden was monitored 410 
and quantified via bioluminescent imaging (BLI; B and E). Tumor growth of luciferase tagged UCC 411 
or CRC cells was monitored kinetically via BLI and analyzed using image analysis software (C and 412 
F). 413 
 414 
Figure 2: PDOX models produce spontaneous distant organ metastases. Representative mice 415 
(top panels) from the same experiments as in Figure 1, e.g., instilled intra-vesically with luciferase 416 
tagged UCC tumor cells, BlCaPt15 or BlCaPt37 cells with HK cells (A) or intra-rectally with 417 
luciferase tagged CRC tumor cells, CoCaPt155 or CoCaPt302 cells with HK cells (B) are shown. 418 
Yellow arrows indicate mouse bladder (A). Photos taken at the time of sacrifice indicate 419 
orthotopic tumor formation (blue arrows). Liver, lung, and tumor (middle panels) collected at 420 
necropsy and their ex vivo BLI (bottom panels) showed mouse liver and lung metastasis as well 421 
as tumor with luciferase activity.  422 
 423 
Figure 3: Xenograft tumors resemble patient pre-implantation tumors. Paraffin embedded 424 
tumor tissue from patient tumor or tumors collected from mice in the same experiments as in 425 
Figure 1 were sectioned and stained by H&E (A and B) or IHC with antibodies against human Ki67 426 
(A) or cytokeratin 20 (CK20; B). The brown color indicates positive staining. H&E staining shows 427 
tumor nests dissecting into smooth muscle bundles (A). Photographs were taken using a digital 428 
deconvoluting microscope and analyzed with an image analysis software. Scale bars: 100 µm. All 429 
images were taken in original magnification of 200×.  430 
 431 
Table 1: Summary of tumor formation, metastasis, and mortality in IB and IR models. 432 
 433 
DISCUSSION: 434 
Metastatic disease is responsible for most cancer patient mortalities. In pre-clinical therapeutic 435 
tests, it is crucial to establish mouse models that most closely emulate human tumor growth with 436 
spontaneous distant organ metastases. Using murine models with implanted patient tumor 437 



derived cancer cells (xenografts) allows for a better understanding of tumor biology and 438 
predictive biomarkers as well as testing and prediction of antineoplastic effects of novel 439 
therapies18. Many models have been used to show UCC and CRC metastases in murine 440 
experiments, such as intravenous tail vein injections showing the ability to produce lung disease19 441 
or subcutaneous implantation of tumor cells or tumor fragments into the flank for localized 442 
tumor growth20,21. One laboratory previously reported a bladder cancer murine model by using 443 
hydrochloric acid treatments to successfully promote tumor uptake22. While these methods 444 
produce reliable local growth and may demonstrate some metastatic activities, they do not 445 
specifically resemble the natural course of cancer developed in humans and do not utilize the 446 
metastatic mechanism seen in patients18,23. Other murine models were reported to mimic tumor 447 
growth by injecting tumor cells directly into organs such as the liver or mesentery, but they 448 
carried risks of tumor cell leakage and did not produce significant metastases.  449 
 450 
We have previously demonstrated the correlation between cancer cell content in the primary 451 
tumor and LN involvement24 and the role of the cancer cell/LN stromal interaction in the course 452 
of primary tumor  progression to metastatic disease10,12,17. Incorporating our previous work on 453 
the influence of the LN stromal microenvironment in metastatic progression, we established 454 
orthotopic models (especially the PDOX models) that mimic the natural course of metastatic 455 
dissemination, technically reproducible, preserve the  heterogeneity of original patient tumors, 456 
and generate consistent primary tumor and metastatic results12,13,17. Using the tumor-enhancing 457 
effects of the LN stromal microenvironment is important because it provides the similar tumor 458 
microenvironment in human UCC and CRC, develops all steps in the metastatic cascade, reduced 459 
cancer cell number required in mouse model which minimizes number of xenograft passages, 460 
and results in reliable and most closest model to tumor growth and metastases in human.  461 
 462 
We have established a unique method of IB electro-stimulation using the co-instillation of HK 463 
cells that produces a reliable model for developing MIUCC. Our model mimics the natural course 464 
of UCC progression by tumor implantation beginning in the mucosa, leading into the muscle, then 465 
metastasizing to lungs13.  466 
 467 
Our results also show that the IR model is safe, reproducible, and successful. The orthotopic CRC 468 
mouse model features primary tumor growth and spontaneous distant metastasis12,17. The IR 469 
procedure is quick, easy to learn, technically easy to perform, and not too stressful on the 470 
animals. The IB and IR groups had zero mortality (Table 1) in the postoperative period before 471 
final BLI measurement. However, the technique requires practice. If the intrarectal injection is 472 
successful, there should be a visible “bubble” that forms as the fluid is introduced into the rectal 473 
submucosa and will result in primary tumor growth that will eventually become palpable as 474 
shown in Figure 1. If the tumor has been injected too deep into the pelvic cavity, it will be 475 
unattached to the colorectal tract and grows very large to fill the pelvis, sometimes causing 476 
obstruction. If the injection is too shallow or does not enter the rectal submucosal layer at all, it 477 
will leak out resulting in reduced or absent primary tumor burden. 478 
 479 
We have established unique, reproducible PDOX models for human HG-UCC and CRC. These 480 
models allow for tumor formation and metastasis studies. We can now use these models as the 481 



primary method to continue to study the LN stromal microenvironment and its interaction with 482 
patient primary tumors. These models will also allow us to investigate therapies that interfere 483 
with the pro-tumorigenic effects of the LNSC on primary tumor. With these models, testing of 484 
novel therapeutic drugs can be performed efficiently and in clinically-mimetic manners. 485 
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Tumor implant (%) Lung/liver metastasis (%) Mortality (%)

UCC, n=30 83.3 33.3 0

CRC, n=32 96.9 53.1 0

Table 1. Summary of tumor formation, metastasis, and mortality in IB and IR models.
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Chemicals/Solutions/Media Company

Avidin-biotin-peroxidase Vector Labs Inc

Biotinylated secondary antibody Vector Labs Inc

Collagenase IV (1.5 mg/mL) Worthington Biochemical Corporation

Deoxyribonuclease I (0.1 mg/mL) Sigma

D-Luciferin (150 mg/kg) Perkin Elmer

Formalin (10% neutral buffered) Leica

glutamine (2 nM) Fisher Scientific

Hair Removal Cream Church & Dwight Co., Inc

Hanks Balanced Salt Solution (HBSS) Fisher Scientific

Hyaluronidase (20 mg/mL) Sigma

Isoflurane Henry Schein Animal Health

Luc/RFP-lentivirus

From our collaborators. See reference 13: 

Gills, J. et al. A patient-derived orthotopic 

xenograft model enabling human high-grade 

urothelial cell carcinoma of the bladder 

tumor implantation, growth, angiogenesis, 

and metastasis. Oncotarget. 9, 32718-

32729, doi:10.18632/oncotarget.26024 

(2018).
McCoy’s medium Life Technologies

penicillin/streptomycin 100 mL (100 U/mL) Fisher Scientific

RPMI-1640 Medium American Type Culture Collection

Trypan Blue Sigma

Trypsin/EDTA Life Technologies

Gas 

100% Oxygen Airgas Inc

100% CO2 Airgas Inc

Mice

6-8 week old NOD/SCID Mice (male) Jackson Lab

6-8 week old NOD/SCID Mice (female) Jackson Lab

Immunohistochemistry

Hematoxylin Sigma

Ki-67 Rabbit Monoclonal Antibody Thermo Scientific

Tools

40 µm cell strainer Fisher Scientific

100 µm cell strainer Fisher Scientific

15 mL Conical Tube Sarstedt

50 mL Conical tube Sarstedt

150 mm Tissue Culture Dish USA Scientific Inc

96 Well plate USA Scientific Inc

Forceps Symmetry Surgical Inc

Surgical scissors Symmetry Surgical Inc

Equipment
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5% CO2 humidified incubator Thermo Scientific

Bioluminescent (BLI) Imaging Machine Perkin Elmer

BLI Imaging Machine Software Perkin Elmer

Centrifuge Beckman

Deconvoluting Microscope Intelligent Imaging Innovations

Deconvoluting Microscope Imaging Software Intelligent Imaging Innovations

Digital caliper Fowler Tools and Instruments

Dissecting microscope Precision Instruments LLC

Electrosurgical generator ValleyLab

Isoflurane Induction Chamber Perkin Elmer

Microtome American Optical Corporation

Pipet Aid Fisher Healthcare

Serological pipet (10 mL) Sarstedt
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Item 1 (check one box): The Author elects to have the Materials be made available (as described at 

http://www.jove.com/ ) via:    Standard Access       Open Access 

Item 2 (check one box): 

 The Author is NOT a United States government employee. 

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT 

1. Defined Terms.  As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries 
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties” 
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

2. Background.  The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article.  In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article.  In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above.  The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats.  If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article.  Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included.  All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video – Standard Access.  This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above.  In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video.  To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE. 

6. Grant of Rights in Video – Open Access.  This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above.  In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above.  The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and 
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees.  If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such

statute.  In such case, all provisions contained herein that are 
not in conflict with such statute shall remain in full force and 
effect, and all provisions contained herein that do so conflict 
shall be deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute. 

8. Likeness, Privacy, Personality.  The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties.  The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials.  If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party.  The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion.  If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution.  If more than one
author is listed at the beginning of this Agreement, JoVE may, 
in its sole 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 the 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, agents and independent contractors shall have
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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, lighting, 
filming, timing of publication, if any, length, quality, content 
and the like. 

11. 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 warranty 
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, experiments, property damage, personal 
injury, violations of institutional, laboratory, hospital, ethical, 
human and animal treatment, privacy or other rules, 
regulations, 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 JoVE harmless from, 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. 

12. 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 payment is 
received. 

13. 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 
governed and construed by the internal laws of the 
Commonwealth 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 all of which together shall be deemed to me one 
and the same agreement.  A signed copy of this Agreement 
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Re: manuscript, JoVE59223 “Patient-derived orthotopic xenograft models enabling human urothelial cell 

carcinoma and colorectal cancer implant, growth, and spontaneous metastasis”  

Editorial Comments: 

Changes to be made by the author(s) regarding the manuscript:  

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are no spelling 

or grammar issues.  

 

Answer: We proofread and made changes were needed.  

 

2. Please revise lines 67-75, 93-99, 253-255, 258-259, 300-302, 322-324 to avoid previously published 

text.  

 

Answer We revised above listed sentences as instructed.  

 

3. Please obtain explicit copyright permission to reuse any figures from a previous publication. Explicit 

permission can be expressed in the form of a letter from the editor or a link to the editorial policy that allows 

re-prints. Please upload this information as a .doc or .docx file to your Editorial Manager account. The Figure 

must be cited appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].” 

 

Answer: We replaced all published figures with new data.  

 

4. Please upload each Figure individually to your Editorial Manager account as a .png, .tiff, .pdf, .svg, .eps, 

.psd, or .ai file. 
 

Answer: We uploaded each Figure individually as a tiff file as instructed.  

 

5. Figure 3: Please include a scale bar for all images taken with a microscope to provide context to the 

magnification used. Define the scale in the appropriate figure Legend. 

 

Answer: We included a scale bar in images as instructed and added the scale in the corresponding Figure 

Legend.  

 

6. Please revise the title to be more concise and reflect the content of the protocol. 

 

Answer: We revises the title as instructed. 

 

7. Please provide an email address for each author. 

 

Answer: Ravan Moret (rmoret@ochsner.org), Linh Hellmers (linh.hellmers@ochsner.org), Xin Zhang 

(xzhang@ochsner.org), Jessie Gills (jgills@ochsner.org), Nathan Hite (nathan.hite@ochsner.org), Aaron 

Klinger (aaron.klinger@ochsner.org), Grace A Maresh (grace.maresh@ochsner.org), Daniel Canter 

(daniel.canter@ochsner.org), Stephen Bardot (sbardot@ochsner.org), David A Margolin 

(damargolin@ochsner.org), Li Li (lli@ochsner.org)  

 

 

8. Please remove the sub-headings within the Long Abstract. 

 

Answer: All sub-heading in the Long Abstract have been removed. 

 

9. Please define all abbreviations before use. 

 

Answer: Abbreviations have defined prior to use as instructed.  

 

10. Please convert centrifuge speeds to centrifugal force (x g) instead of revolutions per minute (rpm). 

 

Answer: Centrifuge speeds are expressed as centrifugal force (x g).  
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11. JoVE cannot publish manuscripts containing commercial language. This includes trademark symbols (™), 

registered symbols (®), and company names before an instrument or reagent. Please remove all 

commercial language from your manuscript and use generic terms instead. All commercial products should 

be sufficiently referenced in the Table of Materials and Reagents. You may use the generic term followed by 

“(see table of materials)” to draw the readers’ attention to specific commercial names. Examples of 

commercial sounding language in your manuscript are: Nair, Bovie, Hamilton Microliter, IVIS Lumina, etc. 

 

Answer: All commercial/trademark language has been removed as instructed.  

 

12. Please revise the protocol to contain only action items that direct the reader to do something (e.g., “Do 

this,” “Ensure that,” etc.). The actions should be described in the imperative tense in complete sentences 

wherever possible. Avoid usage of phrases such as “could be,” “should be,” and “would be” throughout the 

Protocol. Any text that cannot be written in the imperative tense may be added as a “Note.” Please include 

all safety procedures and use of hoods, etc. However, notes should be used sparingly and actions should be 

described in the imperative tense wherever possible. Please move the discussion about the protocol to the 

Discussion. 

 

Answer: Protocol has been revised to be in imperative tense throughout all steps.  

 

13. Please add more details to your protocol steps. There should be enough detail in each step to 

supplement the actions seen in the video so that viewers can easily replicate the protocol. Please ensure you 

answer the “how” question, i.e., how is the step performed? Alternatively, add references to published 

material specifying how to perform the protocol action. See examples below. 

 

Answer: We added more detail and explanation to steps that appeared vague.  

 

14. 2.2: Please specify the reaction conditions (temperature and time) for trypsinization. Please provide the 

composition of media containing serum. 

Answer: Reaction conditions for trypsinization and media composition has been specified in the protocol as 

instructed. 

15. 3.2.1: What is used to mince tissues?  

Answer: Surgical Scissors 

16. 3.2.2: Where is the tissue implanted? And what volume of tissue is implanted? 

Answer: a total volume of 8mm3 is evenly distributed between the left and right flank.  

17. 4.1: How to determine the size of the xenograft? 

Answer: Tumors are measured with a digital caliper. 

18. 5.1: Please specify the age, gender and species of mouse used. 

Answer: The mice used are 6-8 week old female, NOD/SCID mice, describer in step 3.2. This activity is a 

continuation on the same mouse.  

19. 5.3: Please specify the concentration of isoflurane. 

Answer: 2.5% isoflurane in 100% oxygen, 1L/min. 

20. 5.6: Please describe how to harvest tumor from mouse flank and specify what is imaged and how. 

Answer: Tent skin directly above tumor on mouse flank. Cut away skin using surgical scissors. Place tumor 

in petri dish and image entire dish in imaging machine.  



21. 5.7: How to remove non-bright sections? 

Answer: Non-bright sections are separated from bright section using sterile surgical scissors or scalpel.  

22. 6.1: What is used to mince tumor?  

Answer: Surgical Scissors. 

23. 7.1.4: How to confirm that mice are sedated? 

Answer: To confirm sedation a toe pinch is performed. If mouse is unresponsive to the pinch then it is 

determined to be completely sedated. (Note added to step) 

 

24. 10.1: Please specify the euthanasia method. 

Answer: Mice are euthanized via CO2 inhalation.  

 

25. 10.4.3: Please specify for how long and at what temperature are the organs and tumor fixed in formalin. 

Answer: Tumor and organs are fixed in 10% neutral buffered saline for 48 hours at ambient temperature.  

26. Please combine some of the shorter Protocol steps so that individual steps contain 2-3 actions and 

maximum of 4 sentences per step. 

Answer: Some short steps combined as instructed. 

27. Please include single-line spaces between all paragraphs, headings, steps, etc. 

Answer: Single line spacing used throughout manuscript as instructed.  

28. After you have made all the recommended changes to your protocol (listed above), please highlight 2.75 

pages or less of the Protocol (including headings and spacing) that identifies the essential steps of the 

protocol for the video, i.e., the steps that should be visualized to tell the most cohesive story of the Protocol. 

Answer: Essential steps were highlighted (less than 2.75) pages as instructed.  

29. Please highlight complete sentences (not parts of sentences). Please ensure that the highlighted part of 

the step includes at least one action that is written in imperative tense. Please do not highlight any steps 

describing anesthetization and euthanasia. 

Answer: Only complete sentences were highlighted. Highlighted steps describing anesthetization and 

euthanasia were removed as instructed.  

30. Please include all relevant details that are required to perform the step in the highlighting. For example: 

If step 2.5 is highlighted for filming and the details of how to perform the step are given in steps 2.5.1 and 

2.5.2, then the sub-steps where the details are provided must be highlighted. 

Answer: All sub-steps and relevant details are highlighted as instructed.  

31. Discussion: As we are a methods journal, please also discuss critical steps within the protocol, any 

modifications and troubleshooting of the technique, and any limitations of the technique. 

Answer: We discussed these issues in lines 326-336 of the discussion section.  

32. References: Please do not abbreviate journal titles. 



Answer: Full names of all journals are listed as instructed.  

33. Table of Equipment and Materials: Please sort the items in alphabetical order according to the Name of 

Materials. 

Reviewers' comments: 

 

Reviewer #1: 

Manuscript Summary: 

This manuscript describes methods to generate patient derived tumor xenografts in mice that retain their 

metastatic ability and are similar to the original tumor. 

The methodology is generally clear except for the few points listed below. The model will be very useful for 

the deeper analysis of tumor metastasis. The authors have generated models with good survival of mice for 

up to 100 days. 

 

Major Concerns: 

None it is a well written manuscript. The manuscript details the development of metastatic orthotopic cancer 

models. 

 

Minor Concerns: 

Line 226, 10.4.2 It is stated "Weigh tumor and image separately.' I am not sure what this means. Are the 

authors referring to organs perhaps rather than images? 

Answer: Step was re-written to be clearer.  

Line 190, 7.6.1 It appears that the cells were instilled in the bladder for a few seconds. Do the tumor cells 

remain in the bladder after the catheter removal? Could the authors clarify this point or clarify the duration 

that the tumor cells remain in the bladder. 

Answer: After installation the catheter remains in the bladder for several seconds allowing for cells to adhere 

to the bladder wall. Cells remain in the bladder and develop into a primary tumor.  

Line 179, How certain are the authors that they are not accidently puncturing the bladder wall with the 

electro cautery wire? 

Answer: The wire has been previously measured to determine the appropriate length. The wire is taped at 

0.025” limiting its reach to only 1mm past the edge of the catheter. After removal mice are monitored for 

signs of bleeding to assure the bladder wall or urethra hasn’t be punctured.  

Line 120, The source of HK cells are not mentioned anywhere. 

Answer: As stated in line 132: “HK cells are normal human follicular dendritic cells and can be grown and 

expanded for ≤ 15 passages in vitro.” A reference of Kim et al Journal of Immunology 1995, 155 (3), 1101 

was included for more details.  

 

Table 1, The tumor implantation rate of 83% is good but it is lower than the tumor implantation rate via the 

rectal route. Could this be related to issues with the electro cautery technique or timing of cell instillation in 

the bladder? 

Answer: Implantation of colon cancer tumor cells are using intra-rectal route, while bladder cancer cells are 

using intra-bladder instillation. No direct comparison was done with same patient tumor cells in both 

models. In addition, within one model, we have seen different implantation rates with different individual 

patient tumors. It is difficult to comment on the reason for the difference in tumor implantation rates.  

Reviewer #2: 



Manuscript Summary: 

I reviewed the manuscript titled "Patient-derived orthotopic xenograft models enabling human urothelial cell 

carcinoma and colorectal cancer implant, growth, and spontaneous metastasis" by Moret and colleagues. 

The authors reported the development of patient-derived orthotopic xenograft (PDOX) models of urothelial 

cancer (UCC) and colorectal cancer (CRC). The authors isolated cancer cells from patients' and described 

technique using dissociated cancer cells from surgically excised patients' tumor samples injected into the 

bladder and rectum of NOD/SCID mice. Fluorescent/luminescent tumor cells were injected with HK cells 

(follicular NK cells). Tumor growth and metastasis were monitored by BLI and IR imaging. Tumor 

metastases were also reported. The authors compared the PDX tissues with the primary tumors. They 

showed H&E as well as ki67 immunostaining. The manuscript is clearly written. The rational and surgical 

technical approaches are clearly explained. 

 

Major Concerns: 

1. Viral transduction of dissociated cancer cells is not clearly described. The authors should indicate the 

technique of viral transduction, the source of viruses, multiplicity of infection, method of detection of the 

transduction efficiency and selection of transduced cells. These details should be described. 

Answer: On line 159 it states: “Tumor is directly injected with single dose of Luc/RFP-lentivirus (50ul/tumor, 

1:30 dilution from concentrated high tier lentivirus stock).” Revised section 4 and 5 added more details on 

monitoring and selection of transduced cells.  

2. The source of HK cells was not specified. The ratio of the numbers of cancer cells to HK cells was not 

specified. 

Answer: As stated in line 132: “HK cells are normal human follicular dendritic cells and can be grown and 

expanded for ≤ 15 passages in vitro.” A reference of Kim et al Journal of Immunology 1995, 155 (3), 1101 

was included for more details. 0.3 million HK cells were used for each mouse in both CRC and UCC models, 

various numbers of cancel cells were used based on disease stage and tumor cell aggressiveness. 

3. The authors should show immunostaining of the HK cells (NK cell markers) and inflammatory and immune 

cell infiltration in the PDX and compare that with the profile of the primary tumors. 

Answer: HK cells are a follicular dendritic cell line isolated from human tonsils. They are similar to lymph 

node stromal cells are reported in our previous publication (FASEB Journal. 2015, 29 (8), 3571). HK cells are 

not NK cells. We have data shown that HK cells will last up to 2 weeks post co-injection with tumor cells 

using GFP tagged HK cells and detected by live mouse GFP imaging (unpublished). Therefore, at the end 

point (at least 6 weeks post co-injection of cancer cells and HK cells, HK cells may not be detectable. In 

addition, NO/SCOD mice are immunodeficient mice that do not have immune cells such as T cells and B cells 

as well as with reduced NK cells. It will be difficult to compare PDX with patient primary tumor for immune 

cell infiltration.    

 

4. Since the authors used traumatic cauterization of the bladder, they should show the extent of the 

inflammatory reactions instigated by the cauterization in the bladders of non-tumor bearing mice. 

Answer: As shown in Figure 1, H&E staining of mouse bladders after electro-stimulation with or without 

tumor cell instillation. Inflammatory cell (small and dense) infiltration is observed between bladder lumen 

mucosa and tumor growth (left), however, inflammatory reaction is not as obvious in non-tumor bearing 

mice (right).  



Figure 1. H&E staining of mouse bladder after electro-

stimulation. Inflammatory cell (small and dense) infiltration 

is observed between bladder lumen mucosa and tumor 

growth (left), however, inflammatory reaction is not as 

obvious in non-tumor bearing mice (right).  


