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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?  NO  
2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  NO

3. Filming location: Will the filming need to take place in multiple locations?   NO

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. NO  


Current Protocol Length
Number of Steps: 19
Number of Shots: 45 

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


INTRODUCTION:

What is the scope of your research? What questions are you trying to answer? 
1.1. Antonio Rosato: We describe a G-Rex protocol for the efficient and scalable expansion of adoptive cell therapy products, including CAR-T and CIK cells.
1.1.1. [bookmark: _Hlk194676695]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2.1

What are the current experimental challenges?
1.2. Antonio Rosato: The core challenge lies in setting up a protocol to support high-density cultures, all while ensuring minimal user intervention and robust clinical scalability.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.5.1


CONCLUSION:

What research gap are you addressing with your protocol?
1.3. Antonio Rosato: Our G-Rex protocol overcomes complex scaling hurdles, enabling the seamless and proportional transition of cell-product manufacturing from preclinical to clinical.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.2.1


What advantage does your protocol offer compared to other techniques?
1.4. Antonio Rosato: Our protocol is highly reproducible and less labor-intensive than standard preclinical cell culture systems, leading to consistent high yields across donors.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 4.1.2

How will your findings advance research in your field?
1.5. Antonio Rosato: We advanced adoptive cell therapy to clinical application by standardizing the protocol and enabling easier translational use for patients.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.3.1

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


Protocol  
2. CAR-T Cell Expansion from PBMCs in G-24 Culture Vessels 
Demonstrator: Giulia D’Accardio

2.1. To begin, resuspend 2 × 10⁶ freshly isolated peripheral blood mononuclear cells in 2 milliliters of complete culture medium supplemented with 5 percent FBS, referred to as cCM-F (C-C-M-F) [1]. Transfer the suspension into the wells of a 24-well G-Rex culture vessel [2]. 
2.1.1. WIDE: Talent pipetting freshly isolated peripheral blood mononuclear cells into a 15 milliliter tube containing cCM-F and gently resuspending them.
2.1.2. Talent transferring the 2 milliliter suspension into a single well of the G-Rex culture vessel using a pipette.

2.2. Add 4 microliters of anti-CD3 antibody and 20 microliters of anti-CD28 antibody directly into each well to activate the T cells [1] and incubate at 37 degrees Celsius with 5 percent carbon dioxide [2].
2.2.1. Talent adding anti-CD3 and anti-CD28 antibodies directly into the wells of the G-Rex culture vessel.
2.2.2. Talent placing the G-Rex culture vessel inside the incubator set at 37 degrees Celsius with 5 percent carbon dioxide.


2.3. After overnight stimulation, harvest and count the activated T cells using the Trypan Blue exclusion assay to assess viability [1]. Calculate 1 × 10⁶ viable activated cells to seed for each well of the G-Rex culture vessel [2]. Transfer the cells into a tube and centrifuge at 300 g for 5 minutes [3].
2.3.1. Talent pipetting the activated T cells into a centrifuge tube.
2.3.2. Talent writing something in a notebook.
2.3.3. Talent transferring the calculated number of cells into tubes and placing them in the centrifuge.

2.4. Now, prepare the transduction medium for each well by combining the required lentiviral vector volume [1] with 5 microliters of an 8 milligram per milliliter stock solution of protamine sulfate. Use complete medium with 5 percent fetal bovine serum and without penicillin or streptomycin to bring the total volume to 0.8 milliliters per well [2-TXT].
2.4.1. Talent pipetting the lentiviral vector into a sterile tube. 
2.4.2. Talent adding the protamine sulfate solution and then topping up with complete medium to reach the final volume of 0.8 milliliters. TXT: Final concentration of protamine sulfate: 50 µg/mL

2.5. Then, resuspend the pelleted cells in 0.8 milliliter of the prepared transduction medium [1] and transfer the suspension into a new well of the G-Rex culture vessel [2]. Incubate the cells overnight at 37 degrees Celsius with 5 percent carbon dioxide [2].
2.5.1. Talent gently resuspending the cell pellet in the prepared transduction medium.
2.5.2. Talent transferring the cell suspension to a new G-Rex well.
2.5.3. Talent placing the vessel into the incubator.


2.6. On Day 2, increase the culture volume to a total of 8 milliliters per well by adding 7.2 milliliters of fresh cCM-F supplemented with human Interleukin-7 and Interleukin-15 [1-TXT].
2.6.1. Talent adding the cytokine-supplemented cCM-F to each well of the G-Rex vessel to reach the total 8 milliliters volume. TXT: Final interleukin concentration: 10 ng/mL each

2.7. Next, on Day 5, refresh the culture medium by removing 6 milliliters of conditioned medium from each well without disturbing the cells at the bottom [1]. Replace it with 6 milliliters of fresh cCM-F containing human Interleukin-7 and Interleukin-15 [2]. 
2.7.1. Talent aspirating 6 milliliters of conditioned medium from the G-Rex well carefully without disturbing the settled cells.
2.7.2. Talent pipetting fresh cytokine-supplemented cCM-F into each well to restore the total volume to 8 milliliters.

2.8. On Day 9, gently remove and discard 5 milliliters of conditioned medium from each well [1]. Using a 1000 microliter pipette, resuspend the CAR-T (car-T) cells in the remaining 3 milliliters of medium [2-TXT] and transfer them to a 15 milliliter tube [3]. Count the CAR-T cells and check their viability using the Trypan Blue exclusion assay [4].
2.8.1. Talent removing 5 milliliters of conditioned medium from each well.
2.8.2. Talent using a 1000 microliter pipette to gently resuspend the CAR-T cells in the remaining medium. TXT: CAR: Chimeric Antigen Receptor
2.8.3. Talent transferring the resuspended CAR-T cells into a 15 milliliter tube.
2.8.4. Talent placing the sample under a microscope.



3. CIK (Cytokine-Induced Killer) Expansion in G-24 Culture Vessels
Demonstrator: Hieu Trong Ngo 

3.1. Seed 1 × 10⁶ freshly isolated peripheral blood mononuclear cells for each well of the G-24 culture vessel in 8 milliliters of complete culture medium supplemented with recombinant human Interferon-gamma [1-TXT]. Incubate the culture vessel at 37 degrees Celsius with 5 percent carbon dioxide [2].
3.1.1. Talent cell suspension into each well of the G-24 culture vessel. TXT: rhIFN-γ final concentration: 1000 IU/mL
3.1.2. Talent placing the vessel into the incubator set at 37 degrees Celsius with 5 percent carbon dioxide.

3.2. On Day 1, after 22 to 24 hours, add 4 microliters of anti-CD3 antibody to reach a final concentration of 50 nanograms per milliliter directly into each well [1] and 4 microliters of recombinant human Interleukin-2 to reach a final concentration of 500 International Units per milliliter [2]. Incubate the cells again at 37 degrees Celsius with 5 percent carbon dioxide [3].
3.2.1. Talent adding anti-CD3 antibody directly into the wells of the G-24 culture vessel using a pipette.
3.2.2. Talent pipetting recombinant human Interleukin-2 into the same wells.
3.2.3. Talent returning the G-24 culture vessel to the incubator.

3.3. Then, on days 5, and 12, remove 6 milliliters of conditioned medium from each well without disturbing the settled cells [1]. Replace it with 6 milliliters of fresh complete culture medium supplemented with recombinant human Interleukin-2 [2].
3.3.1. Talent carefully aspirating 6 milliliters of conditioned medium from each well of the G-24 vessel.
3.3.2. Talent adding fresh complete culture medium containing recombinant human Interleukin-2 to each well to restore the total volume. 

3.4. On Day 14, gently remove and discard 5 milliliters of conditioned medium from each well [1]. Resuspend the cytokine-induced killer cells in the remaining 3 milliliters of medium [2] and transfer them into a 15 milliliter tube [3]. Assess the total cell number and viability using the Trypan Blue exclusion assay [4].
3.4.1. Talent aspirating 5 milliliters of conditioned medium from the wells of the G-24 culture vessel.
3.4.2. Talent resuspending the cytokine-induced killer cells gently in the remaining medium using a pipette.
3.4.3. Talent transferring the resuspended cells into a labeled 15 milliliter tube.
3.4.4. Talent adding trypan blue to the cells taken in a small tube.



4. Large-Scale CAR-T and CIK Cells’ Manufacturing
Demonstrator: Elisa Cappuzzello 

4.1. Perform activation of peripheral blood mononuclear cells on Day 0 and lentiviral transduction on Day 1 as demonstrated earlier [1-TXT]. Maintain all concentrations and seeding densities but scale up all volumes to match the G-6M device format [2].
4.1.1. Talent adding cells into a large vessel. TXT: Scale up all volumes and reagent quantities by a five-fold factor
4.1.2. Talent placing the large vessels in the incubator.

4.2. On Day 2, bring the total culture volume in each well to 100 milliliters using cCM-F medium [1]. Calculate and add human Interleukin-7 and human Interleukin-15 to reach final concentrations of 10 nanograms per milliliter each [2-TXT].
4.2.1. Talent adding cCM-F medium into each G-6M well to reach the 100 milliliter mark.
4.2.2. Talent pipetting the appropriate amounts of Interleukin-7 and Interleukin-15 into the culture. TXT: Final interleukin concentration: 10 ng/mL each

4.3. On Day 9, remove approximately 90 milliliters of medium from each well using a serological pipette [1]. Resuspend the CAR-T cells in the remaining 10 milliliters of medium [2] and transfer the cell suspension to a 15 milliliter tube for subsequent assays [3].
4.3.1. Talent removing 90 milliliters of spent medium from the G-6M well using a serological pipette.
4.3.2. Talent gently resuspending CAR-T cells in the remaining medium.
4.3.3. Talent transferring the concentrated CAR-T cell suspension into a labeled 15 milliliter tube for downstream analysis.


4.4. For cytokine-induced killer or CIK cell expansion, perform seeding of peripheral blood mononuclear cells on Day 0 following the cytokine-induced killer cell expansion protocol described previously [1-TXT]. 
4.4.1. Talent pipetting scaled-up peripheral blood mononuclear cells into the larger G-6M wells. TXT: Scale up all volumes and reagent quantities by a five-fold factor 

4.5. On Day 1, bring the total culture volume to 100 milliliters using complete culture medium [1] and add recombinant human Interleukin-2 and anti-CD3 antibody [2-TXT].
4.5.1. Talent adding complete culture medium to each G-6M well to reach the total 100 milliliter volume.
4.5.2. Talent pipetting recombinant human Interleukin-2 and anti-CD3 antibody directly into each well. TXT: rhIL-2: 500 IU/Ml; anti-CD3: 50 ng/mL

4.6. Every 3 to 4 days, supplement each well with recombinant human Interleukin-2 at a final concentration of 500 International Units per milliliter without changing the medium [1-TXT].
4.6.1. Talent adding the appropriate amount of recombinant human Interleukin-2 into each G-6M well using a pipette. TXT: Days 5, 9, and 13

4.7. On Day 14, remove approximately 90 milliliters of medium from each well using a serological pipette [1]. Finally, resuspend the cytokine-induced killer cells in the remaining 10 milliliters of medium [2] and transfer the cells into a 15 milliliter tube for further assays [3].
4.7.1. Talent removing 90 milliliters of medium from each G-6M well using a serological pipette.
4.7.2. Talent resuspending cytokine-induced killer cells in the remaining 10 milliliters of medium.
4.7.3. Talent transferring the concentrated cytokine-induced killer cell suspension into a labeled 15 milliliter tube for subsequent analysis.


4.7.4. 

Results
5. Results 

5.1. Both CD19 CAR-T and CIK cells expanded in parallel from healthy donor peripheral blood mononuclear cells in G-24 and G-6M devices exhibited high fold expansion and viability, with comparable proliferation between the two device formats [1].
5.1.1. LAB MEDIA: Figure 2. Video editor: Highlight the orange bars in A and B and all blue bars in C and D.

5.2. For CD19 CAR-T cells, CAR expression and the CD4 and CD8 positive subsets were comparable in G-24 and G-6M devices [1]. For the bulk CIK cell population, the frequency of T, NK, and CIK populations, as well as the expression of the activating receptor NKG2D, were equal across scales [2]. 
5.2.1. LAB MEDIA: Figure 3A and B.
5.2.2. LAB MEDIA: Figure 3D and C 

5.3. The differentiation profile of CD19 CAR-T and CIK cells, including naïve, central memory, effector memory, and effector memory CD45RA-positive subpopulations, was similar between G-24 and G-6M expansion formats [1].
5.3.1. LAB MEDIA: Figure 3C and F. 

5.4. CD19 CAR-T cells expanded in both G-24 and G-6M devices displayed potent cytolytic activity against Burkitt’s lymphoma target cells, confirming functional preservation across scale [1].
5.4.1. LAB MEDIA: Figure 4A. Video editor: Highlight the orange bars labelled “CD19 CAR-T” .

5.5. CIK cells cultured in both G-24 and G-6M devices demonstrated strong cytotoxicity against MCF-7 breast cancer target cells, with overlapping lysis curves across 24 hours [1].
5.5.1. LAB MEDIA: Figure 4B. Video editor: Emphasize the two curves labelled “G-24” (light blue) and “G-6M” (dark blue) 
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