Development of a tumorgraft model for the evaluation of molecular targeted therapies against renal cell carcinoma
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Short abstract: 

Animal models recapitulating the genetic and biology complexity of human tumors are lacking. We present a tumorgraft model of renal cancer and describe its application for drug evaluation. Samples from surgically resected human tumors were implanted orthotopically into NOD/SCID mice and assessed for their responsiveness to molecularly targeted therapies clinically in use.

Long abstract: 

Greater than 80% of anticancer drugs entering patients in clinical trials never reach FDA approval.1 The rate of failure for anticancer drugs is twice that of drugs in other categories. The toll on patient lives and resources is enormous. 

Better preclinical models are needed. Studies in tumor cell lines in culture do not reproduce the intricacies of tumors growing in an organism and xenografts derived from tumor cell lines are insufficient. The process of tumor cell adaptation to growth in culture typically results in the acquisition of new mutations2,3 and tumors formed by cell lines in mice tend to be poorly differentiated and dissimilar from the tumor from which they were originally derived.2-5 In addition, cell lines are typically implanted subcutaneously, which while allowing follow-up by visual inspection, the heterotopic nature of the implantation may adversely impact tumor biology.6-8 

These limitations may be overcome by the implantation of tumor samples obtained directly from surgical specimens from patients orthotopically in mice. Tumor samples are transplanted preserving the tumor architecture (without disaggregation) and without additives (which could affect tumor biology). To distinguish these grafts from traditional cell line-derived xenografts, theywill be referred to as tumorgrafts. 

Renal-cell carcinoma (RCC) is especially well suited for the development of a paradigmatic tumorgraft model. First, primary tumors are typically large, providing abundant tumor material, and they are often removed even in patients with metastatic disease, possibly allowing the comparison of treatment effects between the patient and a mouse implanted with the corresponding tumorgraft. Second, unlike for most tumor types, the majority of FDA approved drugs against RCC are molecularly targeted, and molecularly targeted drugs are likely to become the mainstay of cancer therapy in the future. Finally, the site for orthotopic implantation, under the kidney capsule, is a privileged site for tumor growth in the mouse. 

In our experience, tumorgrafts are histologically indistinguishable from the corresponding tumors in patients and reproduce their genetic alterations. In addition, renal tumor grafts in mice recapitulate the drug sensitivity of RCC in humans (Peña-Llopis et al., in preparation). 

Protocol Text: 

All tumorgraft studies were conducted on a protocol approved by the University of Texas Southwestern Medical Center Institutional Animal Care and Use Committee and the Institutional Review Board. Written informed consent was provided by participating patients to use material discarded from surgery for research purposes. 

1) Fresh tissue processing: 

1.1) Tumor sample collection and processing should be performed within 3 hours of tumor resection. Using aseptic techniques, place tumor tissue in a p150 dish and add 10ml of sterile PBS. Measure approximate tumor size and note any heterogeneity in the sample. 

1.2) Consider whether to preserve flanking normal renal tissue that can serve as a reference for molecular studies (i.e. DNA and mRNA).

1.3) In addition to preparing tumor tissue for implantation, which is the focus of this protocol, tissue is processed at this stage as follows: 

a. Preserve tissue using conditions that maintain tumor viability. Cut approximately 2 mm tissue fragments using a sterile razor and store tissue in pre-labeled tubes on ice. Add 1ml of ice-cold 10% DMSO/Hank’s Buffered Salt Solution (HBSS) and place the tube at -80°C within 5 min. Within 24 h to 1 week, transfer tube to liquid nitrogen for permanent storage.

b. Fix tissue for histological analyses. Place up to 5mm representative fragments in pre-labeled tubes and add 1ml of 10% buffered formalin acetate. If the tissue will be used for immunohistochemical studies, antigen integrity may be affected by fixing for more than 12 h.

c. Flash-freeze tissue for molecular studies. Place 5mm fragments in pre-labeled tubes, drop in liquid nitrogen and store at -80°C. Smaller fragments will preclude obtaining flanking sections that are optimal to assess tumor quality and tumor content.

d. For implantation, cut the tumor into ~10 fragments measuring 2 x 2 x 2mm (2 fragments per mouse for 5 mice).

2) Orthotopic implantation of tumor fragments: 

2.1) Tumors are implanted into 4-6 week old male NOD/SCID mice. Young male mice are used because NOD/SCID mice develop thymomas and the incidence increases with age and is higher in females.9 

2.2) Place a mouse in an induction chamber connected to an oxygen tank and an isoflurane vaporizer and turn on the instrument such that 3.5% of isoflurane, in conjunction with 100% O2, is delivered at a rate of 2-2.5 liters per min. Once the mouse is anesthetized (as determined by the loss of a paw reflex), place the mouse prone on a warming pad that is connected to a nose cone and reduce the level of isoflurane release to 2.5% for the duration of the surgical procedure. 

2.3) Following hair clipping, sterilize the surgical site using a povidone iodine soaked swab and an alcohol pad. 

2.4) Make a 1 cm incision along the spine and blunt dissect the skin from the mouse left flank. Next, pick up the retroperitoneum using mouse laminectomy forceps and make a 1 cm longitudinal incision along the mouse’s left side of the retroperitoneum a few mm from the spine and exteriorize the left kidney by applying gentle pressure in the dorsal to ventral direction. Place an alcohol pad under the bed of the kidney. 

2.6) Using curved 10cm spring scissors with a tip diameter of 0.15mm and a cutting edge of 7mm, make a 2mm incision and blunt dissect the renal capsule such that the tumor fragment can be inserted underneath. 

2.7) Using a mouse laminectomy forceps, pick up a 2mm fragment of tissue and place at the base of the kidney. 

2.8) With minimal pressure, gently push one end of the fragment using the forceps such that the tumor fragment is visible under the translucent renal capsule. Repeat this step with two additional fragments. 

2.9) Gently push the kidney back into position and suture the body wall with absorbable surgical sutures. Close the exterior skin layer by stapling with metal wound clips that can be removed within 2 weeks post-surgery. 

2.10) Ensure that the mouse recovers from the anesthesia before returning mouse to cage and administer 100μl of 0.015mg/ml buprenorphine solution by intraperitoneal (IP) injection. 24-hours post-op, administer a second buprenorphine dose.

3) Monitoring tumor growth, tumorgraft processing, and sequential transplantation:

3.13) Tumor growth in the kidney can be assessed by palpation. With very aggressive tumors, a mass may be palpated approximately 3-4 weeks post-implantation. RCC tumors implanted fresh will typically be ready to passage in 4-6 months and the time frame will get shorter in subsequent passages. 

3.14) Once the tumor size is estimated to be at least 5mm, a terminal blood collection is performed by cardiac puncture leading to mouse exsanguinations and the kidney with the tumor is surgically resected (Fig. 1). The tumor is then passaged to subsequent mouse cohorts using the same protocol as for the patient-derived samples. Preserve tumor samples viable in 10% DMSO/HBSS, flash-frozen, and fixed in formalin. Formalin-fixed samples are processed, embedded in paraffin, cut, and stained enabling comparison to the corresponding patient’s tumor (Fig. 2).

4) Setting up for a drug trial: 

The utilization of orthotopic xenografts to study drug responsiveness is limited by the difficulty in obtaining precise measurements of tumor growth in the kidney. Computed tomography is unsuitable, and magnetic resonance imaging, while adequate, is time-consuming. An alternative is to use ultrasonography, but this requires specialized training, and the results are operator-dependent. Thus, for clinical trials, tumorgrafts thriving orthotopically in mice are implanted subcutaneously. While the tumors that grow typically retain the histological characteristics of the orthotopic tumor, tumor growth rates are typically slower and only ~70% of the tumors grow subcutaneously. Subcutaneously implanted tumors should not be used for tumorgraft maintenance and passage onto subsequent cohorts of mice.

4.1) Prior to committing to the evaluation of a large number of mice in a drug trial, tumor growth should be evaluated in 3-5 mice to determine if the desired exponential growth pattern is obtained. Suitable tumors implanted subcutaneously should reach 300-400mm3 after 1-2 months.

4.2) For tumors with exponential growth, implant 5 mice/treatment arm (i.e. 20 mice for 4 arms). All mice should be of a comparable age and weight. Not all tumors will grow at the same rate due to inherent tumor heterogeneity, therefore implanting 20 mice will increase the chances that at least 3 mice are available per treatment arm. 

4.3) Cut tumor samples into 4 x 4 x 4mm fragments. Depending upon how many mice will be implanted more than one donor mouse will be required. From a donor mouse with a 1 cm tumor approximately 12-15 fragments can be obtained, depending on tumor vascularity and heterogeneity. Separate the tumor from the normal kidney and surrounding fat to ensure that the implanted fragment is comprised largely of tumor cells. During this process, fat debris can be distinguished from the tumor, in that it floats.

4.4) Mice should be prepared for surgery as described in 2.2. 

4.5) Following back hair clipping, sterilize the surgical site using povidone iodine soaked swab and an alcohol pad. Make a small incision over the lumbar spine and make a narrow pocket (4-5mm) starting from the spine towards the left flank such that the pocket is a few mm from the spine and is perpendicular to the initial 1cm incision. 

4.6) Using mouse laminectomy forceps, carefully place a pre-cut 4mm fragment from an orthotopically growing tumor inside this pocket and ensure that it is as far away from the spine as possible such that the tumor will not be compressed when the would clip is applied. Ensure that the tumor can be felt under the skin.

4.7) Staple the skin with metal wound clips that can be removed within 2 weeks post-surgery. 

4.8) Ensure that the mouse recovers from the anesthesia before returning mouse to cage and administer 100μl of buprenorphine at a concentration of 0.015mg/ml IP. 24-hours post-op, repeat buprenorphine administration.

4.9) One week post-surgery, begin recording tumor measurements twice weekly (Fig. 3). So that tumor measurements may be most objective, determine the largest diameter and at a perpendicular angle measure the cross-diameter. Measure also maximal depth. Weighting all three diameters equally to estimate tumor volume as their product minimizes bias. 

4.10) When tumor volumes reach approximately 300-400mm3, segregate the mice onto the appropriate number of treatment groups based on the following criteria: tumor volume, growth rate, and mouse weight. First sort the mice by tumor volume. Next, sort the mice by tumor growth rates relative to the first measurement. This might be accomplished on an excel file by sorting the mice according to tumor fold change with respect to the first tumor measurement. It is important also to visually inspect the tumor growth rates as tumors with a plateau phase may be unsuitable. Next, obtain the weights of the mice and sort the mice according to weight. Distribute the mice such that each treatment group (in our case, 4 groups) is as similar as possible according to the aforementioned criteria. 

4.11) Drug trials are typically conducted using 3-4 mice per treatment arm for 28 days. Measure the weight of mice before initiation of the drug trial and weekly thereafter. During the trial, tumor measurements are taken twice weekly. Since tumor measurements may be operator dependent, all measurements should be performed by the same individual.

5) Preparing solutions for drug trial:

In selecting drugs for a clinical trial, consider whether the drugs are prodrugs and whether there are active metabolites. If a drug is a prodrug, or depending upon the ratio of active metabolite to parent compound, it may be fitting to administer the metabolite directly to mice. If available, it is helpful to treat a cohort of mice with a drug that is expected to be inactive, as a negative control (besides a vehicle group). In the case of RCC, drug trials were conducted using sunitinib and sirolimus, the latter being the active metabolite of temsirolimus, which accounts for approximately 70% of circulating drug level in patients.10,11 As a control, erlotinib was used, a small molecule inhibitor of EGFR that is thought not to be active against RCC.12 While beyond the scope of this protocol, as drug levels may affect outcomes, pharmacokinetic (PK) studies were conducted in mice to determine the doses and regimens that most closely mimicked drug exposures in humans. In PK studies, particular importance was given to obtaining sustained circulating drug levels above trough values in humans. So long as mouse weights are within 10%, drug dosing may be based on average mouse weight.

5.1) Work in a sterile hood with autoclaved/sterile containers to prepare solutions. It is also recommended that drugs be administered to mice under a laminar flow hood. For drugs that are administered either IV or IP, a clear solution should be administered. If the drug formulation to be utilized does not yield a clear solution, adjust the formulation. Do not filter a cloudy formulation as drug substance may be removed and the concentration altered. Drugs administered by gavage do not have to be clear, but the formulation should yield a homogenous suspension. 

5.2) Based on PK studies in NOD-SCID mice, sunitinib is administered orally by gavage every 12 h at 10mg/kg. 

5.2a) To prepare sunitinib solution, prepare a 5% dextrose (D5W) solution using ddH2O, adjust pH to 7.2 using HCl, and filter using a 0.22μm filter. Next, prepare a 0.5% carboxymethylcellulose (CMC) in D5W (pH 7.2) by weighing 250mg of CMC powder and bringing up to volume to 50ml using D5W. Vortex and rock until in solution. Do not filter as solution is too viscous. 

5.2b) Prepare daily a 2 mg/ml working solution of sunitinib (i.e. 2 doses of 10mg/kg for 3-4 mice daily with an average weight of 25 grams and something extra) by weighing 2.8mg of sunitinib powder and adding 1.4ml of 0.5% CMC in D5W. Store at 4°C in between drug administrations. Give 125μl of the suspension by gavage to each 25 gram mouse every 12 h (http://www.iacuc.ucsf.edu/Policies/awSPOralGavageMice.asp)

5.3) Based on PK studies in NOD-SCID mice, sirolimus is administered by intraperitoneal (IP) injection every 48 h at a concentration of 0.5mg/kg. 

5.3a) To prepare a sirolimus solution, make a 20mg/ml stock solution in 200 proof ethanol for a 28 day treatment plan. Store at -20°C. Make a solution containing 20% PEG400 (polyethylene glycol) and 20% Tween80 in D5W (pH = 7.2). Next, prepare a solution of 5% PEG400, 5% Tween80, and D5W by pipetting the following solutions in order: 22.5ml of D5W, 12.5ml Tween80/D5W, and 12.5ml of PEG400/D5W to the same tube and vortex. Solution can be stored at 4°C for up to 1 month. 

5.3b) Dilute sirolimus stock solution (20mg/ml) to a working solution of 5mg/ml in 200 proof ethanol. 

5.3c) To prepare a daily working solution (for 3-4 mice), add the following in order and vortex: 14μl of sirolimus (5mg/ml), 21μl of 200 proof ethanol, and 665μl of 5% PEG400, 5% Tween80 in 5% D5W. For a 25 gram mouse, give 125μl of sirolimus every 48 hours by IP injection using a 27 gauge needle attached to a tuberculin syringe (higher bore needles increase the risk of bowel perforation). As a reference, an IP injection protocol may be found at http://www.bu.edu/animalcare/procedures/injection-techniques/intraperitoneal.

5.4) If more than one drug is evaluated, the vehicle solution may be chosen based on the drug of most interest. In our case, the sirolimus vehicle is used and administered to mice IP every 48h. To prepare the vehicle solution for 3-4 mice: pipet 35μl of 200 proof ethanol and 665μl of 5% PEG400, 5% Tween80 in D5W and administer 125μl per 25 gram mouse.

5.5) Based on PK studies in NOD-SCID mice, erlotinib is administered by gavage every 12 h at a concentration of 12.5mg/kg. 

5.5a) Prepare 0.3% CMC solution in 0.174M Na acetate/acetic acid by dissolving 7.135g of sodium acetate in 400ml of ddH2O. Next, add 1.5g of CMC, adjust pH to 4 with acetic acid and bring up to a final volume of 500ml. Store solution in 4°C for up to 1 month.

5.5b) Prepare a 28 day working solution of erlotinib (50mg/ml) by weighing 122.5mg of erlotinib and adding 2450μl of 200 proof EtOH. Vortex and store at -20°C. 

5.5c) To prepare a daily solution of erlotinib (2 doses for 3-4 mice): Pipet the following solutions in order and vortex in between each addition: 70μl of erlotinib (50mg/ml), 35μl of 20% Tween80, and 1295μl of 0.3% CMC in 0.174M Na acetate/acetic acid, pH 4. Give 125μl of the suspension by gavage to each mouse every 12h.

5.6) The following regimens are used to test tumor growth response: Sunitinib (10mg/kg) q12h, sirolimus (0.5mg/kg) q48h, vehicle q48h and erlotinib (12.5mg/kg) q12h. 

Tables and Figures: 

Figure 1: A) Representative photograph of normal kidney and kidney with a tumorgraft. B) Cross-sectional view of kidney with tumor. 

Figure 2: Representative histological sections of a clear-cell RCC tumorgraft showing preserved histological features of the primary tumor with serial passaging. Images are shown for the primary mouse, cohort 4 (C4) and seven (C7).

Figure 3: Measurement of subcutaneously growing tumor volume using digital calipers.

Figure 4: Representative pictures of tumors growing subcutaneously in mice at the end of a drug trial. 

Discussion: 

Herein we describe the development of a tumorgraft model for renal cancer that we believe will prove extremely useful in the development of new drugs against RCC. By using samples obtained directly from surgically resected tumor specimens from patients, and through their implantation orthotopically in mice without disruption or additives, a tumorgraft model is generated most closely resembling human RCC. 

There are several limitations of this model. First, tumor growth rates in mice are low (~20%). Factors that may influence engraftment/ tumor growth include: tumor quality, tumor cell content, tumor characteristics such as tumor grade, and technique. Second, inasmuch as implantation rates fall short of 100%, tumorgrafts may not accurately represent the full spectrum of human RCC. In this context, it is important to note that growth in mice tends to select for particularly aggressive RCC tumors13 and that these tumors are most in need of therapeutic developments. Another factor that may contribute to the selective growth of some tumors but not others is their dependency on stromal factors, as some growth factors such as hepatocyte growth factor, are not active across species.14 Whether implantation rates are improved with other mouse strains is unknown, but NOD/SCID mice, while deficient in T and B cells, still retain some NK cell function.15,16 Finally, whether matching the sex of the patient and the corresponding mouse is important is unknown, but RCC is more common in men and male mice are being used. 

The development of animal models that recapitulate the inherent biology of tumors in humans provides a valuable platform to screen and evaluate candidate drugs in a clinically relevant setting. These models are also amenable to the evaluation and optimization of pharmacodynamic tumor markers that may later be applied to patients, since after all it is human tumor tissue that is being evaluated. Importantly, should a specific molecularly targeted agent fail, these models allow the determination of whether the failure is due to inadequate drug target inhibition or failure despite inhibition of the target. This determination, which is not often possible in humans, is most important in deciding whether the target is a valid target and in choosing future directions for drug development. 
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Table of specific reagents and equipment: 

	Name of instrument/reagent
	Company
	Catalogue Number
	Comments (optional)

	MORIA Vannas-Wolff Spring Scissors
	Fine Science Tools
	15370-50
	

	Dumnot # 2 Mouse Laminectomy Forceps
	Fine Science Tools
	11223-20

	

	Rapamycin (Sirolimus)
	LC Laboratories
	R-5000
	

	Sunitinib, Malate Salt
	LC Laboratories
	S-8803
	

	Erlotinib, Hydrochloride Salt
	LC Laboratories
	E-4007
	

	Carboxymethlycellulose Salt
	Sigma
	C-5678
	

	PEG400
	Sigma-Aldrich
	81172
	

	Molecular Imaging Products Company
	The Posi-Seal Mouse and Rat Induction Chamber
	AS-01-0532

	

	Summit Anesthesia Solutions
	Isoflurane vaporizer
	22574
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