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27 SUMMARY:
28  Murine bladder tumors are induced with the N-butyl-N-(4-hydroxybutyl) nitrosamine
29 carcinogen (BBN). Bladder tumor generation is heterogeneous; therefore, an accurate
30 assessment of tumor burden is needed before randomization to experimental treatment. Here
31 we present a fast, reliable MRI protocol to assess tumor size and stage.
32
33  ABSTRACT:
34  Murine bladder tumor models are critical for the evaluation of new therapeutic options.
35 Bladder tumors induced with the N-butyl-N-(4-hydroxybutyl) nitrosamine (BBN) carcinogen are
36 advantageous over cell line-based models because they closely replicate the genomic profiles of
37  human tumors, and, unlike cell models and xenografts, they provide a good opportunity for the
38 study of immunotherapies. However, bladder tumor generation is heterogeneous; therefore,
39  an accurate assessment of tumor burden is needed before randomization to experimental
40 treatment. Described here is a BBN mouse model and protocol to evaluate bladder cancer
41  tumor burden in vivo using a fast and reliable magnetic resonance (MR) sequence (true FISP).
42  This method is simple and reliable because, unlike ultrasound, MR is operator-independent and
43  allows for the straightforward post-acquisition image processing and review. Using axial images
44  of the bladder, analysis of regions of interest along the bladder wall and tumor allow for the
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calculation of bladder wall and tumor area. This measurement correlates with ex vivo bladder
weight (rs= 0.37, p = 0.009) and tumor stage (p = 0.0003). In conclusion, BBN generates
heterogeneous tumors that are ideal for evaluation of immunotherapies, and MRI can quickly
and reliably assess tumor burden prior to randomization to experimental treatment arms.

INTRODUCTION:

Bladder cancer is the fifth most common cancer overall, responsible for approximately 80,000
new cases and 16,000 deaths in the United States in 2017%. After about 30 years without
significant advances in the systemic treatment of bladder cancer?, recent anti-PD-1 and anti-PD-
L1 checkpoint inhibitor trials have demonstrated exciting and occasionally durable responses in
patients with advanced urothelial carcinoma3->. However, only approximately 20% of patients
show an objective response to these treatments, and further studies are needed to expand the
effective use of immunotherapy in patients with bladder cancer.

Murine bladder cancer models are critical tools in preclinical evaluation of novel treatments®’.
In order to control for tumor size when randomizing mice to different treatments, tumor
burden must be assessed and controlled between treatment groups. Previous studies have
used ultrasound or bioluminescence to evaluate orthotopic cell line-based bladder cancer
models®!!, However, both techniques present several disadvantages. Ultrasound
measurements can be influenced by skills of the operator and lack three-dimensional features
and high spatial resolution. Bioluminescence methods can only provide semi-quantitative
evaluation of the tumor cells and do not allow for visualization of bladder anatomy and
morphology. Furthermore, bioluminescence can only be used with cell line-based models,
which express bioluminescent genes in hairless mice or mice with white coats.

Magnetic resonance imaging (MRI), on the other hand, offers unique flexibility in the
acquisition of high-resolution anatomical images, exhibiting a broad range of tissue contrast
that enables accurate visualization and quantitative assessment of tumor burden without the
need to express bioluminescent properties. MR images are more easily reproducible with the
appropriate analysis pipelines and guaranteed 3-D visualization of the bladder. The biggest
limitations of MRI are the length of time necessary for an examination and associated high
costs that limit high throughput assays. However, several studies have shown that MR
sequences can provide high-quality diagnostic images that can be used to effectively detect and
monitor cell line-based bladder tumors; thus, they may be used for high throughput analysis®!2.

Here, we describe a non-invasive MR-based method to reliably and efficiently characterize
carcinogen-induced bladder tumors in mice. To accomplish this, we use a fast imaging with
steady state precession MR technique (true FISP), which guarantees short scanning sessions
while still providing high quality and high spatial resolution (~100 microns) for the detection
and measurement of bladder tumors®3. Furthermore, to confirm the accuracy of this non-
invasive MRI assay, we describe the correlation between MRI-derived parameters and ex vivo
bladder weight as well as pathologically-confirmed tumor stage.

PROTOCOL:
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All methods described here have been approved by the Institutional Animal Care and Use
Committee (IACUC) of Northwestern University.

1. Induction of tumors with BBN
1.1 Obtain male C57/BL6 mice, each at least 6 weeks old.
NOTE: Male mice develop bladder cancer more quickly and consistently than female mice!4%,

1.2 Add N-nitrosobutyl(4-hydroxybutyl) amine (BBN) at a dose of 0.05% to the drinking
water. Store it in an opaque container and provide it ad libitum as drinking water to mice?®.

NOTE: Storing the BBN solution in a clear container will degrade the carcinogen?'’.
1.3 Change the 0.05% BBN water twice per week.

1.4 Monitor the animals by inspecting for signs of distress associated with bladder tumors
including hematuria, firm bladder, and masses. Inspect the mice twice per week or in
accordance with local IACUC guidelines.

1.5 Expect the tumors to develop between 16 and 24 weeks of exposure®®.
2. MRI setup

2.1 Perform a subcutaneous injection of sterile saline (0.1-0.2 mL using a 25-27 G needle
and 1 mL syringe) 10 min prior to MRI to facilitate bladder filling.

2.2 Anesthetize each mouse with a gas mixture of 100% O and isoflurane (2%—4% as
necessary). Verify an adequate plane of anesthesia by testing the withdrawal reflex (toe pinch)
before proceeding.

2.3 Transfer the mouse to the imaging holder outfitted with a nosecone for delivery of
inhaled isoflurane (0.5%—3%).

2.4 Monitor body temperature and respiration using a rectal temperature probe connected
to the physiological recording computer.

NOTE: Normal body temperature (36—37 °C) is maintained using the recirculating hot water
circuit built into the animal MR holder. Temperature is measured through a rectal sensor and
recorded on the physiological monitoring computer using dedicated physiological monitoring
software. The same system is used to record the respiration and electrocardiogram signals
measured through a pneumatic pillow placed under the rib cage and via 3-lead
electrocardiogram electrodes. The respiration signal is also used for triggering MRI acquisition
and reducing artifacts associated with respiration motion.
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3. MRI image acquisition
3.1 Utilize a quadrature body coil for excitation.

3.2 Place a 4-channel receiver coil on the lower abdomen of the mouse being scanned to
enable optimized detection of signals from the region of interest.

33 Initiate automatic adjustments through the integrated imaging software to acquire a tri-
axial set of images of the whole mouse body. From this reference set of images, identify the
region of interest (in this case, the bladder region).

3.4 Acquire three sets of orthogonal-sliced images along the axial, coronal, and sagittal
planes using radiological frames of reference.

3.5 Utilize the true FISP imaging sequence (included as one of the features in the integrated
imaging software) with the following MR parameters: TR = 900 msec, TE = 2 ms, FA =70, 14
averages.

NOTE: This set of parameters allows for rapid imaging with high diagnostic quality, including
T1/T2 weighting in <10 min per mouse.

3.6 Spatial resolution and slice thickness are determined by geometric parameters selected
by the user through the graphical interface of the integrated imaging platform. This results in a
series of slices across the whole bladder of 0.5 mm thickness with an in-plane resolution of
0.148 mm.

4. MR image analysis

4.1. Identify the set of slices of 0.5 mm thickness and in-plane resolution of 0.148 mm
covering the whole bladder.

4.2. Export to the medical image analysis software by selecting the folder with corresponding
images in ANALYZE format.

4.3 Select “representative axial view” at the center of the bladder for quantitative analysis
by scrolling through the generated images and identifying a slice at the midpoint of the bladder,
which allows for visualization of the bladder wall and lumen.

NOTE: The center slice should be the chosen one with the largest diameter.

4.4 Carefully delineate the region of interest (ROI) by manually tracing the boundaries

around the outer edge of the bladder (BLAout) and around the inner lumen (BLAi») of the
bladder (see schematic and representative figures in Figure 2) in the selected representative
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177  axial view.

178

179 45 Subtract the inner lumen from the outer edge to calculate the surface area of the

180  bladder wall.

181 BLAwall = BLAout - BLAIn

182

183  NOTE: The surface area of a control bladder with no tumor is expected to be less than that with
184  abladder tumor.

185

186 5. Euthanasia and dissection of bladder

187

188 5.1 After 20 weeks of BBN exposure, euthanize the mice using standard operating

189  procedures in accordance with local IACUC guidelines.

190

191 5.2 Clean the area of incision with 70% ethanol, then grasp and lift the abdominal wall skin
192  with forceps.

193

194 5.3 Make a midline incision from the pubic symphysis to the xiphoid process.

195

196 5.4 Sharply incise the peritoneal cavity by grasping with forceps and incising with scissors.
197

198 5.5 Identify the bladder, which is located in the midline lower abdomen.

199

200 5.6 Identify and cut the median umbilical ligament connecting the dome of the bladder to
201  the umbilicus and abdominal wall.
202

203 5.7 Grasp the dome of the bladder with forceps to provide countertraction and dissect the
204  bladder away from surrounding structures, including the seminal vesicles, rectum, and fat.
205

206 5.8 Identify the ureters entering the bladder and cut with scissors close to the bladder.
207

208 5.9 Lifting the bladder cephalad, cut the urethra with scissors and remove the bladder.
209

210 5.10 Immediately weigh the bladder after rinsing it with PBS.

211

212 6. Histologic examination of bladder tissue

213

214 6.1 Fix the bladder tissue in 10% neutral buffered formalin for 36—48 h at room temperature
215 (RT).

216

217 6.2 Embed the tissue in paraffin blocks, cut the slides for subsequent examination, and stain
218  the slides with hematoxylin and eosin for microscopic examination as described previously*®2°,

219

220 6.3 Perform a microscopic examination of the mouse bladder at low (2.5x and 10x) and high
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(20x and 40x) magnifications, examining for macroscopic lesions, hyperplasia, carcinoma in situ,
papillomas, papillary tumors, and invasive neoplasms!®2L,

REPRESENTATIVE RESULTS:

Using the protocol described (Figure 1), bladder tumors were induced in C57/B6 male mice.
MRI was performed at 16 weeks, and mice were euthanized at 20 weeks. Ex vivo bladder
weights (BW) for each mouse were recorded. Slides were stained with hematoxylin and eosin,
and all histology slides were reviewed for tumor stage.

To analyze the tumor burden using MR, the bladder wall inner lumen (BLAin) was subtracted
from the bladder wall outer lumen (BLAout) to calculate the thickness of the bladder wall
(BLAwan) (Figure 2). Representative true FISP MR images, bladder wall 3-D reconstructions, and
pathologic images of a control mouse (i.e., no tumor) are shown in Figure 3A-F, and a mouse
with a large tumor is shown in Figure 3G—L.

The MRI-derived parameter BLAwai correlates weakly with ex vivo BW (rs = 0.37, p = 0.009;
Figure 4). Examination of the MRI-derived BLAwai parameter and BW data demonstrates an
association with tumor stage (Kruskal-Wallis test MRI p = 0.0003, Figure 5A; BW p = 0.0006;
Figure 5B), as well as an association when stratifying pathology by non-muscle-invasive bladder
cancer and muscle-invasive bladder cancer (Mann-Whitney U test MRI p = 0.0002, Figure 5C;
BW p < 0.0001, Figure 5D). The performance of BLAwai and BW to determine muscle-invasive
bladder cancer is shown in Figure 5E. The area under the curve (AUC) for BLAwai (AUC = 0.81,
95% Cl 0.68-093) is statistically similar to AUC for BW (AUC = 0.89, 95% Cl 0.80-0.98; p = 0.30).

FIGURE AND TABLE LEGENDS:

Figure 1: Schema for bladder tumor induction with BBN and timing of MRI and euthanasia.
BBN is administered ad libitum at a concentration of 0.05% in drinking water. Mice undergo
MRI at 16 weeks. Mice are euthanized at 20 weeks and bladders of each are examined with
immunohistochemistry.

Figure 2: Schematic graphical depiction of method to obtain BLAwai and representative MR
image with corresponding outlines. Using intensity of MRI images, the outer wall of a bladder
was identified and an outline was drawn in red (BLAout). The hyperintense bladder lumen was
outlined in green (BLAin), and the corresponding bladder lumen area was obtained. Subtraction
of these two quantities yielded the BLAwai parameter, which corresponds to the light gray disk
in the graphical image.

Figure 3: Representative true FISP MR images, bladder wall 3-D reconstructions, and
pathologic images of a control mouse (i.e., no tumor) (A—F) and a mouse with a large tumor
(G-L). (A) Representative MR image of a mouse with no tumor. (B) Segmentation of bladder
wall area (BLAwal), outlined in red, defined as the area between the bladder lumen (BLAin) and
outer bladder wall (BLAowt). (C) 3-D rendering of the bladder wall from a control mouse,
generated by defining BLAwal at every slice through the bladder. Green arrows illustrate the

Page 5 of 6 revised October 2016



265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

bladder on a 2-D image translated to 3-D rendering. (D) 3-D rendering of a cut-out of BLAyal
from a control mouse. (E) Low power (2.5x) and (F) high power (10x) images of the same mouse
bladder. (G) Representative MR image of a mouse with a large tumor. (H) Segmentation of
bladder wall area (BLAwall), outlined in red, defined as the area between the bladder lumen
(BLAin) and outer bladder wall (BLAout). (I) 3-D rendering of the bladder wall of a mouse with a
large tumor. (J) 3-D rendering of a cut-out of the bladder of a mouse with a large tumor,
generated by defining BLAwai at every slice through the bladder. Green arrows illustrate the
bladder on a 2-D image translated to 3-D rendering. (K) Low power (2.5x) and (L) high power
(10x) images of the same mouse bladder.

Figure 4: Spearman correlation between the MRI-derived BLAwai and final bladder weight.

Figure 5: Comparisons of pathologic stage and MRI-derived parameter BLAwaiin 47 mice. (A)
Comparison of all pathologic stages and MRI BLAwai (Kruskal-Wallis test). (B) Comparison of all
pathologic stages and bladder weight (Kruskal-Wallis test). (C) Comparison of non-muscle-
invasive bladder cancer (stage <T1) and muscle-invasive bladder cancer (stage >T2) with MRI
BLAwai (Mann-Whitney U test). (D) Comparison of non-muscle-invasive bladder cancer (stage
<T1) and muscle-invasive bladder cancer (stage >T2) with bladder weight (Mann-Whitney U
test). (E) ROC curve of the MRI-derived bladder area and final bladder weight in determining
muscle-invasive bladder cancer (stage >T2). The listed p-value is the difference between the
two AUCs.

DISCUSSION:

Accurate imaging of tumor models is necessary for appropriate pre-euthanasia staging and
animal randomization prior to initiation of experimental treatment. Using the procedure
presented here, we demonstrate methodology to (1) generate bladder tumors using the BBN
carcinogen and (2) stratify bladder tumor burden through the use of MR. An MR-derived area
measurement (BLAwai) correlates significantly with ex vivo bladder weight and is associated
with pathologic tumor stage.

By adopting a rapid imaging approach with short acquisition times at high spatial resolution
(true FISP) and high diagnostic quality, we can conduct high throughput assays of mice at
intermediate stages of tumor development, prior to treatment randomization. Our report is
consistent with prior reports of MR imaging of cell line-based tumor implants®!2 and confirms
its potential as a tool to optimize large subject number drug studies.

In this MRI protocaol, it is critical to image the mouse with a full bladder to obtain high quality
images and delineate the differences between the tumor and bladder lumen. We find that
injecting each mouse with saline 10 minutes before imaging allows for adequate imaging of the
bladder. Further critical steps include reliable triggering of MRI acquisition using the respiration
signal detected with a pneumatic pillow placed under the mouse rib cage and acquisition of an
adequate number of MR slices that enables coverage of the whole bladder.

Other options for imaging development and progression of murine bladder tumors include
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ultrasound?® and bioluminescence!®!!, Micro-ultrasound imaging of implanted MBT-2 cells
detected tumors in 15 mice, 13 of which were histologically confirmed to have tumors&.
Ultrasound volume correlated significantly with stereoscopic volume of tumor, but tumor
weight and stage were not investigated®. Bioluminescence has been used to accurately monitor
cell line-based tumor implants, but it cannot be used to monitor carcinogen-induced cancers
without transplanting carcinogen-derived tumors from one mouse to another. The ability to
accurately monitor carcinogen-induced cancers is critical, as these models have several
advantages over cell line models. Cell line-based models are genetically homogenous and
derived from tumors that have already evaded immunosurveillance, and implanted tumors
grow rapidly without a chronic inflammatory microenvironment?2. The BBN model has been
used successfully for over 30 years, and it remains a critical model for the understanding of
bladder cancer development and treatment?32°. Furthermore, the BBN model demonstrates
mutational and gene expression profiles similar to human bladder cancer, while still retaining
the intact immune system to allow for the study of potential immunotherapeutic agents®?’.

Availability of dedicated small animal MRIs as shared resources at multiple institutions makes
this techniques advantageous and practical for basic research and screening of novel therapies.
However, there are some limitations. Mice were imaged only at one timepoint, not
continuously during the development of tumors. However, based on our statistical results, we
suggest that the single timepoint value is able to accurately stratify mice into groups by tumor
size and stage, and it represents an ideal, non-invasive parameter to classify and assign subjects
to different groups. Multiple tumor stages were generated using BBN, ranging from Ta to T4.
However, these may be stratified (as suggested in Figure 5C-D) as muscle-invasive (T2 or
greater) and non-muscle invasive (T1 or less), as this is standard management in human bladder
cancer?®,

Another potential limitation is that the BLAwai parameter was derived using a single slice
through each bladder and not all available slices covering it. These criteria were chosen to
reduce analysis pipeline requirements (i.e., requirement of drawing multiple ROIs across
multiple slices) and were deemed sufficient for a fast, quantitative assay. More complex
volumetric analysis can be conducted on the subjects (i.e., shown for illustrative purposes in
Figure 3) but would inevitably require more effort and costs. Automated image processing
algorithms can be used for automatic delineation of bladder region; however, these methods
suffer from intrinsic variability of bladder shape and size among individual mice and require
significant testing and validation prior to reliable adoption in a preclinical study?°.

Qualitative assessment of volumetric data suggest that this single slice method is sufficient for
this type of assay. However, it is possible that more advanced assays may require this additional
data/image processing step. From the acquisition point of view, there are several additional
scans that could be acquired, which may further increase the ability to predict progression of
tumors while also revealing more subtle tumor microenvironment changes. These additional
techniques include dynamic contrast enhanced MRI, diffusion weighted MRI, and other
sequences® that enable a comprehensive, multi-parametric characterization of the bladder
wall. However, consideration of cost and efficiency led us to confine our assay to the one
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described in this protocol.

In conclusion, we describe the methodology for T1/T2-weighted rapid imaging MR sequences
(true FISP) to acquire multi-slice images covering the entire mouse bladder. We demonstrate
that these images can be used to determine the extent of tumor in a carcinogen-based model
of murine bladder cancer. MRI data correlates with bladder tissue weights and is associated
with tumor stage. These results support the use of this fast and reliable MRI assay to stratify
mice prior to experimental treatment randomization.
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N-butyl-N-(4-hydroxybutyl)nitrosamine carcinogen (BBN)

TCI American

Model 1030 Monitoring & Gating System

0.9% normal saline Hospira, Inc
Isoflurane Piramal HealthCare
7Tesla ClinScan MRI Bruker
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Formalin, Neutral Buffered, 10% Sigma
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article:

Magnetic resonance imaging of carcinogen-induced murine bladder tumors

Author(s):

Alexander P. Glaser MD, Daniele Procissi PhD, Yanni Yu, Joshua J. Meeks MD PhD

ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:

E Standard Access

Item 2: Please select one of the following items:

D Open Access

DThe Author is NOT a United States government employee.

DThe 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.

Q‘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; “JOoVE” means Mylove 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

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

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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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
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.

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 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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 payment 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
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 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:
Joshua Meeks
Department:
Urology
Institution: Northwestern University
Title: Assistant Professor
Signature: M 9] . Date: 9/14/2018
v U—

Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe 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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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.

Thank you. Minor grammatical changes have been made throughout the manuscript.

2. Please provide an email address for each author.

This has been provided in the title page.

3. Keywords: Please provide at least 6 keywords or phrases.

An additional keyword was provided to total 6. This is located on the title page.

4. Please remove commercial language and replace it with generic terms: Jim7, Xinapse Systems Ltd, etc.
Thank you. This language has been removed.

5. 1.5: How to confirm that tumors have been developed?

The only way to confirm that tumors have been developed is an imaging study as we describe in this
manuscript.

6. 2.1: Please mention how proper anesthetization is confirmed.
This has been added to methods section 2.2.

7.5.2: How to remove bladder tissue?

Additional details have been added to section 5.

For how long and at what temperature is the tissue fixed in 10% formalin? How histologic examination is
done? What are the staining agents? Please add more details here or provide relevant references.

Additional details have been added, now listed as section 6, as requested.

8. Figure 3: Please explain what the green arrows and red circle represent in the figure legend.
Additional detail has been added to the Figure 3 legend.

9. Discussion: Please discuss critical steps within the protocol.

A paragraph describing critical steps has now been added to the discussion.

10. References: Please do not abbreviate journal titles.

*
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References were previously cited using the JoVE EndNote Styling, which does abbreviate journal titles.
The style in this manuscript has now been changed to include full journal names as requested.

11. Please revise the table of the essential supplies, reagents, and equipment to include the name,
company, and catalog number of all relevant materials.

A revised materials table has been provided.

Reviewers' comments:
Reviewer #1:

Manuscript Summary:

This is a straightforward manuscript describing MRI to assess tumour burden in a mouse model of
carcinogen-induced bladder cancer. The authors present the benefits and limitations of the model well
and highlight how the technique may address a major challenge in the field - that BBN-induced tumours
are highly heterogeneous. Indeed, the ability to stratify tumours according to stage prior testing
experimental therapy should lead to greater consistency in reported results. While the manuscript is
well written and organised, there are a few minor concerns, detailed below.

Major Concerns:
No major concerns

Minor Concerns:
1. MRI or MR is never defined in the text - it would be convention to define the acronym at first use.

MRI is now defined in the introduction. Thank you.

2. In the paragraph describing limitations (lines 67-75), it may be appropriate to discuss availability of
MRI for mice. Is this technique/are the machines widely available, for example?

Thank you for bringing this up. Dedicated small animal MRIs are becoming more common and we
have added a sentence regarding use of MRIs as shared resources into the discussion.

3. In the Protocol:
1.1 Itis indicated that male mice should be used for this protocol, but no explanation for why is
provided. This should be mentioned or sex should not be specified.

Thank you for this comment. Male mice develop bladder cancer more quickly than female mice in the
BBN model, and a fair amount of work has been done to investigate why this is, so this should be

emphasized to the reader. Additional details and citations have been added to the manuscript.

2.1 and 2.2 should likely be inverted? Might it make more sense to inject animals with water prior to
anesthetising them?

Yes, thank you, this has been corrected.



2.4 Monitor body temperature and respiration is mentioned, but no indication of how is mentioned - by
instrumentation, by eye?

Thank you for mentioning this critical point. Monitoring is performed with instrumentation.
Additional details have been added to the methods, discussion, and table of materials.

5.1 As euthanasia protocols can vary widely by institute, it would be better to remove the phrase "of
CO2 euthanasia followed by secondary cervical dislocation" (line 135) leaving only "using standard
operating procedure in accordance with local IACUC guidelines.

Thank you, this statement has been adjusted in accordance with your recommendation.

4. In the representative results, the importance of correlation between bladder weight and bladder wall
measurements is over-emphasised with respect to the correlation coefficient. An rs of 0.37 is not a
strong correlation, as the strength of correlation decreases as the correlation coefficient approaches 0.
The p-value only indicates whether the relationship measured occurred by chance. Thus, thisis a
relatively weak correlation (rs = 0.37), however, it is likely not due to chance (p=0.009). Additionally, it
might be helpful to show the best fit line, as there appears to be one outlier in the graph with a much
thinner bladder wall, and it is unclear how much this point drives the relationship.

Thank you for your careful review. We agree that rs of 0.37 is not a strong correlation, and have
changed the wording in the text to reflect this. Removing the outlier as you mention increases the
spearman coefficient. We opted not to place a fit line through the graph, as bets fit (i.e., regression)
lines are not typically used for correlations.

5. In figure 5, p-values are presented, however, the tests used to generate them are not stated. The test
used and the variables measured should be stated in the legend. Appropriate tests for the data in 5A
and 5B would include a nonparametric Kruskal-Wallis test, with a post-test to correct for multiple
comparisons, in which the authors compared all tumour stages to the control TO stage. In 5C and 5D, a
nonparametric Mann-Whitney would be an appropriate test to determine statistical significance.

Thank you. Indeed the nonparametric Kruskal-Wallis and Mann-Whitney tests were used as you
describe. This is now included in the figure legend as suggested.

6. It is stated that "...the MRI derived BLAwall parameter and the BW data demonstrates a direct
association with tumour stage..." (line 153-154). This is also likely overstated as the bladder wall values
overlap almost entirely in Ta, T1, T2, and T4 tumours (5A). The same can be said for weight and all
tumour stages except T3, T4 (5B). Analysis by Kruskal-Wallis testing will reveal statistically significant
differences among the different groups. Those differences should be emphasised. Importantly - the
potential lack of a statistically significant difference across all tumour stages does not diminish the
potential applicability of the technique, however, the limitations of the "fast quantitation" analysis
should be clear.

The word “direct” has been removed from the manuscript as we agree that this may be overstating
the association. In addition, as you suggest, the name of the statistical tests performed was added.

7. In the discussion, it is emphasised that this technique will enable investigators to stratify animals prior
to experimentation. It would be of interest if the authors commented on the very diverse range of



tumours analysed in the course of this study. Tumours ranging in stage from Ta to T4 are reported -
were all of these stages observed after 20 weeks of BBN treatment? How might one stratify such
diversity?

We have added an additional statement and citation regarding tumor stratification into muscle-
invasive (T2 or greater) and non-muscle invasive (T1 or less), as is standard management in human
bladder cancer.

Reviewer #2:

Manuscript Summary:

The manuscript by Glaser et al., descripts a detailed MRI protocol to evaluate tumor burden in situ,
particularly the BBN-induced bladder cancer (BCa). Like human, male mice are much more susceptible
than females to the BBN-induced BCa (Kaneko and Li, 2018). A recent report from this group also
demonstrated that the BBN carcinogen induced BCa recapitulates molecular features of human muscle
invasive BCa (Fantini et al., 2018). However, there is a lack of effective tools to accurately monitor
bladder tumor burden longitudinally. A reliable MRI based protocol to assess tumor size and stage is
timely and invaluable for the field of BCa study. Therefore, this manuscript is suitable for publication. A
few minor comments:

Minor Concerns:

1. A better description of MR image analysis is recommended. Specifically, how the representative axial
view is selected (4.3), and how the ROl is determined to draw BLAout and BLAin.

Thank you for your review and comments. Additional details have been added to this section as
suggested.

2. Figure 4 and 5, please indicate the number of mice used for the analysis, and the statistic method
used in Figure 5A and B. Please also highlight in Figure 5A and B which two groups are compared.

Additional details have been added regarding the statistical tests used for Figures 5A-B (Kruskal-Wallis
test), and for Figures 5C-D (Mann-Whitney tests). The number of mice is also now included.

3. Recent advances of using the BBN model should be referenced as well.

Thank you. Additional citations, including Kaneko and Li 2018 have been added to the discussion as
you suggest.
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Editorial comments:

1. The editor has formatted the manuscript to match the journal's style. Please retain the same.
This has been done. Thank you.

2. Please address all the specific comments marked in the manuscript.

This has been done in the submitted R2 manuscript. Thank you.

3. Once done please highlight 2.75 pages of the protocol including heading and spacing. This should be
the most cohesive story and will be used for filming.

Done. Sections 1-5 are highlighted as the histologic examination can vary depending on the
purpose of the investigator and is listed here for the representative results.

4. Please upload new figure 3 as this is not opening.
Done (submitted as a .eps file now), sorry for the problem with the prior figure.

Thank you for your careful review of our manuscript.
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