[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 59679
Scriptwriter Name: Bridget Colvin
Project Page Link: http://www.jove.com/files_upload.php?src=18202143

Title: A Human Peripheral Blood Mononuclear Cell (PBMC) Engrafted Humanized Xenograft Model for Translational Immuno-oncology (I-O) Research

Authors and Affiliations:  Zhuo Li*, Xiao Yang*, Yilu Zhang, Xiaolong Yang, Xinxin Cui, Yanjuan Zhang, Wenfeng Gong, Huichen Bai, Ning Liu, Zhiyu Tang, Mingming Guo, Kang Li, Tong Zhang, Lai Wang, and Xiaomin Song
*These authors contributed equally to the work

BeiGene (Beijing) Co., Ltd., Beijing

Corresponding Author:
Xiaomin Song
xiaomin.song@beigene.com 

Email addresses for Co-authors: 
zhuo.li@beigene.com
xiao.yang@beigene.com
yilu.zhang@beigene.com
xiaolong.yang@beigene.com
xinxin.cui@beigene.com
yanjuan.zhang@beigene.com
wenfeng.gong@beigene.com
huichen.bai@beigene.com
ning.liu@beigene.com
tristin.tang@beigene.com
amy.guo@beigene.com
kang.li@beigene.com
tong.zhang@beigene.com
lai.wang@beigene.com
xiaomin.song@beigene.com

 


Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.1., 2.2., 3.10., 4.2., 4.3., 4.6.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.1., 2.2.
5. Will the filming need to take place in multiple locations (greater than walking distance)? N




Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Zhuo Li: Our protocol could serve as a guideline for establishing mouse models reconstituted with human PBMC and tumors for immuno-oncology research [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Zhuo Li: These procedures provide a cost-effective and highly reproducible approach for partially reconstituting human immunity in human tumor-bearing mice through subcutaneous admixing of human PBMC with cancer xenografts [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator (Said by you on camera):

1.3. Xiao Yang: Demonstrating the procedure with me will be Xinxin Cui, Yanjuan Zhang, Huichen Bai and Xiaolong Yang, scientists from the Pharmacology Department [1][2].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.4. Procedures performed involving animal subjects or human cells were approved by the Internal Review Board at BeiGene and were in accordance with the ethical standards of the National Research Committee and the 1964 Helsinki declaration and its later amendments or comparable ethical standards. 

Section - Protocol
2. Cyclophosphamide Myeloablation and Human Peripheral Blood Mononuclear Cell (PBMC) Transplantation and Tumor Engraftment
2.1. For myeloid cell depletion, intraperitoneally deliver 100 milligrams/kilogram of cyclophosphamide [1] and orally deliver 125 milligrams/kilogram of disulfiram to 6-8-week-old NOD-SCID (nod-skid) female mice once a day for 2 days [2-TXT].
2.1.1. WIDE: Talent injecting CP, with CP container visible in frame Videographer: Important/difficult step
2.1.2. DS being in delivered, with DS container visible in frame Videographer: Important /difficult step TEXT: NOD/SCID: non-obese diabetic severe combined immunodeficiency
2.2. Twenty-twenty-four hours after the second dose of cyclophosphamide and disulfiram, resuspend 5 x 106 freshly-isolated human PBMC [1-TXT] and 2.5 x 106 human tumor cell line cells in 200 microliters of PBS + 50% Matrigel per animal [2] and inject the entire volume subcutaneously into the right flank of each experimental animal [3-TXT].
2.2.1. Talent adding cells to tube, with PBMC and tumor containers visible in frame Videographer: Important/difficult step TEXT: PMBC: peripheral blood mononuclear cells
2.2.2. Talent aspirating cells into syringe Videographer: Important/difficult step
2.2.3. Flank being injected Videographer: Important/difficult step TEXT: PDX engraftment: inject PBMC + tumor cells
2.3. [bookmark: _Hlk7640589]Measure and record the primary tumor volume two times a week for 4-6 weeks [1].
2.3.1. Tumor being measured with calipers
2.4. When the tumors reach an average volume of 200-500 millimeters-cubed, use ophthalmic scissors to harvest whole tumor from each animal [1-TXT]. 
2.4.1. Tumor being harvested TEXT: Euthanasia: CO2 asphyxiation
2.5. PBMC donors, tumor cell lines, and patient-derived xenografts that result in a moderate tumor growth with a relatively high PD-1 (P-D-one), PD-L1 (P-D-L-one), and CD8 (C-D-eight) expression should be used for subsequent analysis [1].
2.5.1. LAB MEDIA: Figure 3
3. Immunohistochemistry (IHC)
3.1. For immunohistochemical analysis of the harvested tumor tissues, fix the samples in formalin 24 to 72 hours before dehydration and embedding of the tissues in paraffin [2].
3.1.1. WIDE: Talent adding tumor to formalin, with formalin container visible in frame
3.1.2. Talent adding tissue to paraffin
3.2. [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Obtain 3-micrometer sections of the embedded tissues on poly-lysine-coated slides [1] and deparaffinize the samples with three, 7-minute xylene immersions [2].
3.2.1. Shot of sections on slide(s)
3.2.2. Talent placing slide(s) into xylene, with xylene container visible in frame
3.3. After the third treatment, hydrate the sections with three-minute, graded alcohol immersions [1-TXT].
3.3.1. Talent placing slide into ethanol, with multiple ethanol concentrations visible in frame TEXT: 100% EtOH x 2 -> 90% EtOH -> 80% EtOH -> 70% EtOH
3.4. Then rinse the slides in deionized H2O three times [1] and remove any excess liquid from the slides [2].
3.4.1. Talent rinsing slide(s) Author comment: (Shots 3.4.1 and 3.4.2 are combined in one shot)
3.4.2. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Excess liquid being removed
3.5. To perform antigen retrieval, place the slides in a container [1] and cover the slides with 10-millimolar sodium citrate buffer [2-TXT].
3.5.1. Talent placing slide(s) into container
3.5.2. Sodium citrate being added to container, with sodium citrate container visible in frame TEXT: Alternative: cover w/ Tris-EDTA
3.6. Heat the slides container in a microwave for 3 minutes [1] before placing the slides in a 95-degree Celsius water bath for 30 minutes [2].
3.6.1. Shot of slides in microwave
3.6.2. Talent placing slide(s) into water bath
3.7. After cooling to room temperature, rinse the slides three times in deionized water [1] and aspirate any excess liquid from the slides [2].
3.7.1. Slide(s) being rinsed
3.7.2. Liquid being aspirated
3.8. Incubate with 0.3% hydrogen peroxide for 10 minutes to block endogenous peroxidase activity [1] followed by blocking with 3% BSA in PBS for 1 hour [2-TXT].
3.8.1. H2O2 being added to slide(s), with H2O2 container visible in frame
3.8.2. BSA being added to slide(s), with BSA container visible in frame TEXT: BSA: bovine serum albumin 
3.9. At the end of the hydrogen peroxide incubation, label the slides with the appropriate primary antibodies at 4 degrees Celsius overnight [1-TXT].
3.9.1. Antibod(ies) being added to slide(s), with antibody containers visible in frame TEXT: See text for Ab suggestion details
3.10. The next morning, treat the slides with horseradish peroxidase-conjugated secondary antibody for 1 hour at room temperature [1] before applying the substrate dropwise onto the slides until an appropriate level of brown staining is observed by light microscopy [2].
3.10.1. Talent adding HRP to slide(s), with HRP container visible in frame Videographer: Important step
3.10.2. DAB being added to slide(s), with DAB container visible in frame Videographer: Important step
3.11. Next, stain the samples with hematoxylin [1]. 
3.11.1. Slide(s) being added to hematoxylin, with hematoxylin container visible in frame
3.12. After 1 minute, stop the reaction with distilled water [1] followed by a 5-second submersion in 0.5% hydrochloric acid alcohol [2] and 5 seconds in 0.5% ammonia water [3].
3.12.1. Slide(s) being added to distilled water, with distilled water container visible in frame
3.12.2. Slide(s) being added to hydrochloric acid alcohol, with hydrochloric acid alcohol container visible in frame
3.12.3. Slide(s) being added to ammonia water, with ammonia water container visible in frame
3.13. Then dehydrate the samples with three ascending 3-minute ethanol and three 5-minute xylene immersion [1-TXT].
3.13.1. Talent adding slide(s) to ethanol, with ethanol and xylene containers visible in frame TEXT: 80% EtOH -> 90% EtOH -> 100% EtOH -> xylene x3
4. In Vivo Efficacy and Pharmacodynamics Analyses
4.1. To assess the anti-tumor activity of a candidate drug of interest, initiate the treatment on the day of the cell inoculation according to the planned experimental protocol [1] and monitor the primary tumor volume twice a week for 4-6 weeks [2].
4.1.1. WIDE: Talent injecting mouse, with drug container visible in frame
4.1.2. Tumor being measured with calipers Author comment: (This is the same shot/procedure as 2.3.1)
4.2. For pharmacodynamic analysis of the tumor-infiltrated immune cells, mince the tumor tissues into small pieces [1] and digest the fragments with collagenase type one and DNase one in RPMI1640 medium plus 5% FBS for 30 minutes at 37 degrees Celsius [2-TXT].
4.2.1. Tumor being minced Videographer: Important step
4.2.2. [bookmark: _GoBack]Talent adding fragment(s) to medium with collagenase and DNase containers visible in frame Videographer: Important step Author comment: (Note: in the actual shot, medium with collagenase and DNase was added to fragments)
4.3. At the end of the digestion, filter the digested tissue through a 40-micrometer cell strainer to obtain a single cell suspension [1] and collect the cells by centrifugation [2-TXT].
4.3.1. Tissue being added to filter Videographer: Important step
4.3.2. Talent placing tube(s) into centrifuge Videographer: Important step TEXT: 5 min, 500 x g, 4 °C
4.4. Resuspend the pellet at a 1x107 cells/milliliter of ice cold FACS buffer concentration [1] and transfer an equal volume of cells to the appropriate number of wells in in 96-well round bottom plate [2].
4.4.1. Shot of pellet if visible, then buffer being added to tube, with buffer container visible in frame
4.4.2. Talent adding cells to well(s)
4.5. Collect the cells by centrifugation [1] and resuspend the pellets in 20 micrograms/milliliter of human IgG for 30 minutes to block any non-specific binding [2].
4.5.1. Talent placing plate into centrifuge
4.5.2. IgG being added to well(s), with IgG container visible in frame
4.6. Then stain the cells with the appropriate primary antibodies for 30 minutes at 4 degrees Celsius [1] before their analysis by flow cytometry according to standard protocols [2].
4.6.1. Antibod(ies) being added to well(s), with antibody container(s) visible in frame Videographer: Important step
4.6.2. Talent loading sample onto cytometer Videographer: Important step


Section – Results
5. Results: Representative PBMC- and Tumor-Engraftment and Anti-Tumor Antibody Treatment Analysis 

5.1. As demonstrated, 100 mg/kg cyclophosphamide and 125 mg/kg disulfiram myeloablation results in a significant depletion of neutrophils and monocytes four days post treatment [1].

5.1.1. LAB MEDIA: Figure 1: JoVE Video Editor please emphasize day 4 green, gold, purple (i.e. the actual regimen used in later studies) and orange box plots in Neutrophils and Monocytes graphs

5.2. After human PBMC and tumor transplantation, the presence of human immune cell infiltrates can be verified within the tumor microenvironment by immunohistochemistry [1].

5.2.1. LAB MEDIA: Figure 2C: JoVE Video Editor please emphasize brown staining in all three images

5.3. An in vivo screening of a panel of PBMC donors can be performed [1] to confirm the presence of a relatively high immune cell infiltration into the tumor microenvironment [2] and an acceptable tumor growth rate [3].

5.3.1. LAB MEDIA: Figure 3A
5.3.2. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize mean IHC score/x-axis
5.3.3. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize Mean Tumor volume/y-axis

5.4. Human cancer cell lines and patient-derived xenografts of different cancer types can also be evaluated to assess the tumor growth rate and immune cell infiltration [1].

5.4.1. LAB MEDIA: Figure 3B

5.5. In this representative experiment, treatment of the PBMC-engrafted humanized mice with humanized anti-PD-1 (P-D-one) antibody resulted in significant anti-tumor activities [1].

5.5.1. LAB MEDIA: Figure 4: JoVE Video Editor please emphasizes red, purple, and yellow data lines in all graphs



Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Xiao Yang: Disulfiram decreases the urotoxicity of cyclophosphamide and together these drugs may exert longer-lasting neutropenia effects in mice{Gamelli, 1986 #72}. The exact dose regimen of cyclophosphamide and disulfiram may need to be pre-determined [1].
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Zhuo Li: Newer strains of more immunodeficient mice for easier human immunity reconstitution and decreased xenogeneic graft-vs-host disease effects have been established that are pending further investigations with our documented protocol [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.3. Xiaomin Song: Our model is useful for evaluating T cell-engaging cancer immunotherapies, particularly when working on short timelines or for selecting agents before moving to a more complex multi-lineage immunity model [1].
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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