[image: ]DRAFT: DO NOT USE FOR FILMING

Submission ID #: 68417
Scriptwriter Name: Poornima G
Project Page Link: https://review.jove.com/account/file-uploader?src=20867233 

Title: Bioprinting of Hydrogel Tumor Slices as a 3D Model for Mantle Cell Lymphoma

Authors and Affiliations: 
[bookmark: _Hlk193310085]Julia Thiel1, Jan A. Schlegel1, Sam Steinfeldt1, Kathrin Baader Böpple1, Chen Xing1,2, Annette M. Staiger1,3, Heike Horn 1,3, Katrin S. Kurz3, German Ott3, Walter E. Aulitzky4, Matthias Schwab1,5–8, Thomas E. Mürdter1, Meng Dong1

1Dr. Margarete Fischer-Bosch Institute of Clinical Pharmacology and University of Tuebingen
2Department of Physiology and Pharmacology, Karolinska Institute
3Department of Clinical Pathology, Robert Bosch Hospital
4Robert Bosch Hospital
5Departments of Clinical Pharmacology, Pharmacy and Biochemistry, University of Tuebingen
6iFIT Cluster of Excellence (EXC 2180), Image-guided and Functionally Instructed Tumor Therapies, University of Tuebingen
7German Cancer Consortium (DKTK) and German Cancer Research Center (DKFZ), Partner Site Tuebingen
8National Center for Tumor Diseases (NCT), NCT South-West, a partnership between DKFZ, University Hospital Tuebingen, University of Tuebingen, Bosch Health Campus, Stuttgart, Robert Bosch Hospital, University Hospital Ulm, and Ulm University


☐   All author names and affiliations are correct (city/state/country information not included in video title page). 


Corresponding Authors: 
[bookmark: _Hlk25233958]Meng Dong				meng.dong@ikp-stuttgart.de


Email Addresses for All Authors: 
Julia Thiel				julia.thiel@ikp-stuttgart.de
Jan A. Schlegel				Jan.Schlegel@ikp-stuttgart.de
Sam Steinfeldt				sam_steinfeldt@gmx.de
Kathrin Baader Böpple		Kathrin.Boepple@bosch-health-campus.com
Chen Xing				Chen.Xing@ikp-stuttgart.de
Annette M. Staiger			Annette.Staiger@rbk.de
Heike Horn				Heike.Horn@rbk.de
Katrin S. Kurz				Katrin.Kurz@rbk.de
German Ott				German.Ott@rbk.de
Walter E. Aulitzky			Walter-Erich.Aulitzky@rbk.de
Matthias Schwab			Matthias.Schwab@ikp-stuttgart.de
Thomas E. Mürdter			Thomas.Muerdter@ikp-stuttgart.de
Meng Dong				meng.dong@ikp-stuttgart.de




Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Enter Yes or No.  
If Yes, can you record movies/images using your own microscope camera?
Enter Yes or No.  
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
Enter make and model of microscope.
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
Click here to list microscope shots, using the shot numbers from the protocol section of the video script.

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  Enter Yes or No.
If Yes, we will need you to record using screen recording software.
We recommend using the screen capture program OBS. JoVE’s tutorial for using OBS Studio is provided at this link: https://review.jove.com/v/5848/screen-capture-instructions-for-authors?status=a7854k
Please upload all screen-captured video files to your project page as soon as possible.

3. Filming location: Will the filming need to take place in multiple locations?   Enter Yes or No.
If Yes, how far apart are the locations? Click to enter distance between locations.

To ensure that your script can be filmed in one day, the protocol sections are cumulatively restricted to 55 shots (shots are the 3-digit numbers like 2.1.1, 2.1.2…etc)

Current Protocol Length
Number of Steps:  15
Number of Shots:  38 (4 SC)

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 

Answers to these questions will become interview statements that you will deliver on camera.
· Answer the 1st REQUIRED question and at least 2 other questions (1.2 – 1.10) below. Up to 5 interview statements will be included in the video.
· Enter the full name of the author who will deliver the statement.
· If possible, each author should deliver no more than two statements.
· Answer in full sentences, in a style suitable for being spoken aloud. 
· Limit the length of each statement to 30 words or fewer.
· Answers will be edited for length, clarity, and consistency with journal style guidelines.

REQUIRED: What is the scope of your research? What questions are you trying to answer? 
1.1. Enter author name.: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What are the most recent developments in your field of research?
1.2. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What technologies are currently used to advance research in your field?
1.3. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What are the current experimental challenges?
1.4. Enter author name: Click here to answer question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What significant findings have you established in your field?
1.5. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What research gap are you addressing with your protocol?
1.6. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.

What advantage does your protocol offer compared to other techniques?
1.7. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
How will your findings advance research in your field?
1.8. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What new scientific questions have your results paved the way for?
1.9. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.
What research questions will your laboratory focus on in the future?
1.10. Enter author name: Click here if you choose this question. Please write in a style that you will be comfortable memorizing and speaking aloud. Limit length to 30 or fewer words.


Videographer: Obtain headshots for all authors available at the filming location.

Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.

How do you think publishing with JoVE will enhance the visibility and impact of your research?
1.11. Enter author name, Enter author title: (authors will present their testimonial statements live)
Can you share a specific success story or benefit you’ve experienced—or expect to experience—after using or publishing with JoVE? (This could include increased collaborations, citations, funding opportunities, streamlined lab procedures, reduced training time, cost savings in the lab, or improved lab productivity.)
1.12. Enter author name, Enter author title: (authors will present their testimonial statements live)


Ethics Title Card
This research has been approved by the Ethics Committee at the Medical Faculty, Eberhard-Karls-University and University Hospital Tuebingen


Protocol  
[bookmark: _Hlk188263998]Please review this section to make sure that it accurately describes your protocol. Use Track Changes when making edits or revisions.
· The two-digit steps (e.g., 2.1., 2.2.) with purple font are the narration.  JoVE is responsible for the narration of the protocol and results.
· Red italics are pronunciation guides indicating how the word will be spoken. 
· Filming should take no more than 10 minutes per step. If a step takes more than 10 minutes, prepare the product for that step in advance.
· The three-digit shots (e.g., 2.1.1., 2.2.2.) are the actions that the videographer will capture. 

2. Preparation of Cell-Laden Bioink
Demonstrator: Click here to enter name of demonstrator(s) 


2.1. To begin, gather materials to prepare the bioink adapted for the cells of interest [1]. For Mantle cell lymphoma or MCL Jeko-1 cells mix alginate and collagen in a suitable buffer to obtain 1 milliliter of bioink [2 and 3].
2.1.1. WIDE: Talent gathering all components needed to prepare the bioink.
2.1.2. Talent pipetting and combining each component into a microcentrifuge tube.
2.1.3. TEXT ON PLAIN BACKGROUND:
Bioink composition: 
0.5% (w/v) Alginate
20% (v/v) Type-I collagen: 200 µL
1x RPMI and 2 mM HEPES in PBS

2.2. Transfer the MCL cell suspension from the culture flask into a 50 milliliter conical tube [1].
2.2.1. Talent pouring cell suspension from a flask into a 50 milliliter conical tube.

2.3. Mix the cells with 0.4 percent trypan blue solution in a 1 to 1 ratio [1]. Using a cell counter or Neubauer chamber, count the viable unstained cells [2] and calculate the volume of cell suspension corresponding to 14 million cells for 1 milliliter of bioink [3].
2.3.1. Talent mixing equal volumes of trypan blue and cell suspension in a microcentrifuge tube.
2.3.2. Talent placing the stained cell suspension on a counting chamber or inserting it into a cell counter.
2.3.3. Talent writing down in a notebook.

2.4. Transfer the calculated volume into a fresh 50 milliliter conical tube [1] and centrifuge the tube at 340 g for 5 minutes [2]. After centrifugation, remove the supernatant [3] and resuspend the cell pellet in the prepared bioink to generate the final cell-laden bioink [4].
2.4.1. Talent transferring the calculated volume of cell suspension to a new 50 milliliter tube.
2.4.2. Talent placing the tube in a centrifuge and closing the lid.
2.4.3. Talent removing supernatant from the tube.
2.4.4. Talent gently resuspending the cell pellet in the bioink by pipetting up and down.



3. In-Bath Bioprinting Using Gelatin Support
Demonstrator: Click here to enter name of demonstrator(s) 
3.1. Switch on the bioprinter and connect it to the 3D-printer software [1]. Open the .stl (S-T-L) file containing the hydrogel tumor slice blueprint using the software [2]. Ensure each hydrogel slice has a diameter of 8 millimeters and a height of 1.5 millimeters [3]. Then, set the fill density to 85 percent and home the printer head [4].
3.1.1. Talent pressing the power button on the bioprinter.
3.1.2. SCREEN: Show the File > Open menu in the 3D-printer software and load the .stl file for tumor slices.
3.1.3. SCREEN: Highlight or annotate the design dimensions showing 8 millimeters in diameter and 1.5 millimeters in height.
3.1.4. SCREEN: Click on Fill Density and input 85%, then click on Home to reset the printer head.

3.2. Now, transfer the gelatin slurry into a 35 millimeter Petri dish until it is half full [1]. Use disposable precision wipes to remove excess water and eliminate any air gaps in the gelatin [2], forming a stable support bath [3].
3.2.1. Talent filling the Petri dish halfway with gelatin slurry.
3.2.2. Talent dabbing the slurry with disposable precision wipes to remove water.
3.2.3. Shot of the stable bath.

3.3. Load the cell-laden bioink into a 2.5 milliliter glass syringe and attach a 0.8 millimeter blunt nozzle [1]. Invert the syringe and slowly eject air bubbles [2] and then insert the prepared syringe into the bioprinter [3]. Using the 3D-printer software, extrude a small amount of bioink to check the flow [4]. Wipe off the extruded drop with a disposable science precision wipe to avoid nozzle clogging [5].
3.3.1. Talent filling a 2.5 milliliter glass syringe with cell-laden bioink and connecting the blunt nozzle.
3.3.2. Talent inverting the syringe and gently pushing out visible air bubbles.
3.3.3. Talent inserting the syringe into the bioprinter's syringe holder.
3.3.4. Shot of the drop being extruded.
3.3.5. Talent using a wipe to clean the nozzle tip after extrusion.

3.4. Next, place the gelatin support bath beneath the syringe nozzle [1] and lower the printer head until the nozzle is 2 millimeters above the bottom of the gelatin support bath [2].
3.4.1. Talent positioning the Petri dish under the syringe nozzle on the printer platform.
3.4.2. Shot of the printer head being lowered.

3.5. Start the printing process using the 3D-printer software [1].
3.5.1. SCREEN: Click on the Start Print button in the software.





4. Bath Processing and Hydrogel Tumor Slice Culture 
Demonstrator: Click here to enter name of demonstrator(s) 
4.1. Once printing is complete, remove any excess gelatin slurry from the nozzle using a disposable wipe to prevent clogging [1]. Take out the Petri dish containing the gelatin support bath with the printed hydrogel tumor slices [2] and cover it with a sterile lid [3].
4.1.1. Talent wiping the nozzle with a precision wipe to remove residual gelatin.
4.1.2. Talent removing the Petri dish from the bioprinter.
4.1.3. Talent placing a lid over the dish.

4.2. Place the covered support bath in an incubator set to 37 degrees Celsius to allow the gelatin to melt and release the printed hydrogel tumor slices [1].
4.2.1. Talent placing the covered Petri dish into an incubator.

4.3. Then, warm the wash buffer and cell culture medium to 37 degrees Celsius [1]. While the gelatin is melting, prepare a 6-well plate by filling two wells with 10 millimolar HEPES and 14.4 millimolar calcium chloride wash buffer [2], and two wells with pre-warmed cell culture medium [3].
4.3.1. Talent placing wash buffer and medium tubes in a 37 degrees Celsius water bath.
4.3.2. Talent pipetting wash buffer into two wells of a 6-well plate.
4.3.3. Talent filling the remaining two wells with pre-warmed cell culture medium.

4.4. Once the gelatin has melted, use a sterile spatula to carefully transfer the hydrogel tumor slices into the two wash buffer wells [1-TXT]. Then, transfer them into the two medium-containing wells and wash for 1 minute in each [2]. 
4.4.1. Talent lifting hydrogel tumor slices with a sterile spatula and placing them into the wash buffer wells. TXT:  Wash for 1 minute in each well
4.4.2. Talent transferring the slices into the medium-containing wells.

4.5. To culture the hydrogel tumor slices, place them onto a 0.4-micrometer pore-size filter support positioned inside a 6-well plate [1]. Add 1.5 milliliters of cell culture medium below the filter support [2], followed by a small drop of medium directly on top of each hydrogel tumor slice to prevent drying [3]. For drug treatment, add the desired amount of drug to the culture medium [4].
4.5.1. Talent placing up to five tumor slices on a filter support inside a well.
4.5.2. Talent pipetting medium below the filter support into the well.
4.5.3. Close-up of a pipette adding a drop of medium on top of each hydrogel slice.
4.5.4. Talent adding a measured dose of drug to the medium using a micropipette.

4.6. Final, place the 6-well plate into a cell culture incubator set to 37 degrees Celsius and 5 percent carbon dioxide for the desired cultivation period [1-TXT].
4.6.1. Talent opening the incubator and placing the 6-well plate inside. TXT: Perform four-color live 3D fluorescence imaging



4.6.2. 

Results
Please review this section to make sure that it accurately reflects your findings.
· This section will not be recorded by the videographer. It only includes the figures/tables from your manuscript (called LAB MEDIA). 
· Use Track Changes when making edits or revisions. Ensure the voiceover length is below 200 words. Current word count: 200.
· Please note that the video cannot include voiceover without an accompanying visual.

5. Results 

5.1. The hydrogel tumor slices retained their structure over 3 days of culture [1], with air bubbles present after printing [2] that disappeared during cultivation [3].
5.1.1. LAB MEDIA: Figure 2A
5.1.2. LAB MEDIA: Figure 2A. Video editor: Show the slice on d0.
5.1.3. LAB MEDIA: Figure 2A. Video editor: Show the image d3.

5.2. The viability of Jeko-1 cells cultured in hydrogel slices for 3 days was 80% [1], which was not significantly different from cells cultured in 2D suspension at 88% [2].
5.2.1. LAB MEDIA: Figure 2B. Video editor: Highlight the 3D bar .
5.2.2. LAB MEDIA: Figure 2B. Video editor: Highlight the 2D bar.

5.3. Immediately after printing, Jeko-1 cells were evenly distributed in the hydrogel slice and were predominantly TMRM-positive, indicating viability [1]. Only a few cells were positive for Caspase-3 and PicoGreen, markers of apoptosis and death respectively [2].
5.3.1. LAB MEDIA: Figure 2D. Video editor: Zoom in on the red-stained “TMRM” cells on d0 panel.
5.3.2. LAB MEDIA: Figure 2D. Video editor: Highlight the few yellow “Caspase-3” and “pico-green” dots in the d0 panel.

5.4. After 3 days of culture, Jeko-1 cells formed clusters and remained mostly TMRM-positive [1].
5.4.1. LAB MEDIA: Figure 2D. Video editor: Highlight clustered red-stained cells  for TMRM .


5.5. The hydrogel tumor slices maintained their structural integrity after 3 days of Doxorubicin treatment [1].
5.5.1. LAB MEDIA: Figure 3A. 

5.6. Jeko-1 cells cultured in hydrogel slices showed a dose-dependent decrease in viability in response to Doxorubicin treatment [1].
5.6.1. LAB MEDIA: Figure 3B. Video editor: Highlight the red 3D line.

5.7. The half-maximal inhibitory concentration of Doxorubicin was higher for Jeko-1 cells in hydrogel slices at around 5.8 micromolar [1] compared to suspension culture at 2 micromolar, indicating reduced sensitivity in 3D culture [2].
5.7.1. LAB MEDIA: Figure 3B. Video editor: Highlight the point on the red 3D curve where it intersects the IC50 horizontal line.
5.7.2. LAB MEDIA: Figure 3B. Video editor: Highlight the black 2D curve where it intersects the IC50 horizontal line.

5.8. Live fluorescence imaging of hydrogel slices treated with Doxorubicin showed reduced TMRM signal, indicating loss of mitochondrial membrane potential [1], and increased PicoGreen signal, indicating enhanced cell death [2].
5.8.1. LAB MEDIA: Figure 3C. Video editor: Zoom in on the TMRM cells in DOXO panel.
5.8.2. LAB MEDIA: Figure 3C. Video editor: Highlight the PicoGreen image in cells in DOXO panel.

5.9. After 4 days of culture, primary MCL cells in hydrogel slices maintained a viability of 43.6% [1] which was significantly higher than the 19.6% observed in suspension culture [2]. Fluorescence imaging indicated that cells in hydrogel were majorly TMRM-positive [3].
5.9.1. LAB MEDIA: Figure 4A. Video editor: Highlight the 3D bar at d4 .
5.9.2. LAB MEDIA: Figure 4A. Video editor: Highlight the lower 2D bar at d4.
5.9.3. LAB MEDIA: Figure 4B. Video editor: Zoom in on the red-stained TMRM-positive cells.
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