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SUMMARY:
Three-dimensional cultures of patient BMPC specimens and xenografts of bone metastatic prostate cancer maintain the functional heterogeneity of their original tumors resulting in cysts, spheroids and complex, tumor-like organoids. This manuscript provides an optimization strategy and protocol for 3D culture of heterogeneous patient derived samples and their analysis using IFC. 

ABSTRACT:
Three-dimensional (3D) culture of organoids from tumor specimens of human patients and patient-derived xenograft (PDX) models of prostate cancer, referred to as patient-derived organoids (PDO), are an invaluable resource for studying the mechanism of tumorigenesis and metastasis of prostate cancer. Their main advantage is that they maintain the distinctive genomic and functional heterogeneity of the original tissue compared to conventional cell lines that do not. Furthermore, 3D cultures of PDO can be used to predict the effects of drug treatment on individual patients and are a step towards personalized medicine. Despite these advantages, few groups routinely use this method in part because of the extensive optimization of PDO culture conditions that may be required for different patient samples. We previously demonstrated that our prostate cancer bone metastasis PDX model, PCSD1, recapitulated the resistance of the donor patient’s bone metastasis to anti-androgen therapy. We used PCSD1 3D organoids to characterize further the mechanisms of anti-androgen resistance. Following an overview of currently published studies of PDX and PDO models, we describe a step-by-step protocol for 3D culture of PDO using domed or floating basement membrane (e.g., Matrigel) spheres in optimized culture conditions. In vivo stitch imaging and cell processing for histology are also described. This protocol can be further optimized for other applications including western blot, co-culture, etc. and can be used to explore characteristics of 3D cultured PDO pertaining to drug resistance, tumorigenesis, metastasis and therapeutics.

INTRODUCTION:  
Three-dimensional cultured organoids have drawn attention for their potential to recapitulate the in vivo architecture, cellular functionality and genetic signature of their original tissues1-5. Most importantly, 3D organoids established from patient tumor tissues or patient derived xenograft (PDX) models provide invaluable opportunities to understand mechanisms of cellular signaling upon tumorigenesis and to determine the effects of drug treatment on each cell population6-13. Drost et al.5 developed a standard protocol for establishment of human and mouse prostate organoids, which has been widely adopted in the field of urology. In addition, significant effort has been dedicated for further characterization of 3D organoids and to understand the detailed mechanisms of tumorigenesis and metastasis4,12,14,15. In addition to the previously established and widely accepted protocol for 3D organoids cultures, we describe here a step-by-step protocol for the 3D culture of PDO using three different doming methods in optimized culture conditions.

In this manuscript, 3D organoids were established as an ex vivo model of bone metastatic prostate cancer (BMPC). The cells used for these cultures came from the Prostate Cancer San Diego (PCSD) series and were derived directly from patient prostate cancer bone metastatic tumor tissues (PCSD18 and PCSD22) or patient derived xenograft (PDX) tumor models (samples named PCSD1, PCSD13, and PCSD17). Because spontaneous bone metastasis of prostate cancer cells is rare in genetically engineered mouse models16, we used direct intra-femoral (IF) injection of human tumor cells into male Rag2-/-c-/- mice to establish the PDX models of bone metastatic prostate cancer17. 

Once 3D organoids are established from heterogeneous patient tumor cells or patient derived xenografts, it is essential to confirm their identity as prostate tumor cells and to determine their phenotypes in the 3D organoid cultures. Immunofluorescence chemistry (IFC) allows the visualization of protein expression in situ in each cell, often indicating the potential functions for specific cell populations2,4. In general, IFC protocols for a vast majority of samples including tissues and cells are straightforward and fully optimized. However, the cell density and number of organoids can be significantly lower than that of conventional culture. Therefore, the IFC protocol for organoids requires additional steps to ensure proper processing and embedding in paraffin for all organoids in the samples. We describe additional steps for an agarose pre-embedding process and tips to label the location of sectioned organoids on the slide that increases the success rate of IFC on organoids especially when the samples of organoids have lower cell density than desired. 

PROTOCOL:

This study was carried out in strict accordance with the recommendations in the Guide for the University of California San Diego (UCSD) Institutional Review Board (IRB). IRB #090401 Approval was received from the UCSD Institutional Review Board (IRB) to collect surgical specimen from patients for research purposes. An informed consent was obtained from each patient and a surgical bone prostate cancer metastasis specimen was obtained from orthopedic repair of a pathologic fracture in the femur. Animal protocols were performed under the University of California San Diego (UCSD) animal welfare and Institutional Animal Care and Use Committee (IACUC) approved protocol #S10298. Cells from mechanically and enzymatically dissociated patient tumor tissue were intra-femorally injected into 6 to 8 week old male Rag2-/-;γc-/- mice as previously described17. Xenograft tumor volume was determined using an in vivo bioluminescence imaging system and caliper measurements. Upon tumor growth up to 2.0 cm (the maximal allowable size approved by IACUC), the tumor was harvested for 3D organoids establishment. 

NOTE: Figure 1 shows the workflow for establishing 3D Organoids and a protocol number for each step of the experimental procedures. 

1. Processing of patient derived xenograft (PDX) tumor tissues

NOTE: This is an initial step for organoid establishment for a tumor derived from a xenograft mouse model. This protocol is adapted from a previous publication by Drost et al.5 and we have modified the media conditions to include serum supplementation to organoid media. 

1.1. Process the tumor specimen as described below. 

1.1.1. Mince tumor samples to 1-3 mm3 sized pieces and digest the samples with 10 mL of cell dissociation solution for 45 min at room temperature. 

1.1.2. To terminate digestion, add 20 mL of DMEM complete media to the samples. 

1.1.3. Filter the suspension through a 70 m cell strainer. Use a sterile plunger flange to push any leftover tissue on the top of 70 m cell strainer. 

1.1.4. Centrifuge at 300 x g for 5 min at 4 °C.

1.1.5. Wash the cell pellet three times with fresh adDMEM complete media. Match the volume of media for wash and resuspension with the volume of media suggested in Table 3. For example, for a 24 well plate culture condition, the volume for the wash should be 500 µL.

NOTE: As shown in Table 3, the protocol is applicable to different culture conditions. 

1.1.6. Determine final cell counts using Trypan blue dye and a hemocytometer. 

1.1.7. After obtaining cell counts, re-suspend cell pellet in 80 µL of 2% FBS in PBS per 2 x 106 tumor cells. 

1.1.8. Add 20 µL of Mouse Cell Depletion Cocktail per 2 x 106 tumor cells. Mix well and incubate for 15 min at 2-8 °C. 

1.1.9. Adjust the volume to 500 µL with 2% FBS in PBS buffer per 2 x 106 tumor cells. 

NOTE: Up to 1 x 107 tumor cells in 2.5 mL of cell suspension can be processed on one LS column.

1.1.10. Load the LS columns on the magnetic column separator and place a 15 mL conical tube on a rack underneath to collect the flow-through.

1.1.11. Rinse each column with 3 mL of 2% FBS in PBS buffer. Discard the conical tube with the wash flow-through and replace with a new, sterile 15 mL conical tube. 

1.1.12. Add the cell suspension (up to 2.5 mL of 1 x 107 tumor cells) onto the column. Collect flow-through that will be the enriched with human tumor cells. 

1.1.13. Wash the column twice with 1 mL of 2% FBS in PBS buffer. 

NOTE: It is important to perform wash steps as soon as the column is empty. Also, try to avoid forming air bubbles. 

1.2. Aliquot the appropriate volume of cell suspension to a 1.5 mL tube for the desired culture set up (Table 3).

1.3. Centrifuge the 1.5 mL tube at 300 x g and 4 °C for 5 min.

1.4. Carefully remove and discard the supernatant. 

2. Processing of patient primary tumor tissues

NOTE: This is an initial step for organoid establishment. 

2.1. Follow all of step 1 except the mouse cell depletion process, which is not necessary for processing of patient primary tumor tissues. 

3. Forming an attached round dome on the plate

NOTE: This manuscript describes three ways to make a dome from a mixture of the cell pellet and the basement membrane (e.g., Matrigel) as shown in Figure 1 and Figure 2. In Steps 2-4, the cells and the basement membrane should be kept on ice to prevent solidification of the basement membrane. 

3.1. [bookmark: _Hlk13569918]Resuspend the cell pellet in the appropriate volume of basement membrane (e.g., 40 µL) for a 24 well plate set up (Table 1).

3.2. Pipette up and down gently to ensure that the cells are re-suspended well in the basement membrane. 

3.3. Pipette the appropriate volume (Table 3) of the cell-basement membrane mixture (and optional 10 µL of adDMEM complete media) into the center of the pre-warmed issue culture plate. 

3.4. Invert the plate and immediately place the plate upside down in the CO2 cell culture incubator set at 5% CO2, 37 °C for 15 min. This prevents cells from settling and adhering to the plate bottom while allowing the basement membrane to solidify. 

3.5. Pipette the appropriate volume (Table 3) of pre-warmed medium containing 10 M Y-27632 dihydrochloride into each well. 

3.6. Place the plate right side up inside the CO2 cell culture incubator (5% CO2, 37 °C).

3.7. Change the media every 3-4 days. After 5-7 days, use culture medium without 10 M Y-27632 dihydrochloride to maintain the cultures. 

4. Forming a floating dome from an attached round dome on the plate

4.1. After step 3.7, detach the dome using a cell scraper. 

5. Forming floating beads

NOTE: This protocol is named as floating beads since the mixture of basement membrane, media, and organoids look like beads. 

5.1. Cut a 2 inch x 4 inch piece of paraffin film. 

5.2. Place the paraffin film on the top of the divots of an empty tip-holding rack from a 1000 µL plastic pipette tip box. 

5.3. Gently press down on the paraffin film to trace the divots using a gloved index finger but without breaking through the paraffin film. 

5.4. Spray the paraffin film with 70% ethanol and turn on the UV lamp in the cell culture hood to sterilize the prepared paraffin film for at least 30 min. 

5.5. Prepare a mixture of cells and 20 µL of basement membrane. Seeding density can be 50,000 - 250,000 cells per dome.

5.6. Pipette the mixture of cells processed from step 1 or 2, and 20 µL of basement membrane into the mold of the divot formed in the prepared paraffin film. 

5.7. Resuspend the cell pellet in basement membrane and pipette the cell suspension in the prepared paraffin filmed divots. 

5.8. Place the solidified beads and paraffin film into a 6-well plate. One well in a 6-well plate can fit up to 5 beads.

5.9. Pipette 3-5 mL of pre-warmed medium containing 10 M Y-27632 dihydrochloride into each well while gently brushing beads off of the paraffin film. 

NOTE: As a minimum volume, 3 mL is recommended. For a maximum number of beads (N=5) per well, 5 mL of medium is recommended.

5.10. Place the plate inside a CO2 incubator (5% CO2, 37 °C).

5.11. Change the organoid media every 3-4 days. After 5-7 days, use culture medium without 10 M Y-27632 dihydrochloride to maintain the cultures. 

6. In vivo organoids image stitching using microscope18

NOTE: Certain microscopes are unable to reach the outer perimeter of the cell plate (edge wall); therefore, we suggest using the wells close to the perimeter of the cell plate when image stitching. 

6.1. Place the cell culture plate in an upward position into the plate holder in the Keyence microscope. 

6.2. Place the lens on the center of the target dome. 

6.3. Set up the automatic stitching process by selecting number of the frames. For examples, 3 x 3 or 5 x 5 can be chosen to generate 9 images or 25 images total. 

6.4. Press the capture button to initiate imaging process. 

6.5. Open the image viewer software and load a group of images taken by step 4. 

6.6. Click Image Stitching to create a high-resolution stitched image. 

NOTE: Capturing of serial 9 or 25 images can be performed either by manual or automatic set up to focus the cells. 

7. Organoid processing for histology: the agarose spin down method 

NOTE: This protocol is adapted from a previous publication by Vlachogiannis et al.7. We have added a step involving agarose embedding to successfully embed all populations of organoids. 

7.1. Remove existing media from the well. Be careful not to aspirate the basement membrane domes. 

7.2. Add an equal (equal to the volume of media removed from step 1) volume of cell recovery solution and incubate for 60 min at 4 °C. 

7.3. Dislodge the basement membrane dome using a pipette and crush the basement membrane dome using a pipet tip. Collect the dissociated dome and cell recovery solution in a 1.5 mL tube. 

7.4. Centrifuge at 300 x g and 4 °C for 5 min. 

7.5. Remove the supernatant (cell recovery solution). Save all supernatants in separate tubes until the end when the presence of organoids is confirmed in the final pelleting step.

7.6. Add desired volume (Table 3) of cold PBS and gently pipette up and down to mechanically disturb pellet. 

7.7. Centrifuge at 300 x g and 4 °C for 5 min. 

7.8. Remove the supernatant (PBS).

7.9. Fix the pellet in a matched volume (e.g., 500 µL for one pellet from the 24 well plate culture condition, Table 3) of 4% PFA for 60 min at room temperature. 

7.10. Following fixation, centrifuge at 300 x g and 4 °C for 5 min. 

7.11. Remove the supernatant (PFA). 

7.12. Wash with matched volume (e.g., 500 µL for one pellet from the 24 well plate culture condition, Table 3) of PBS and centrifuge at 300 x g and 4 °C for 5 min.
 
7.13. Prepare warm agarose (2% agarose in PBS). 

NOTE: Here, cell pellets for frozen sections can be directly re-suspended in 200 µL of OCT compound without further steps in Protocol 7. 

7.14. Re-suspend the cell pellet in 200 µL of agarose (2% in PBS). 

7.14.1. Immediately after adding agarose, gently detach the cell pellet from the wall of the 1.5 mL tube using the 25 G needle attached to 1 mL syringe. As shown in Figure 3, if the cell pellet is not physically detached from the wall of the 1.5 mL tube, then there is a risk of losing all or part of the cell pellet during the agarose embedding process.

7.15. Wait until the 2% agarose in PBS is completely solidified. 

7.16. Detach the solidified agarose block from the 1.5 mL tube using a 25 G needle attached to the 1 mL syringe. 

7.17. Transfer the detached agarose block containing the cell pellet to a new 1.5 mL tube. 

7.18. Fill the tube with 70% EtOH and proceed further using the conventional protocol 	for tissue dehydration and paraffin embedding. 

8. Histology and Immunofluorescent cytochemistry (IFC) of organoids 

8.1. Select the slide(s) for histology or IFC. 

8.2. Before initiating the staining process, find out where the cells are located on the slide and draw a circle around the cells on the slide using a marker. 

8.3. Draw the perimeter around the edge or boarder of the slide and where circles are located on the slide in a laboratory notebook to record their locations. 

8.4. Perform desired staining. 

NOTE: During this process, marked circles disappear since regular maker is not resistant to the chemicals. Even some histology permanent markers may be erased during staining process.

8.5. After the staining process, place the slide over the drawing in the laboratory notebook to find the locations of cells on the slide. 

REPRESENTATIVE RESULTS: 
3D organoids were successfully established from a patient derived xenograft (PDX) model of bone metastatic prostate cancer (BMPC) as well as directly from patient bone metastatic prostate cancer tissue (Figure 4). Briefly, our PDX models of BMPC were established by intra-femoral (IF) injection of tumor cells into male Rag2-/- c-/- mice and then PDX tumors were harvested and processed as described in this manuscript. As shown in Figure 4, PDX tumor tissues from the PCSD series resulted in 3D organoids with differential phenotypes that manifested as cysts, spheroids and higher complexity organoids that formed using this protocol. 

A stitched image from 25 high resolution 10x magnification images showed an entire dome of basement membrane and organoids (Figure 5). Using image analysis software, one has the option to sort out the cells or cell clusters that are larger than a certain size or to manually select spheroids or cysts. 

The steps for agarose embedding of the organoid cultures and tips to label the location of sectioned organoids on the slide increase the success of performing IFC on the organoids especially when the samples of organoids have a lower cell density than desired. Figure 6 shows an example of IFC on a 5 m thick paraffin section of organoids targeting cytokeratin 5 (CK5, basal epithelial cell marker), cytokeratin 8 (CK8, luminal epithelial cell marker) and DAPI. 

FIGURE AND TABLE LEGENDS: 
Figure 1. Establishment and characterization for 3D cultured organoids derived either from patient tumor tissues or patient derived xenograft (PDX) tumor tissues. 

Figure 2. Methodologies to form a mixture of cell pellets and basement membrane. An attached dome (a), a floating dome (b) and floating beads (c).

Figure 3. A key step for successful agarose embedding. A process to detach the cell pellet from the wall of the 1.5 mL tube. 

Figure 4. Differential phenotypes of organoids from a series of PCSD PDX tumors, which includes single cells, cysts, spheroids and higher complexity organoids. 

Figure 5. Example of a raw stitched image from total of 25 high resolution images and its application for a follow up analysis to count the number of cells or measure the area of cells/cell clusters. 

Figure 6. Image showing CK5 and CK8 IFC stained PCSD1 organoids (5 m thickness of paraffin section).  

Table 1. adDMEM/F12 +/+/+ Preparation. This table has been previously published by Drost et al.5. 

Table 2. Components for C/S Human Media + 10 % FBS. This table has been previously published by Drost et al.5.


Table 3. Seeding density, basement membrane volume, and medium volume needed for one dome. This table is modified from a previous publication by Drost et al.5. 

DISCUSSION:
3D organoids derived from patient bone metastasis prostate cancer cells are still relatively rare. Here, we describe strategies and further optimized protocol to successfully established serial 3D patient derived organoids (PDOs) of BMPC. In addition, protocols are described to secure the organoids in samples with lower cell density for IFC and IHC analysis. Differential phenotypes in the form of cyst, spheroids and more complex organoids indicate that this protocol provides culture conditions that allows for heterogonous tumor cell populations in patients to retain their cellular phenotype and structure. Thus, the culture conditions described here, which were adapted from Drost et al.5 modified with FBS serum supplementation, has been shown to be optimal for the cultures of patient BMPC-derived cells such that they retain their intra-subject and inter-subject heterogeneity (manuscript in preparation).

Our optimized protocol is practical for an experimental set up with multiple endpoints from limited starting material from primary or PDX tumor tissues to set up 3D organoids cultures. In general, establishment of 3D organoids from patient primary tumor tissues is less successful than establishment of 3D organoids from PDX tumor tissues. Therefore, it is recommended to have a higher seeding density (up to four times higher) of cells for the establishment of 3D organoids from patient primary tumor tissues than from PDX tumors). One method to increase cell yield during tumor tissue processing is to recover any tumor tissue leftover on the top of 70 m cell strainer by passing the filtered cell suspension through the strainer again. 
  
Three different methods to form a 3D organoid culture (Figure 2) can be used and easily adapted depending on the follow up endpoint analysis. For example, if one desired to have the stitched images after establishing 3D organoids, an attached dome is highly recommended since the image stitching process requires a serial movement of microscopic objective to acquire the desired number of images (either 9 or 25). This process results in a subtle vibration to the holder of cell culture plate. Both types of the floating dome will freely move due to the vibration while acquiring the image. In addition, both types of floating domes can be easily transferred from one well to the another, making them suitable for co-culture with adherent cells after setting up 3D organoid cultures and the adherent cells in the separate wells. The attached dome and floating dome released from being attached have been shown to retain organoids for up to 10 weeks. Interestingly, a floating dome from the floating beads method has been shown to retain organoids for up to 4 months. The floating beads method to produce basement membrane spheres introduced in our protocol involves more steps and skills but can be considered for a long-term culture. In parallel, despite their use for establishment of 3D organoids from different tumors and metastasis, the role of the doming method and the basement membrane shape on organoids formation have not been deeply determined. In that sense, the paraffin film method can be considered for use when the other two methods have been unsuccessful. 

For all three different methods, this protocol recommends using a lower volume of media and a higher volume of basement membrane for the resuspension process because the domes will last longer in culture. A dome is formed with a 1:4 ratio of media and basement membrane. Of note, this method increases the formation of bubbles while pipetting the cell suspension up and down since the added volume of media does not circumvent the viscosity of the basement membrane. Therefore, it is recommended to set up 1.5 mL tubes such that there is one cell pellet per each dome instead of having one cell pellet for several domes in one 1.5 mL tube. In doing so, the formation of bubbles in one tube for one dome will not serially affect other domes. If the duration of the culture condition has been previously optimized and is known to be short (up to a month), the basement membrane can be diluted more to circumvent the viscosity issue of the basement membrane. A cell pellet resuspension for several wells can be prepared in one tube, utilizing a higher volume of media to the desired volume of basement membrane to minimize cell loss and variability. 

To minimize bubble formation during the pipetting process, pipette a lower volume than the actual volume of the cells, media and basement membrane mixture. For example, for a dome within 24 well plates, 40 µL of basement membrane and up to 10 µL of adDMEM complete media are mixed with the cell pellet. In this case, the pipette can be set to handle a volume of 40 µL instead of 50 µL while pipetting up and down in order to minimize bubble formation. For this second method, the cell pellet resuspension for several wells can be prepared in one tube to minimize cell loss and variability. The liquid status of commercially available basement membrane is often variable. Therefore, new batches of basement membrane need to be tested for the doming process. If the basement membrane is more viscous than usual, then up to additional 10 µL of adDMEM complete media (details written in step 1) can be added to dilute the mixture of cell pellet and basement membrane. 

Here, we present a protocol to establish, image and process cultured 3D organoid with detailed tips for successful completion of the desired procedures. Culture media for 3D organoids introduced in our manuscript is specifically for prostate-derived cells. However, other details described in our protocol are applicable to different types of tumor tissues and metastatic sites. 
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