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Author Questionnaire
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct.
X Correct

2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?
NO

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

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: Friday, September 26th 2025

 
When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare.

Current Protocol Length

Number of Steps:  17
Number of Shots:  25
Introduction


REQUIRED: What is the scope of your research? What questions are you trying to answer?
1.1. Lasse Jensen: Treatment personalization is key to improving survival from cancer. As current precision medicine fails to personalize treatment for most patients, how can new, functional methods be leveraged to meet this challenge?
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


What research gap are you addressing with your protocol?
1.2. Lasse Jensen: To facilitate automation of zebrafish tumor xenografting and related techniques including hindbrain, subcutaneous or intravenous drug administration, we provide a thorough protocol for the use of an automated injection system. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.4

 
How will your findings advance research in your field?
1.3. Lasse Jensen: This protocol will allow basic researchers and clinical labs to reliably create zebrafish tumor xenograft models and perform intravenous drug administration to functionally test anti-cancer drug efficacy in vivo.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 2.13




Protocol  
2. Placing Zebrafish Larvae on the Agarose Gel Plate and Setting up the Microinjection Robot

Demonstrator: Wietske Van Der Ent

2.1. To begin, moisten the agarose gel plate using E3 solution [1]. Hold the plate at an angle to allow any excess E3 solution to pool and collect [2].
2.1.1. LAB MEDIA: PlacingLarvae.MOV: 00:06-00:13
2.1.2. LAB MEDIA: PlacingLarvae.MOV: 00:22-00:39

2.2. Carefully place 10 to 20 anesthetized larvae onto the moistened plate and allow the excess water to drain away naturally [1]. Then, arrange the larvae so that they are evenly spaced and not touching each other, keeping a minimum distance of 10 millimeters from the plate’s edge [2].
2.2.1. LAB MEDIA: PlacingLarvae.MOV: 01:04-01:18
2.2.2. LAB MEDIA: PlacingLarvae.MOV: 01:19-01:23

2.3. Now, use a pipette or absorbent paper to remove any excess liquid from the plate while making sure the larvae remain moist [1].
2.3.1. LAB MEDIA: PlacingLarvae.MOV: 01:24-01:38

2.4. Next, tap on the Injection Settings menu on the interface [1]. Choose the correct developmental stage of zebrafish larvae suitable for injection [2] and select the desired injection site from the available options [3].
2.4.1. LAB MEDIA: Robot Setup.MOV: 02:43-02:49
2.4.2. LAB MEDIA: Robot Setup.MOV: 02:52-02:57
2.4.3. LAB MEDIA: Robot Setup.MOV: 02:58-03:05

2.5. Then, select the injection location on the schematic diagram of the zebrafish larva. Adjust the position of the larval diagram, needle tip, and needle orientation to align with the selected injection site [1].
2.5.1. LAB MEDIA: Robot Setup.MOV: 03:06-03:23

2.6. Select the injection macro offering options for automatic and manual modes as preferred [1].
2.6.1. LAB MEDIA: Robot Setup.MOV: 03:29-03:33

2.7. Now, grasp the needle holder firmly and rotate the metal part counterclockwise to detach it from the robot [1]. Insert the blunt end of a filled needle into the frustoconical end of the needle holder [2].
2.7.1. LAB MEDIA: Robot Setup.MOV: 04:48-04:55
2.7.2. LAB MEDIA: Robot Setup.MOV: 05:02-05:10

2.8. Tap on Move stage to mount needle to begin mounting the needle. Once the stage relocates, use the ruler to measure the exposed length of the needle, ensuring it is approximately 22 millimeters [1].
2.8.1. LAB MEDIA: Robot Setup.MOV: 06:14-06:30

2.9. Then, grasp the needle holder with the filled needle and twist the metal part clockwise to securely tighten the connection [1-TXT].  
2.9.1. LAB MEDIA: Robot Setup.MOV: 05:12-5:24 TXT: Press OK and proceed

2.10. On the pop-up screen, position the needle at the center of the circle and adjust the two screws on the machine [1]. When properly centered, tap the green checkmark to confirm [2].
2.10.1. LAB MEDIA: Robot Setup.MOV:  08:19-08:21, 08:59-09:10
2.10.2. LAB MEDIA: Robot Setup.MOV: 09:57-10:00

2.11. On the next pop-up screen, adjust the focus on the needle tip by turning the screw located at the back of the robot head. When the tip is in focus, tap the green checkmark [1]. The robot will then automatically calibrate the needle height and rotate the needle while displaying injection positions as red points with each rotation [2].
2.11.1. LAB MEDIA: Robot Setup.MOV:  10:18-10:35
2.11.2. LAB MEDIA: Robot Setup.MOV: 11:18-11:53

2.12. When calibration is complete, tap Got it followed by Continue to droplet calibration located at the bottom right of the screen [1].
2.12.1. LAB MEDIA: Robot Setup.MOV: 11:54-11:58

2.13. In the injection interface, click on the Start button to initiate the injection process. The robot stage will begin moving as the system scans the agarose plate to locate a larva. Once a larva is identified, the needle will automatically move to the selected injection site and adjust its direction to the preset angle [1].
2.13.1. LAB MEDIA: Injections.MOV: 01:30-01:47

2.14. If automatic mode is selected, allow the robot to perform injections seamlessly at the designated site. After each injection, the robot will continue scanning the plate to locate the next larva and proceed with injections [1].
2.14.1. LAB MEDIA: Injections.MOV: 01:01-01:10.

2.15. Once all larvae have been injected, click the Stop button to close the injection interface. The needle will automatically be positioned in the oil well [1]. Then, carefully lift and remove the plate containing the injected larvae [2].
2.15.1. LAB MEDIA: Injections.MOV: 05:14-05:18
2.15.2. LAB MEDIA: Injections.MOV: 05:19-05:27

2.16. To transfer the injected larvae, tilt the plate over a Petri dish and use a pipette or squeeze bottle to gently flush them out with a controlled stream of water [1]. Start from the top of the plate and move downward to flush the larvae effectively [2].
2.16.1. LAB MEDIA: Injections.MOV: 05:33-05:39
2.16.2. LAB MEDIA: Injections.MOV: 05:40-05:50



Results
3. Results

3.1. Automated injections into the duct of Cuvier resulted in successful delivery when the injected material was clearly distributed throughout the circulatory system [1]. However, failed injections resulted in accumulation in the perivitelline space [2] or only a small number of beads were visible [3].
3.1.1. LAB MEDIA: Figure 2. Video editor: Highlight the top zebrafish image labeled “Good injection” where the green beads are spread across the body, especially toward the tail.
3.1.2. LAB MEDIA: Figure 2. Video editor: Highlight the middle zebrafish image labeled “Beads in PVS” where a large cluster of green beads is visible near the center of the body, without tail distribution.
3.1.3. LAB MEDIA: Figure 2. Video editor: Highlight the bottom zebrafish image labeled “Few beads” where only a small patch of green beads is visible near the yolk area.
3.2. Injections targeting the perivitelline space were considered successful when fluorescent cancer cells remained localized at the injection site [1], but were unsuccessful if cells entered circulation [2], were deposited in the yolk [3], or if very few cells were present [4].
3.2.1. LAB MEDIA: Figure 3. Video editor: Highlight the top zebrafish image labeled “Good injection” where the green cells are concentrated near the yolk sac area.
3.2.2. LAB MEDIA: Figure 3. Video editor: Highlight the second zebrafish image labeled “Cells in circulation” and emphasize the green fluorescent cells scattered near the middle of the fish body.
3.2.3. LAB MEDIA: Figure 3. Video editor: Highlight the third zebrafish image labeled “Cells in yolk” showing bright green fluorescence confined within the yolk sac area.
3.2.4. LAB MEDIA: Figure 3. Video editor: Highlight the bottom zebrafish image labeled “Few cells” where only a faint spot of green fluorescence is visible.
3.3. Successful hindbrain ventricle injections resulted in microsphere deposition localized to the correct injection site [1], while errors led to unintended accumulation in the midbrain or forebrain regions [2].
3.3.1. LAB MEDIA: Figure 4. Video editor: Highlight the top zebrafish image labeled “Good injection” showing green beads near the hindbrain area behind the eye.
3.3.2. LAB MEDIA: Figure 4. Video editor: Highlight the bottom zebrafish image labeled “Beads in midbrain and forebrain” where green beads are clearly visible in the front regions of the head.


Pronunciation Guide:

  Automating
Pronunciation link: https://www.merriam-webster.com/dictionary/automate
IPA: /ˈɔː-tə-ˌmeɪ-tɪŋ/
Phonetic Spelling: aw-tuh-may-ting
  Tumor
Pronunciation link: https://www.merriam-webster.com/dictionary/tumor
IPA: /ˈtuː-mər/
Phonetic Spelling: too-mer
  Implantation
Pronunciation link: https://www.merriam-webster.com/dictionary/implantation
IPA: /ˌɪm-plæn-ˈteɪ-ʃən/
Phonetic Spelling: im-plan-tay-shun
  Zebrafish
Pronunciation link: https://www.merriam-webster.com/dictionary/zebrafish
IPA: /ˈziː-brə-ˌfɪʃ/
Phonetic Spelling: zee-bruh-fish
  Larvae
Pronunciation link: https://www.merriam-webster.com/dictionary/larva
IPA: /ˈlɑːr-viː/
Phonetic Spelling: lar-vee
  Xenografting
Pronunciation link: No confirmed link found
IPA: /ˈzɛn-ə-ˌɡræf-tɪŋ/
Phonetic Spelling: zen-uh-graf-ting
  Intravenous
Pronunciation link: https://www.merriam-webster.com/dictionary/intravenous
IPA: /ˌɪn-trə-ˈviː-nəs/
Phonetic Spelling: in-truh-vee-nus
  Agarose
Pronunciation link: https://www.merriam-webster.com/dictionary/agarose
IPA: /ˈæɡ-ə-ˌroʊs/
Phonetic Spelling: ag-uh-rohs
  Larval
Pronunciation link: https://www.merriam-webster.com/dictionary/larval
IPA: /ˈlɑːr-vəl/
Phonetic Spelling: lar-vul
  Frustoconical
Pronunciation link: No confirmed link found
IPA: /ˌfrʌs-toʊ-ˈkɒn-ɪ-kəl/
Phonetic Spelling: frus-toh-kon-ih-kuhl
  Calibration
Pronunciation link: https://www.merriam-webster.com/dictionary/calibration
IPA: /ˌkæl-ə-ˈbreɪ-ʃən/
Phonetic Spelling: kal-uh-bray-shun
  Perivitelline
Pronunciation link: No confirmed link found
IPA: /ˌpɛr-i-vɪ-ˈtɛl-ɪn/
Phonetic Spelling: peh-ree-vih-tell-in
  Ventricle
Pronunciation link: https://www.merriam-webster.com/dictionary/ventricle
IPA: /ˈvɛn-trɪ-kəl/
Phonetic Spelling: ven-tri-kuhl
  Microsphere
Pronunciation link: https://www.merriam-webster.com/dictionary/microsphere
IPA: /ˈmaɪ-krō-ˌsfɪr/
Phonetic Spelling: my-kroh-sfeer
  Subcutaneous
Pronunciation link: https://www.merriam-webster.com/dictionary/subcutaneous
IPA: /ˌsʌb-kyuː-ˈteɪ-ni-əs/
Phonetic Spelling: sub-kyoo-tay-nee-us
  Circulatory
Pronunciation link: https://www.merriam-webster.com/dictionary/circulatory
IPA: /ˈsɜːr-kyə-lə-ˌtɔːr-i/
Phonetic Spelling: sir-kyuh-luh-tor-ee
  Peristalsis (appears in reference context of “perivitelline space,” typically paired in biology)
Pronunciation link: https://www.merriam-webster.com/dictionary/peristalsis
IPA: /ˌper-ə-ˈstɔːl-sɪs/
Phonetic Spelling: peh-ruh-staal-sis
  Forebrain
Pronunciation link: https://www.merriam-webster.com/dictionary/forebrain
IPA: /ˈfɔːr-ˌbreɪn/
Phonetic Spelling: for-brayn
  Midbrain
Pronunciation link: https://www.merriam-webster.com/dictionary/midbrain
IPA: /ˈmɪd-ˌbreɪn/
Phonetic Spelling: mid-brayn
  Hindbrain
Pronunciation link: https://www.merriam-webster.com/dictionary/hindbrain
IPA: /ˈhaɪnd-ˌbreɪn/
Phonetic Spelling: hynd-brayn
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