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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
n/a
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
n/a
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. Rafael Rezende: This reproducible and easy-to-perform protocol uses an ex vivo whole lymph node imaging strategy to track the draining of in vivo-administered fluorescent-labeled antibodies to local secondary lymphoid organs [1].

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

1.2. Gustavo Menezes: This technique has the benefit of an improved speed, tissue structure preservation, and cell viability compared to conventional immunofluorescence staining methods [1].

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

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

1.3. Rafael Rezende: This is a very simple and straightforward technique that can be performed by anyone. The only challenging aspect is the mouse handling, which requires some training [1].

1.3.1. INTERVIEW: Above Talent speaking the statement above in an interview-style shot, looking slightly off-camera

1.4. Gustavo Menezes: Demonstrating this technique allows a specific visualization of the procedure, which can facilitate a successful execution of the protocol [1].

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

Introduction of Demonstrator (Said by you on camera):

1.5. Rafael Rezende: Demonstrating the procedure will be Bruna Tatematsu, a technician from my laboratory [1]. 

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.5.2. 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)

1.6. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at the Brigham and Women’s Hospital. 

Section - Protocol
2. Antibody Cocktail Injection
2.1. Dilute the antibodies of interest conjugated to the appropriate fluorophores in 100 microliters of PBS for inguinal lymph node imaging [1-TXT] or 50 microliters of PBS for popliteal lymph node imaging [2].
2.1.1. WIDE: Talent adding antibod(ies) to PBS, with antibody containers visible in frame TEXT: See text for full Ab preparation/concentration details
2.1.2. Antibod(ies) being added to PBS, with antibody container labels visible in frame

2.2. For inguinal lymph node imaging, load 100 microliters of the antibody cocktail into a 1-milliliter insulin syringe equipped with a 30-gauge × ½ inch needle [1] and subcutaneously inject the antibodies into the inner thigh of the experimental mouse [2].

2.2.1. Talent aspirating cocktail into syringe
2.2.2. Mouse leg being injected

2.3. For popliteal lymph node imaging, inject 50 microliters of the antibody cocktail subcutaneously into one paw pad of the experimental animal [1].

2.3.1. Pad being injected

2.4. Then return the animal to its home box [1]. 

2.4.1. Talent placing mouse into cage

3. Inguinal Draining Lymph Node (LN) Harvest

3.1. For inguinal draining lymph node harvest, after waiting at least 3 hours after the injection [1-TXT], immobilize the mouse on the acrylic stage with adhesive tape and apply mineral oil to the abdominal skin [2].

3.1.1. WIDE: Talent taping mouse Videographer: More Talent than mouse in shot TEXT: Euthanasia: CO2 asphyxiation
3.1.2. Mineral oil being applied

3.2. Use standard microsurgery scissors and microsurgery curved forceps to make a midline skin incision in the abdomen from the pubis to the xiphoid process [1] and dissociate the abdominal musculature from the skin [2].

3.2.1. Incision being made
3.2.2. Muscle being dissociated NOTE: 3.2.2. through 3.3.2. filmed in one shot.

3.3. Make horizontal skin incisions at the top and bottom of the vertical incision line to create skin flaps on side of injection [1] and retract the skin to visualize the lymph node [2].

3.3.1. Horizonal incisions being made
3.3.2. Skin being retracted

3.4. Secure the skin-flap to the acrylic plate [1] and use the forceps to remove the translucid, usually bilobular, spherical, inguinal draining lymph node [2].

3.4.1. Skin flap being secured
3.4.2. Shot of lymph node (3.4.2a), then lymph node being removed (3.4.2b) NOTE: 3.4.2 split into two shots, a and b.

4. Popliteal Draining LN Harvest

4.1. For popliteal draining lymph node harvest, at least 12 hours after the injection, immobilize the mouse in the prone position on an acrylic stage [1-TXT] and apply mineral oil to the calf and knee on the injected side of the animal [2].

4.1.1. WIDE: Talent taping mouse Videographer: More Talent than mouse in shot TEXT: Euthanasia: CO2 asphyxiation
4.1.2. Oil being applied

4.2. Next, make a midline incision in the calf from the heel to the knee [1] and dissociate the calf musculature from the skin [2].

4.2.1. Incision being made
4.2.2. Muscle being dissociated

4.3. Expose the popliteal fossa [1]. The popliteal lymph node will appear as a translucid sphere within the fossa [2].

4.3.1. Fossa being exposed
4.3.2. Shot of lymph node within fossa

4.4. Then remove the lymph node with the microsurgery curved forceps [1].

4.4.1. LN being removed

5. LN Preparation and Ex Vivo Confocal Microscopy Imaging

5.1. To prepare the lymph nodes for imaging, place the whole organ in a 35- x 10-millimeter culture dish with a glass bottom [1] and use the forceps to remove any fat surrounding the tissue [2].

5.1.1. Talent placing LN into dish
5.1.2. Fat being removed

5.2. Center the organ in the middle of the dish [1] and cover the tissue with a piece of saline-soaked delicate task wiper [2].

5.2.1. Organ being centered
5.2.2. Organ being covered

5.3. For ex vivo imaging, position the dish in the inverted confocal microscope slot [1] and use the conventional light of the confocal microscope and the 4x or 10x objective to obtain the correct focus [2].

5.3.1. Talent placing dish into slot
5.3.2. Talent focusing microscope

5.4. Change from the light function to the laser mode [1] and use an isotype-stained, non-stained, or non-fluorescent sample to adjust the laser power and offset and gain to remove the autofluorescence and any unspecific staining [2].

5.4.1. Talent selecting laser mode
5.4.2. SCREEN: To be provided by Authors: Laser power and offset and gain being adjusted

5.5. Use the micrometric and the chariot to adjust the Z and XY positions, respectively, of the area of interest in an antibody-labeled lymph node [1].

5.5.1.  SCREEN: To be provided by Authors: Z and XY positions being adjusted

5.6. Acquire images under the 4-, 10-, and 20x objectives, focusing on the lymph node structure and cellular distribution and using a 1024 x 1024-pixel definition [1-TXT].

5.6.1. SCREEN: To be provided by Authors: Images being acquired under one magnification TEXT: Acquire ≥5 images/field/objective/animal 

5.7. Then use an appropriate imaging analysis software program [1] to separate the channels, to add the scale and colors of interest, and to reconstruct the 3D view [2].

5.7.1. Talent opening software, with monitor visible in frame
5.7.2. SCREEN: To be provided by Authors: Channels being separated, and/or scale and colors being added, and/or 3D view being reconstructed
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Section – Results
6. Results: Representative Whole LN Confocal Microscopy Imaging 

6.1. The powerful combination of immunolabeling of lymph node cells with anti-CD4 and anti-CD19 antibodies [1] and confocal imaging analysis [2] allows the localization of T and B cells within the inguinal lymph nodes [3].

6.1.1. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize Inguinal LN image row
6.1.2. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize green signal in T cell zone MERGE image
6.1.3. LAB MEDIA: Figure 3: JoVE Video Editor please emphasize red signal in B cell zone MERGE image

6.2. In the popliteal lymph nodes, as in the inguinal tissue [1], the B cell follicles are surrounded by T cell populations [2], a hallmark of the lymph node structure [3].

6.2.1. LAB MEDIA: Figure 4
6.2.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize red signal in MERGE image
6.2.3. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize green signal in MERGE image

6.3. As observed in these images, phagocytes do not internalize the injected antibodies [1], indicating that the B and T cell staining is specific [2].

6.3.1. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize white signal in F4/80 column
6.3.2. LAB MEDIA: Figure 5: JoVE Video Editor please emphasize red and green signals in MERGE column

6.4. Moreover, 3D reconstruction of the labeling indicates that the T and B cell staining do not overlap, further confirming the specificity of the staining [1].

6.4.1. LAB MEDIA: Movie 1 

6.5. Mononuclear cells are observed throughout the inguinal lymph node, including the subcapsular sinus [1], with the majority of the mononuclear cells expressing CX3CR1 (C-X-three-C-R-one) [2], followed by CCR2 (C-C-R-two) [3] and CXCR31, CCR2-double positive cells [4].

6.5.1. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize dotted boxes
6.5.2. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize green signal in left middle image
6.5.3. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize red signal in middle middle image
6.5.4. LAB MEDIA: Figure 6: JoVE Video Editor please emphasize yellow signal in right middle image

6.6. The same pattern of cell distribution and cell phenotypes is observed in the popliteal lymph node [1].

6.6.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize third row of images

6.7. Both lymph nodes also exhibit dark regions without mononuclear cell receptor expression that are occupied by lymphocytes [1]. 

6.7.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasizes dark areas in third row MERGE image
	
6.8. Moreover, mononuclear cells are scarce within the inner area of the lymph nodes, remaining concentrated in the outer areas of the tissue [1], indicating that these cells primarily occupy the lymph node subcapsular sinus [2].

6.8.1. LAB MEDIA: Figure 7: JoVE Video Editor please emphasize green/red/yellow signal in the Sinus floor MERGE image
6.8.2. LAB MEDIA: Figure 7 




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Rafael Rezende: (Step: 2.2.) The antibody mixture needs to be precisely injected into the subcutaneous tissue for the lymphatic system to properly drain the antibodies to the lymph node [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Gustavo Menezes: This method can be applied to the biodistribution of florescent-labelled drugs and to cell-targeting studies of fluorescent-labelled nanoparticles [1].  
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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