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Abstract

Background: There are limited preclinical orthotopic prostate cancer models due to

the technical complexity of surgical engraftment and tracking the tumor growth in

the mouse prostate gland. Orthotopic xenografts recapitulate the tumor micro-

environment, tumor stromal interactions, and clinical behavior to a greater extent

than xenografts grown at subcutaneous or intramuscular sites.

Methods: This study describes a novel micro‐surgical technique for orthotopically

implanting intact tumors pieces from cell line derived (transgenic adenocarcinoma

mouse prostate [TRAMP]‐C2) or patient derived (neuroendocrine prostate cancer

[NEPC]) tumors in the mouse prostate gland and monitoring tumor growth using

magnetic resonance (MR) imaging.

Results: The TRAMP‐C2 tumors grew rapidly to a predetermined endpoint size of

10mm within 3 weeks, whereas the NEPC tumors grew at a slower rate over 7

weeks. The tumors were readily detected by MR and confidently identified when

they were approximately 2–3mm in size. The tumors were less well‐defined on CT.

The TRAMP‐C2 tumors were characterized by amorphous sheets of poorly

differentiated cells similar to a high‐grade prostatic adenocarcinoma and frequent

macroscopic peritoneal and lymph node metastases. In contrast, the NEPC's

displayed a neuroendocrine morphology with polygonal cells arranged in nests and

solid sheets and high count. There was a local invasion of the bladder and other

adjacent tissues but no identifiable metastases. The TRAMP‐C2 tumors were more

hypoxic than the NEPC tumors.

Conclusions: This novel preclinical orthotopic prostate cancer mouse model is

suitable for either syngeneic or patient derived tumors and will be effective in

developing and advancing the current selection of treatments for patients with

prostate cancer.
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1 | INTRODUCTION

Prostate cancer is the second most common cancer in men worldwide

after lung cancer.1 In 2020, more than 1.4 million men were diagnosed

with prostate cancer, and more than 375,000 men died of the disease.1

The human prostate gland consists of three distinct zones: the

transitional, central, and peripheral zones. The peripheral zone

consists of the posterior and lateral portions of the prostate and

contains 70%−80% of the glandular tissue.2 Most prostate cancers

are adenocarcinomas and most commonly occur in the peripheral

zone. Metastases arise in pelvic lymph nodes and in the liver, lungs,

and bones.3 Current treatments for prostate cancer include active

surveillance, surgery, radiation therapy, androgen deprivation ther-

apy, cytotoxic chemotherapy, and immunotherapy. While the long

term survival of men with localized prostate cancer is 70% or higher

with currently available treatments, metastatic prostate cancer is

incurable.4 The high mortality is, in part, attributed to a lack of

effective treatments that account for the high degree of heteroge-

neity in the tumor cells and their microenvironment.

1.1 | Preclinical prostate models

Preclinical prostate cancer research has been restricted by a deficit of

clinically relevant laboratory models for in vivo study of the molecular

and immune mechanisms of prostate tumorigenesis, progression, and

treatment response in mice. A common approach has been to use human

tumor cell lines or tissues implanted subcutaneously in recipient

immunocompromised mice. A variety of tumor models based on

immortalized cell lines or preserved and passaged tumor biopsies from

patients with prostate cancer have been described.5–9 A major limitation

is the requirement for an immunosuppressed host system, which limits

the ability to study the immune microenvironment and immunotherapy.

Genetically engineered syngeneic prostate cancer mouse models

(GEMMs) driven by specific genetic mutations facilitate the use of fully

immunocompetent mice and overcome this limitation. One of the most

widely studied syngeneic prostate cancer models is the transgenic

adenocarcinoma mouse prostate (TRAMP) model, which utilizes the

prostate‐specific probasin promoter to express the SV40 T‐antigen (Tag)

viral oncogene.10–13 TRAMP mice develop epithelial hyperplasia at 8

weeks of age, prostate intraepithelial neoplasia at 18 weeks, and lymph

node and distant metastasis at 28 weeks. TRAMP tumors are hormonally

independent, similar to castrate‐resistant prostate cancer in humans.

Subcutaneous xenograft mouse models are commonly used as

they are simple to generate and monitor. However, orthotopic

xenografts may better recapitulate the tumor microenvironment,

tumor stromal interactions, and clinical behavior of human

tumors.14–16 Compared to subcutaneous or intramuscular tumors,

orthotopic xenograft mouse models allow implanted tumors to

develop and progress in a local milieu that more closely mirrors

patients and have been advocated as preferred models for studying

new combinations of radiotherapy or cytotoxic chemotherapy with

molecular targeted treatments.

1.2 | Aim of study

Despite the potential advantages, very few orthotopic prostate cancer

models have been described previously,17,18 in part because of the

complexity of implanting and monitoring tumor growth in the mouse

prostate gland.We previously described a method for establishing patient

derived, orthotopic cervical cancer xenografts for studying radiation

sensitizers.19–23 Here, we extend our previous work and describe a novel

technique for establishing an orthotopic prostate cancer mouse model

suitable for either patient‐derived or syngeneic tumors and monitoring

tumor progression over time or in response to treatment using magnetic

resonance (MR) imaging. We describe the orthotopic implantation

technique using intact tumor pieces derived from cell lines or patient

biopsies and illustrate the advantages of MR compared to CT imaging.

This novel technique provides a framework in which to study tumor cell

interactions with the prostatic microenvironment and treatment response

throughout disease evolution. Orthotopic implantation of tumor pieces

facilitates the preservation of tumor cell heterogeneity for the study of

cellular and molecular interactions among different cell types and may be

more representative of the biology in real patients in the clinic.

2 | MATERIALS AND METHODS

2.1 | Tumor and mouse models

Two prostate tumor models were used to illustrate the orthotopic

implantation technique. The first was derived from the TRAMP‐C2

cell line. TRAMP‐C2 donor tumors for orthotopic implantation were

established by injecting 3 × 106 TRAMP‐C2 cells (provided by S. Liu;

Sunnybrook Research Institute) subcutaneously in the flanks of

6−8 week old C57BL/6 (Jackson Laboratory) male mice. TRAMP‐C2

tumors are hormonally independent, similar to castrate‐resistant

prostate cancer in humans.12

The second tumor model was a patient‐derived neuroendocrine

prostate cancer (NEPC) provided by H. He, Princess Margaret Research

Institute and Y. Z. Wang, Vancouver Prostate Centre. The LTL‐545

NEPC model 8,24 was derived in 2013 from the primary tumor of a

patient with treatment‐naïve, poorly differentiated NEPC. The model

was originally established at the subrenal site in NOD/SCID mice and

cryopreserved for future grafting. It was previously characterized as

being androgen independent with histopathologic features of NEPC,

including small cell morphology, negative staining for androgen receptor

and PSA, and high expression of the neuroendocrine markers

chromogranin A and synaptophysin.8,24 NEPC donor tumors for this

study were established by implanting tumor pieces 2−3mm in size

subcutaneously in the flanks of 6−8 week old NOD SCID male mice

(Princess Margaret Research Institute breeding colony).

The mouse prostate gland, in contrast to the human, consists of

four paired lobes: the anterior, dorsal, ventral, and lateral lobes25,26

(Figure 1H). The dorsal, ventral, and lateral lobes are located around

the urethra below the bladder. The anterior lobes are located cranial

to the other lobes in proximity to the seminal vesicles. In mice, the
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dorsolateral prostate lobes are homologous to the peripheral zones

of the human prostate.27 Once established, TRAMP‐C2 donor

tumors were excised and transplanted to the dorsolateral prostate

lobes of C57BL/6 male mice; NEPC donor tumors were trans-

planted to the dorsolateral prostate lobes of immunosuppressed

NOD‐Rag1nullIL2rgnull (NRG, Jackson Laboratories, Princess Margaret

Research Institute breeding colony) male mice. All experiments were

performed according to protocols approved under the regulations of

the Canadian Council on Animal Care and Use.

2.2 | Surgical supplies for orthotopic
transplantation

1. Alpha‐Minimal Essential Medium (alpha‐MEM) containing peni-

cillin and streptomycin antibiotics and FBS,

2. Betadine and surgical scrub,

3. Nose‐cone anesthetic machine,

4. Isoflurane for inhalation anesthesia,

5. Meloxicam 0.5mg/mL solution in saline,

6. Syringes 1.0 mL with 27 G needles,

7. Eye gel (tear‐gel; Novartis),

8. Disposable scalpel blades #11,

9. Electric shaving razor,

10. Heating pad,

11. Sterile gauze pads,

12. Sterile swabs,

13. Scissors (fine surgical),

14. Forceps (fine),

15. Scalpel and disposable blades,

16. Small hemostat and needle driver,

17. Wound clips 9 mm with applier and remover,

18. 6‐0 proline monofilament suture nonabsorbable,

19. 70% (v/v) ethanol solution in demineralized water.

2.3 | Surgical technique for orthotopic
transplantation

1. The day of implantation, anesthetize the mice bearing the donor

tumors using 2% isoflurane inhalation and then euthanize by

cervical dislocation.

F IGURE 1 Surgical technique for implanting tumor pieces derived from cell lines or patient biopsies into the prostate glands of male mice. (A) 1−2 cm
mid‐line incision is made in the skin of the lower abdomen and the adhesions between the skin and peritoneal membrane are loosened. (B) A smaller
incision is made in the peritoneum. The seminal vesicles (black arrow) are externalized using forceps. (C) The bladder (red arrow) is externalized using
forceps. (D) Holding the bladder with forceps, a small 1mm incision is made in the ventral prostate lobe under the bladder (green arrow). (E) The suture
with the tumor fragment threaded onto it is passed from the inside to the outside of the ventral prostate at the incision site and the fragment is sutured
onto the prostate lobe (* indicates the sutured tumor fragment). (F) The tissues are returned to the peritoneal cavity. The peritoneum is closed with 2−3
sutures. (G) The skin is closed with 3–4 wound clips. The incision is sterilized with ethanol. (H) A schematic illustration of the anatomy of the mouse
prostate, adapted from Ittmann et al.26 X indicates site of tumor implantation in the prostate gland. [Color figure can be viewed at wileyonlinelibrary.com]

CHAUDARY ET AL. | 3

 10970045, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/pros.24701 by U

niversity H
ealth N

etw
ork, W

iley O
nline L

ibrary on [17/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://wileyonlinelibrary.com


2. Rapidly excise the donor tumor in a biosafety cabinet using

scissors and forceps.

3. Place the donor tumor on a 60mm2 cell culture dish containing

sterile ice‐cold complete alpha‐MEM.

4. Using forceps and a scalpel, slice the tumor into small cubic

fragments of 2−3mm3. Place the tumor fragments in alpha‐MEM

on ice. Select tumor fragments that are solid, uniform in color,

homogenous, and lacking any necrosis and blood clots for

orthotopic implantation.

5. Thread the selected tumor fragment onto the suture material

and return it to alpha‐MEM on ice. The suture should pass

through the center of the tumor piece.

6. Anesthetize the recipient mouse using isoflurane inhalation and

a nose cone with a 5% induction phase, followed by 2%

maintenance phase. Following placement of the nose cone, apply

eye gel.

7. Inject 0.1 mL meloxicam analgesic subcutaneously. Administer

0.1 mL of saline subcutaneously to keep the animal hydrated

throughout the procedure. Place a heating pad under the sterile

bench pad to keep the animal warm.

8. Remove the hair on the lower abdomen at the surgical site using

an electric razor.

9. Sterilize the lower abdomen with iodine scrub solution followed

by an antiseptic betadine skin surgical scrub, and clean with 70%

ethanol. Pat dry.

10. Lift the skin away from the lower abdomen using forceps and

make a horizontal 1.5−2.0 cm midline incision with a sterile

scalpel above the preputial gland. Use a hemostat to loosen the

adhesion between the skin and peritoneal membrane

(Figure 1A). This will facilitate easy suturing of the peritoneal

incision when closing.

11. Once the abdominal wall is exposed, make a smaller 1.0 cm

midline incision in the peritoneum.

12. Using blunt‐ended forceps, push aside the fat and externalize

the bladder. The bladder may also be located by first externaliz-

ing the seminal vesicles (Figure 1B). Directly above the preputial

glands, insert the forceps laterally into the peritoneal cavity at a

45° angle from the incision to externalize the seminal vesicles.

The seminal vesicles are delicate and should be pulled up from

the base rather than the ends, being careful not to tear the

tissue. Pulling the seminal vesicles up will help externalize the

bladder (taking care not to puncture the bladder) (Figure 1C).

13. Gently place forceps under the bladder to prevent it from sliding

back into the peritoneal cavity. Locate the ventral prostate lobes

under the bladder and next to the seminal vesicles. The lobes are

soft so care must be taken not to tear the tissue. Holding the

base of the bladder gently with forceps, make a small 1 mm

incision along the ventral prostate lobe (Figure 1D).

14. Pass the suture with the tumor fragment (without matrigel) from

the inside to the outside of the prostate at the incision point and

knot the tumor fragment so that it is in direct contact with the

ventral prostate. Place additional sutures to secure the fragment

(Figure 1E).

15. Return the bladder and seminal vesicles to their original locations

in the peritoneal cavity.

16. Close the peritoneum with 2−3 sutures (Figure 1F).

17. Using forceps, pinch the edges of the skin together along the

length of the incision and close the skin with 3−4 wound clips

(Figure 1G).

18. Sterilize the sealed skin incision with 70% ethanol.

2.4 | Postoperative care

1. Following closure of the surgical site, place the animal on a

heating pad to maintain normal body temperature during recovery

from anesthesia.

2. Place the animal in a clean cage supplied with food and water

containing the antibiotic Clavamox (0.5 mg/mL), additional nutri-

tional supplements (Ensure/KMR) for 48 h after surgery.

3. Monitor mice for up to 2 h after surgery until they are active.

4. Monitor mice daily for signs of illness or infection, including

reduced or slowed movement, weakness, hunched posture,

weight loss, lack of grooming, or difficulty breathing.

5. Remove the wound clips 7−10 days postimplantation using a

wound clip remover.

2.5 | MR and CT imaging of tumor growth and
treatment response

MR and CT imaging was initiated 12 days after tumor implantation,

the earliest time that growing tumors could reliably be identified, and

was performed approximately weekly thereafter.

MR images were acquired using a preclinical 7T MRI (Biospec

70/30 USR; Bruker) equipped with the B‐GA12 gradient coil insert

and 72mm inner diameter cylindrical transmit/receive quadrature

volume coil. Mice were immobilized in the prone position on a

vendor‐supplied bed and anesthetized with 1.8% isoflurane through a

nose cone. Axial 2D T2‐weighted rapid acquisition with relaxation

enhancement (RARE) images were acquired for each mouse,

encompassing the prostate region (effective echo time 40ms; echo

time 8ms; RARE factor 10; repetition time 4000ms; 128 × 128

matrix over 32 × 32mm field‐of‐view for 250 µ in‐plane resolution; at

least 25 slices; 1 mm slice thickness; 3 averages). The acquisition time

was 5min. Cone‐beam CT (CBCT) imaging for radiation treatment

planning was done using a small animal imager and irradiator (X‐Rad

225Cx, Precision X‐ray) with 40 KVp, 5−7mA at 0.2 mm voxel

resolution. Prostate tumor volume at each timepoint was calculated

by first contouring the tumor on each axial MR slice in which it was

visible (approximately 5−10 slices depending on tumor size and

regularity of shape) using the Inveon Research Workplace, IRW 4.0

preclinical software (Siemens Medical Solutions USA Inc.). The tumor

volume represented by each contoured region was determined from

the number and size (0.0625mm2) of the contained pixels multiplied

by the MR slice thickness (1 mm). The axial volumes were then
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summed to obtain the overall tumor volume. Tumors were not

contoured on CBCT because they could not be seen clearly. All

imaging was performed at the UHN STTARR Innovation Core Facility.

Tumors were contoured separately by two independent observ-

ers. The tumor volumes from the two observers were compared using

a linear mixed effects statistical model. Volume was log transformed

to stabilize the variance of the residuals. Time was considered a fixed

effect, as it was expected that tumor growth would occur over time.

Tumor hypoxia was measured by injecting the hypoxia marker

drug EF5 (2‐(2‐Nitro‐1H‐imidazole‐1‐yl)‐N‐(2,2,3,3,3‐pentafluoropropyl)

acetamide) 10mg/kg intravenously 3 h before euthanizing the mice.

Immunohistochemistry (IHC) was used to visualize EF5 staining. Hypoxic

fraction was calculated as the number of strongly staining pixels per

image divided by the total number of pixels. Synaptophysin and Ki67

were also evaluated by IHC in a representative NEPC tumor.

3 | RESULTS

There was 100% success rate in establishing the TRAMP‐C2 and

NEPC orthotopic tumors. Serial MR imaging every 1−2 weeks was

used to monitor tumor growth. Figure 2 shows representative

axial, T2‐weighted MR, and CBCT images of a TRAMP‐C2 tumor

and NEPC in the mouse prostate 1 week after implantation. The

tumors were readily detected by MR (Figure 2A,B) and confidently

identified when they were approximately 2−3 mm in size. The

tumors were less well‐defined on CBCT (Figure 2C,D). The

TRAMP‐C2 tumors grew rapidly to a predetermined endpoint size

of 10 mm within 3 weeks, whereas the NEPC tumors grew at a

slower rate over 7 weeks (Figure 3).

Two independent observers contoured the tumors on each axial

MR image slice to estimate tumor volume. The tumor volumes from the

two observers were compared using a mixed effects statistical model.

Of the total sample variance, 86% was attributable to “true” differences

in tumor volume agreed upon by the two observers, while 14% was due

to differences between the observers. This suggests that MR imaging of

orthotopic mouse prostate tumors, as performed in this study, provides

a reliable measure of tumor volume over time.

The mice were euthanized when the primary tumors reached the

endpoint size. The primary tumors, any enlarged lymph nodes, lungs,

liver, kidneys, and intestine, were excised for histologic assessment

by a veterinary pathologist. The TRAMP‐C2 tumors were character-

ized by amorphous sheets of poorly differentiated cells similar to a

high‐grade prostatic adenocarcinoma (Figure 4A) and frequent

macroscopic peritoneal and lymph node metastases. In contrast,

the NEPC's displayed a neuroendocrine morphology with polygonal

cells arranged in nests and solid sheets, small to moderate amounts of

vacuolated eosinophilic cytoplasm, only small amounts of fibrous

stroma, and a mitotic count of 30−50 per 10 40× field (Figure 4B).

There was a local invasion of the bladder and other adjacent tissues

but no identifiable metastases. Both the TRAMP‐C2 and NEPC

tumors were comprised of greater than 70% tumors cells, with the

stromal components representing less than 30%. The mean (±stan-

dard error) hypoxic fraction measured by EF5 staining was higher in

TRAMP‐C2 (39 ± 0.9%) than in NEPC (13 ± 2.0%), as highlighted in

Figure 4C,D.

The NEPC tumors were stained positively for synaptophysin by IHC

(Figure 4E), a marker of neuroendocrine differentiation, and the

proliferation marker Ki67 (Figure 4F). Negative synaptophysin staining

in a control, patient dervied cervical cancer xenograft (Figure 4G).

F IGURE 2 Representative axial,
T2‐weighted MR (A, B), and CBCT (C, D)
images of 8−9mm TRAMP‐C2 and NEPC
orthotopic prostate xenografts (red contours
and arrows) 3−4 weeks after implantation. The
prostate tumors were more clearly seen and
could be more confidently delineated on MR
than on CT. As the tumors grew, they
infiltrated the entire prostate gland making it
difficult to identify the prostate or seminal
vesicle anatomy in greater detail. The urinary
bladder (B) is also identified. The mice were
positioned prone for imaging. CBCT,
cone‐beam CT; MR, magnetic
resonance; NEPC, neuroendocrine prostate
cancer; TRAMP, transgenic adenocarcinoma
mouse prostate. [Color figure can be viewed at
wileyonlinelibrary.com]
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F IGURE 3 Representative axial, T2‐weighted MR images illustrating the growth of orthotopic TRAMP‐C2 (A−C) and NEPC (D−F) prostate
cancer xenografts at three time points after implantation. The prostate tumors are delineated in red at each timepoint. The TRAMP‐C2 tumors
grew faster than the NEPC tumors. Also shown is relative tumor volume for the two models (G) as a function of time after implantation. Relative
tumor volume was calculated by normalizing future volumes to the volume on Day 12 following implantation, the earliest time that growing
tumors could reliably be identified. Relative volumes of the individual tumors are shown as dotted lines, and the mean (±SEM) relative volumes
as solid lines. There were three mice per group. The mice were positioned prone for imaging. MR, magnetic resonance; NEPC, neuroendocrine
prostate cancer; TRAMP, transgenic adenocarcinoma mouse prostate. [Color figure can be viewed at wileyonlinelibrary.com]

F IGURE 4 Representative hematoxylin and eosin images (×20 magnification) (A, C) and EF5‐stained images (×10 magnification) of tumor
hypoxia (B, D) in TRAMP‐C2 and NEPC tumors. The mean (±standard error) hypoxic fraction was higher in TRAMP‐C2 (39 ± 0.9%) than in NEPC
(13 ± 2.0%). Also shown are representative images of positive synaptophysin (E) and Ki67 (F) staining in the NEPC tumor and negative
synaptophysin staining in a control, patient derived cervical cancer xenograft (G). EF5, (2‐(2‐nitro‐1H‐imidazole‐1‐yl)‐N‐(2,2,3,3,3
pentafluoropropyl)acetamide); NEPC, neuroendocrine prostate cancer; TRAMP, transgenic adenocarcinoma mouse prostate. [Color figure can be
viewed at wileyonlinelibrary.com]
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4 | DISCUSSION

Most patients with prostate cancer are diagnosed with low or

intermediate risk disease that is confined to the prostate gland.

However, the disease may evolve over time or in response to

treatment to a more locally aggressive or metastatic phenotype. New

treatments are needed at every stage of this evolution. However,

prostate cancer research has been limited by a lack of relevant

preclinical models that mirror the clinical setting. The common prostate

cancer models use immortalized cell lines or preserved and passaged

tumor biopsies from patients with prostate cancer growing sub-

cutaneously in immune deficient mice.5–9 These subcutaneous tumors

may be less representative of human cancer, in part because of the

ectopic host tumor microenvironment.14–16

This study describes a novel technique for establishing an

orthotopic prostate cancer mouse model suitable for either syngeneic

or patient‐derived tumors and monitoring tumor progression over

time or in response to treatment using MR imaging. The mouse

prostate gland differs from the human in that it has four paired lobes

without a fibrous capsule and is located in the abdomen.28 Our

technique involves micro‐surgical implantation of tumor pieces

directly onto the dorsolateral prostate lobe. Lardizabal et al.

generated orthotopic TRAMP‐C2 tumors by injecting cells into the

prostate gland under direct ultrasound guidance.17 However, to our

knowledge, only one previous study 18 described direct orthotopic

implantation of prostate tumor pieces onto the prostate gland, which

may be more biologically and clinically relevant than cell injection by

better preserving tumor heterogeneity and the de novo tumor

microenvironment. As well, the technique facilitates the use of tumor

models that are not cell‐line based, including patient‐derived

xenografts.

The TRAMP‐C2 and patient‐derived NEPC orthotopic models

described here have different strengths and limitations, as summa-

rized in Table 1. The TRAMP‐C2 orthotopic model may be most

suitable for immune or metastasis studies when rapid tumor growth is

an advantage and the limitations of an immortalized cell line tumor

are less important. In contrast, the patient derived NEPC model may

be more representative of the genetic and molecular state of high‐

grade human prostate cancer but requires a host with impaired

adaptive immunity. Of note, our orthotopic implantation and MR

monitoring approach potentially is applicable to a wide range of

prostate cell line, PDX, or syngeneic tumors,5–9,12 the choice of which

will depend on the specific molecular, genetic, or microenvironmental

features of greatest interest in a particular study.

The size of subcutaneous xenografts can be measured easily

using calipers. However, orthotopic prostate tumors are inaccessible

for caliper measurements 28 and more advanced imaging‐based

techniques are required to track tumor size over time. High resolution

ultrasound and bioluminescence imaging of luciferase expressing

tumor cells17 have been described previously. In our study, we have

shown the ease of detecting and measuring the size of orthotopic

mouse prostate tumors using T2‐weighted MR without the need for

contrast in vivo. MR region of interest contours on serial axial tumor

slices were used to reliably generate quantizable tumor volumes as

small as 5 mm3 (2−3mm linear dimension) for image analysis. The

tumors were readily detected by MR and confidently identified when

they were approximately 2−3mm in size. We found minimal

interobserver variability in MR‐based tumor volume measurement,

with 86% of the total sample variance attributable to true differences

in volume (14% attributable to interobserver variability). Tumors

smaller than 5mm3 had heterogenous contrast and unclear borders

between the tumor and surrounding normal tissues.

Hypoxia is present in most solid tumors, including prostate

cancer, and is a central driver of genomic instability, malignant

progression, metastases, and treatment response.29,30 In prostate

cancer, hypoxia has been reported to influence recurrence after

surgery or radiotherapy and progression toward more malignant and

metastatic phenotypes, including NEPC.31–35 In the preclinical

setting, tumor hypoxia has been reported to vary depending on the

tumor model and implantation site.15 The two orthotopic models

used in this study had different levels of hypoxia that were relatively

consistent within each model (TRAMP‐C2 39 ± 0.9%, NEPC

13 ± 2.0%). It may be important to include tumor models with

different levels of hypoxia when studying prostate cancer progres-

sion or new prostate cancer treatments to better approximate real‐

world conditions in patients.

5 | CONCLUSION

We describe a novel orthotopic prostate cancer mouse model

suitable for either syngeneic or patient derived tumors. The main

advantage compared to other models is that it accounts for the

interaction between tumor cells and the prostatic microenvironment,

TABLE 1 Advantages and disadvantages of TRAMP‐C2 and
NEPC orthotopic prostate xenografts used in this study.

TRAMP‐C2 NEPC

Advantages • Genetically
engineered, syngeneic

model
• Rapid growth (weeks)
• Well characterized
• Suitable for immune

studies

• Suitable for metastasis
studies

• Patient derived
prostate cancer model

• Genetically
representative of
high‐grade human
prostate cancer

• Suitable for genetic

and molecular studies
of radiosensitizers and
other treatments

Disadvantages • Immortalized, cell line
mouse model

• Genetically less
representative of
human prostate cancer

• Radioresistant

• Slower growth
(months)

• Requires host with
impaired adaptive
immunity

• Not suitable for
immune studies

Abbreviations: NEPC, neuroendocrine prostate cancer; TRAMP,

transgenic adenocarcinoma mouse prostate.
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which is important in prostate cancer evolution and response to

treatments like radiotherapy and immunotherapy. Tumor growth and

treatment response can be reliably measured using longitudinal MR

imaging. Overall, the model provides a clinically relevant platform for

studying new prostate cancer treatments and biomarkers of response

with the potential to accelerate translation from the laboratory to the

clinic.
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