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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?  Yes  
If Yes, can you record movies/images using your own microscope camera?
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 (through a camera port or one of the oculars). Please list the make and model of your microscope.
Leica M165 FC Stereomicroscope with fluorescence.

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

3. Interview statements: Considering the COVID-19-imposed mask-wearing and social distancing recommendations, which interview statement filming option is the most appropriate for your group? Please select one.

☒ 	Interviewees wear masks until videographer steps away (≥6 ft/2 m) and begins filming, then the interviewee removes the mask for line delivery only. When take is captured, the interviewee puts the mask back on. Statements can be filmed outside if weather permits. 

4. Filming location: Will the filming need to take place in multiple locations?   Yes, 2 floors in the same building


Current Protocol Length

Number of Steps:  09
Number of Shots:  15

Introduction

1. Introductory Interview Statements

REQUIRED: 
1.1. Zuag Paj Her: These methods were used to develop the first zebrafish model of neuroblastoma metastasis and to demonstrate that this model can faithfully recapitulate many features of metastasis seen in patients with high-risk neuroblastoma.  
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.2.1, 2.3.1

1.2. Zuag Paj Her: The main advantage of this metastatic zebrafish model is the real time in vivo imaging of tumor dissemination, to better understand when and possibly how metastasis occurs.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.3.2

OPTIONAL: 
1.3. Zuag Paj Her: This technique isn’t specific to Neuroblastoma and can be applied to zebrafish models of diverse types of cancers, as long as the tumor cells can be identified and tracked, leading to an array of possibilities.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Ethics Title Card
1.4. All research methods using zebrafish and animal care/maintenance were performed in compliance with the institutional guidelines at Mayo Clinic.

Protocol
2. Outcross of LMO1 and MYCN Transgenic Lines to Create Metastatic Model
2.1. To begin, develop a heterozygous transgenic fish line overexpressing both MYCN and LMO1 by interbreeding MYCN and LMO1 transgenic lines [1]. At 1 day post fertilization, use a stereoscopic fluorescence microscope to sort the progeny of outcross for EGFP expression, which presents as EGFP-positive points in the hindbrain region [2].
2.1.1. WIDE: Establish the shot of talent in front of a zebrafish tank 
2.1.2. SCOPE: Visualization of EGFP positive points in hindbrain region Videographer: This step is important!
2.2. After sorting, isolate screened embryos into separate Petri dishes [1] and label dishes as MYCN positive or MYCN negative [2]. 
2.2.1. Talent isolating the embryos into the Petri dishes
2.2.2. Talent labeling the dishes
2.3. Visualize and sort embryos of both groups for LMO1 expression 3 to 4 days post fertilization [1]. Look for red fluorescent spots in both the superior cervical ganglion and non-PSNS dopaminergic neuronal cells, especially in oblongata medulla of the hindbrain. Perform the screening before embryos reach 5 days post fertilization [2]. 
2.3.1. Talent looking to embryos under microscope
2.3.2. SCOPE: Red fluorescence spots in brain Videographer: This step is important!
2.4. Then, isolate sorted fish into four groups of different genotypes [1] and label as MYCN-only, LMO1-only, MYCN and LMO1 both, and Wildtype. Raise them in identical conditions according to standard protocols [2]. 
2.4.1. Talent sorting fishes 
2.4.2. Fishes sorted and labelled in categories

3. Visualizing Tumor Burden in Transgenic Zebrafish Lines
3.1. Visualize tumors with a stereoscopic fluorescence microscope by gently flipping fish with a metal spatula onto both lateral sides to view the tumor [1]. 
3.1.1. SCOPE: Talent flipping the fish with metal spatula Videographer: This step is important!
3.2. After identification of the possible tumor-bearing fish, isolate them into a separate tank with appropriate labels, which includes date of birth, date when tumor was screened, and genotype [1].
3.2.1. Isolated fishes into labelled tanks
3.3. At 6 weeks post fertilization, repeat previous steps to screen for tumor-bearing fish and non-tumor bearing fish to confirm the presence of tumors for previously screened fish or identify new possible tumor-bearing fish [1]. Look for sustained or increased size of fluorescence-positive mass in confirmed tumor-bearing fish [2]. 
3.3.1. Talent screening the fish
3.3.2. SCOPE: Fluorescence-positive tumor mass in fish 
3.4. After identifying tumor-bearing fish, monitor them biweekly for evidence of tumor cell migration, which presents as tiny EGFP or mCherry positive tumor masses far from the primary site of tumor genesis [1]. Isolate these fish into separate tanks as needed and label appropriately to indicate possible metastasis [2].
3.4.1. SCOPE: metastatic tumor site Videographer: This step is important!
3.4.2. Talent isolating the fish in separate tank and labelling them to indicate metastasis


Results
4. Results: Transgenic Zebrafish Model Overexpressing MYCN and LMO1 for Neuroblastoma Metastasis
4.1. After interbreeding the heterozygous MYCN and LMO1 fish [1] and while sorting their progeny, EGFP-MYCN expression was prominent in the non-PSNS dopaminergic neuronal cells at 1 day post fertilization [2]. In contrast, the LMO1 expression was prominent in both PSNS cells and non-PSNS dopaminergic neuronal cells [3].
4.1.1. LAB MEDIA: Figure 1
4.1.2. LAB MEDIA: Figure 1A Video editor: please highlight the images below the heading Day 2: Sorting of EGFP+ (MYCN) embryos at 1 dpf
4.1.3. LAB MEDIA: Figure 1A Video editor: please highlight the images below the heading Day 4: Sorting of mCherry+ (LMO1) embryos at 3 dpf
4.2. Fluorescent positive tumor masses were detected in tissues and organs distant from the primary tumor site in the compound transgenic fish with overexpression of both MYCN and LMO1, but not in the transgenic fish with expression of MYCN alone [1].
4.2.1. LAB MEDIA: Figure 1B
4.3. H and E staining of the sagittal sections showed that the primary tumor arose from the inter-renal gland region, the zebraﬁsh equivalent of the human adrenal gland, which is the most common site of primary disease in neuroblastoma patient [1].
4.3.1. LAB MEDIA: Figure 2A,2B
4.4. Tumor masses distant from the inter-renal gland were detected in multiple regions, including the distal portion of the kidney [1], orbit [2], gill [3], spleen [4], and inner wall of the atrial chamber of the heart [5]. 
4.4.1. LAB MEDIA: Figure 2A, 2C
4.4.2. LAB MEDIA: Figure 2A, 2D
4.4.3. LAB MEDIA: Figure 2A, 2E
4.4.4. LAB MEDIA: Figure 2A, 2F
4.4.5. LAB MEDIA: Figure 2G
4.5. The PSNS neuroblast lineage of tumor cells at the primary tumor and all the metastatic sites was confirmed [1].
4.5.1. LAB MEDIA: Figure 2H, 2I, 2J, 2K, 2L, 2M
4.6. Signiﬁcantly amplified amounts and increased thickness of PSR-stained collagen ﬁbers were found in MYCN-LMO1 tumors when compared to the tumors expressing MYCN alone [1].
4.6.1. LAB MEDIA: Figure 3



Conclusion
5. [bookmark: _Hlk27388131]Conclusion Interview Statements

5.1. Zuag Paj Her: After using this procedure, drug screening and testing novel cancer therapies can be applied, which can potentially lead to the development of alternative agents to prevent and treat metastatic cancers. 
5.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.1.2, 2.3.2
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