[bookmark: _Hlk161771130][image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 69734
Scriptwriter Name: Poornima G
Project Page Link: https://review.jove.com/account/file-uploader?src=21268918 

Title: A Pre-Clinical Model of Synovitis Using Ex Vivo Human Synovial Tissue with Preserved Function and Architecture

Authors and Affiliations: 
Karen I. Cyndari1,2, Jacob M. Elkins3, Mitchell C. Coleman3, KariAn E. Mulford1,2, Rachel M. Johnson4, Katherine L. Butler1,2, Corey P. Parlet5,6, Hanna C. Huston1,2, Tyler Draayer1, Preethika Naveen7, Christine A. Petersen8

1Department of Emergency Medicine, University of Iowa Health Care 
2Interdisciplinary Graduate Program in Immunology, University of Iowa
3Department of Orthopedics and Rehabilitation, University of Iowa Health Care 
4University of Iowa, Carver College of Medicine
5Office of Research and Development, Iowa City Veterans Affairs Health Care System
6Department of Internal Medicine, University of Iowa Health Care
7Iowa State University
8Department of Veterinary Biosciences, Ohio State University



Corresponding Authors: 
[bookmark: _Hlk25233958]Karen I. Cyndari 		Karen-cyndari@uiowa.edu


Email Addresses for All Authors: 
Jacob M. Elkins 		Jacob-elkins@uiowa.edu
Mitchell C. Coleman 		mitchell-coleman@uiowa.edu
KariAn E. Mulford 		Karian-mulford@uiowa.edu
Rachel Johnson 		rachel-johnson-2@uiowa.edu
Katherine L. Butler 		Katherine-l-butler@uiowa.edu
Corey P. Parlet 		Corey-parlet@uiowa.edu
Hanna C. Huston 		Hanna-huston@uiowa.edu
Tyler Draayer 			Tyler-draayer@uiowa.edu
Preethika Naveen 		pnaveen@iastate.edu
Christine A. Petersen 		petersen.307@osu.edu


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?  Yes, all done

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. Yes




Current Protocol Length
Number of Steps:  14
Number of Shots:  34 (4 SC)

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


Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
Answers are slightly edited in accordance with journal guidelines to fit the length limit. 5 best answers are chosen.

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Karen Cyndari: The main questions we want to answer are: what is the native synovial immune response to infectious and inflammatory stimuli, and how is that reflected in alterations to synovium structure?
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Jabob Elkins: My main clinical and research focus is on the treatment of morbidly obese patients with end-stage osteoarthritis. Frequently in this patient population, they have been medically neglected given their difficulty in finding surgical treatment options for their disease. 
1.2.1. LAB MEDIA: Pre-1.1---Elkins-intro-to-surgical-case.mp4 00:07-00:21
NOTE: Use this statement and timestamps (video is on project page) and do not use the 1.2 provided by the videographer
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Karen Cyndari: This protocol allows researchers to study the alterations in synovial intimal and sublining layers including depth, cellularity, and intactness, which is all indicative of inflammation.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera 

Describe the most important consideration or challenge when performing this protocol.
1.4. Karen Cyndari: The most important considerations while performing this protocol are viable tissue acquisition from appropriate donors, sterility, and intimal lining identification for biopsy selection. 
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Karen Cyndari: Future studies will evaluate improving the length of viable tissue culture to evaluate regeneration of the synovial intimal lining. 
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


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





`Testimonial Questions (OPTIONAL): 

Videographer: Please capture all testimonial shots in a wide-angle format with sufficient headspace, as the final videos will be rendered in a 1:1 aspect ratio. Testimonial statements will be presented live by the authors, sharing their spontaneous perspectives.

· Testimonial statements will not appear in the video but may be featured in the journal’s promotional materials.
· Provide the full name and position (e.g., Director of [Institute Name], Senior Researcher [University Name], etc.) of the author delivering the testimonial. 
· Please answer the testimonial question live during the shoot, speaking naturally and in your own words in complete sentences.


What problem in your field of research does your JoVE article address?
1.6. Karen Cyndari, Assistant Professor: (authors will present their testimonial statements live): This work addresses the complex cross-talk present in joint spaces that can cause arthritis by isolating synovium-initiated signals in various clinically relevant context.
1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

What value do you expect this video article to have for other researchers working in your field?
1.7. Karen Cyndari, Assistant Professor: (authors will present their testimonial statements live): This video will clarify nuances of tissue identification and processing as well as provide a tutorial on the tools used for masks and measurements. 
1.7.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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Ethics Title Card

This research has been approved by the Institutional Review Board (IRB) at the University of Iowa 



Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

NOTE: Section 2.0 was given by authors after the shoot. Please include the title and the 5 shots under 2.0 as a separate section. The video and VO do not exactly match at the points in this segment, but the authors want specific things. This plan is approved by Anastasia and Swati.

Added Section 2.0:

Synovium Collection During Total Knee Arthroplasty in a Patient with Morbid Obesity

2.0   To begin, perform arthrotomy and dissection in the operating room [1]. Use a standard medial parapatellar approach and perform a more extensile exposure when operating on a patient with morbid obesity and end-stage osteoarthritis [2]. Identify the anterior synovium [3] and use electrocautery to dissect the tissue. Observe the knee for signs of inflammation, as patients with obesity may demonstrate a local inflammatory response that correlates with the broader inflammatory effects of obesity [4]. Pass the synovium to the research team member in a sterile manner [5]. 
2.0.1. 	LAB MEDIA: surgical-resection.mp4 [00:05–00:13]
2.0.2.	LAB MEDIA: surgical-resection.mp4 [00:15–00:25]
2.0.3.	LAB MEDIA: surgical-resection.mp4 [00:30–00:34]
2.0.4.	LAB MEDIA: surgical-resection.mp4  [00:50–01:10]
2.0.5	LAB MEDIA: surgical-resection.mp4 .[01:20-01:29]




2. Biopsy Coring of Human Synovial Tissue
Demonstrator: Karen Cyndari 


2.1. Place the specimen container filled with cold Dulbecco’s PBS or DPBS on ice [1] and transfer the human anterior synovial tissue acquired during the Total Knee Arthroplasty into the container [2]. 
2.1.1. WIDE: Talent placing the specimen container with DPBS on ice.
2.1.2. Talent placing the synovium into a 50-milliliter specimen container containing cold Dulbecco’s PBS on ice. 

2.2. Wash the tissue two times in cold DPBS for 10 minutes on a plate rocker [2].
2.2.1. Talent transferring the synovium into another container with cold DPBS and placing it on a rocker.

2.3. Next, transfer the synovium to a 10-centimeter or larger sterile petri dish under a biosafety level 2 cabinet [1]. Add cold, sterile, low-glucose DMEM (D-M-E-M) containing sodium pyruvate and L-glutamine to fill the dish halfway [2]. Identify the synovial lining by the pearlescent intimal layer, without peeling it away [3].
2.3.1. Talent transferring the synovium to a sterile petri dish in a biosafety level 2 certified biosafety cabinet.
2.3.2. Talent adding cold, sterile, low glucose DMEM containing sodium pyruvate and L-glutamine until the dish is halfway filled.
2.3.3. Talent pointing to the pearlescent intimal layer. 

2.4. Arrange the required tools to obtain 3-millimeter biopsy cores for a minimum of 2 technical replicates [1]. Using iris scissors or a scalpel, dissect away the extraneous adipose and stromal tissue from the cauterized side to isolate the synovium, maintaining a tissue depth of approximately 4 to 5 millimeters throughout [2]. Change the petri dish media as necessary to maintain the field of view [2].
2.5.1,. Talent arranging tools to pick biopsy cores such as forceps, hemostats, punch, etc. Author’s NOTE: Move this shot before 2.4.1
2.4.1. Talent dissecting away extraneous adipose and stromal tissue on the cauterized side while preserving approximately 4 to 5 millimeters of tissue depth.
2.4.2. Talent changing the media in the petri dish to maintain the field of view.

2.5. Arrange the required tools to obtain 3-millimeter biopsy cores for a minimum of 2 technical replicates per tested condition [1]. Position the tissue with the synovial lining facing the coring tool [2]. Stabilize the tissue with the non-dominant hand using forceps or hemostats [3], and core the tissue by applying a firm, perpendicular pressure with gentle twisting [4]. Replace the biopsy punch after approximately 10 to 15 uses, or when the tissue twists during coring, to avoid damaging the intimal lining structure [5].
2.5.1. Talent arranging tools to pick biopsy cores such as forceps, hemostats, punch, etc Author’s NOTE: Move this shot before 2.4.1
2.5.2. Talent positioning the synovium with the synovial lining facing the coring tool.
2.5.3. Talent stabilizing the tissue with forceps or hemostats using the non-dominant hand.
2.5.4. Talent coring the tissue with a forceful perpendicular motion and gentle twisting. 
2.5.5. Talent placing the biopsy punch in use aside and picking up a new one.

2.6. Open a second petri dish and fill it with 5 to 10 milliliters of media containing 10 percent FBS tempered at 37 degrees Celsius [1]. With flat or non-toothed forceps, transfer the cores to the dish [2] and gently agitate for 1 to 2 seconds to wash away debris without pinching them tightly [3].
2.6.1. Talent opening a second petri dish and filling it with warmed media containing 10 percent FBS.
2.6.2. Talent transferring the biopsy cores with flat or non-toothed forceps into the second dish. 
2.6.3. Talent gently agitating the cores in the media to remove debris without pinching them tightly.




3. Setting up the Joint Space Analysis System (JSAS)
3.1. To prepare the bottom well of the joint space analysis system [1], add 600 microliters of low glucose DMEM containing 10 percent FBS tempered at 37 degrees Celsius [2].
3.1.1. Talent showing the bottom well of the joint synovial assay system.
3.1.2. Talent pipetting 600 microliters of warmed low glucose DMEM containing 10 percent FBS into the bottom well.

3.2. Add the vehicle control or treatment reagent of choice, such as LPS or MCP-1, to the bottom well [1-TXT].
3.2.1. Talent adding the treatment solution to the bottom well. TXT: LPS: Lipopolysaccharide; MCP-1: Monocyte Chemoattractant Protein 1

3.3. Select the transwell pore size based on the desired experimental outcome [1] and add 300 microliters of low glucose DMEM containing 10 percent FBS to the transwell [2].
3.3.1. Talent picking up and showing an appropriate transwell insert.
3.3.2. Talent pipetting 300 microliters of media into the transwell insert.

3.4. Using sterile forceps, gently transfer individual tissue cores into the media of the transwell, avoiding frayed and floating cores [1].
3.4.1. Talent transferring individual tissue cores into the transwell using sterile forceps. 

3.5. Next, place the assembly in an incubator at 37 degrees Celsius with 5 percent carbon dioxide for 8 to 72 hours, depending on the downstream assays to be performed [1].
3.5.1. Talent placing the joint synovial assay system into the incubator.


Histologic and Quantitative Analysis of Synovial Tissue
NOTE: Treat the following as a separate section (4) and add the above section title
Authors: The following are only representative shots for bridging the results
3.6. Fix the synovial tissue in 10% neutral buffered formalin, then embed and section it for histologic analysis [1].
3.6.1. Talent placing synovial tissue into a tube/jar labeled ‘Fixative’ .
NOTE: The authors were very reluctant to film any representative shots for downstream analyses, and they agreed to film only a couple of shots after requesting multiple times
3.7. After staining with hematoxylin and eosin, image the tissue sections at 10x and 40x using brightfield microscopy [1]. Use Photoshop to outline the intimal lining [2] and sublining regions in the 40x TIFF (tiff) image [3], masking non-target areas, erythrocytes, and large vasculature for subsequent quantitative analysis [4]. 
3.7.1. Talent placing a slide under a microscope and adjusting magnification to visualize tissue regions. 
3.7.2. SCREEN: 3.4-5.mp4  00:38-00:44
3.7.3. SCREEN: 3.6.mp4 00:42-00:46
3.7.4. SCREEN: 3.6.1.mp4 00:37-00:42

3.8. Analyze the final masks to quantify intimal lining and sublining thickness, integrity, and cellularity [1]. Finally, assess the migratory cells by flow cytometry and the soluble factors in the collected media by enzyme-linked immunosorbent assay [2].
3.8.1. LAB MEDIA: Figure 4E and F.
3.8.2. Talent placing the sample in a FACS machine or loading a plate into an ELISA plate reader.



3.8.3. 

Results
4. Results 

4.1. The synovial tissue cultured with increasing doses of MCP-1 or LPS showed distinct intimal lining morphology changes [1], including friable intimal lining [2] and a thickened intimal lining with decreased cellular density [3] when compared to the control [4].
4.1.1. LAB MEDIA: Figure 8A.  Video editor: Highlight the images for MCP-1 and LPS
4.1.2. LAB MEDIA: Figure 8A. Video editor: Highlight the black arrows marking the friable lining in the MCP-1 100 ng/ml panel.
4.1.3. LAB MEDIA: Figure 8A. Video editor: Highlight the black brackets in, MCP-1 200 ng/ml and LPS 250 ng/ml images.
4.1.4. LAB MEDIA: Figure 8A. Video editor: Highlight the black bracket in control image.

4.2. MCP-1 and LPS treatment altered the synovial cytokine response [1]. MCP1 induced pathogenic fibroblast marker Podoplanin expression in the sublining [2], whereas LPS increased podoplanin in both the intimal lining and the sublining [3].
4.2.1. LAB MEDIA: Figure 8B. Video editor: Highlight the images for MCP-1 and LPS

4.2.2. LAB MEDIA: Figure 8B. Video editor: In the MCP-1 200 ng/ml row, highlight the areas pointed by the black arrows
4.2.3. LAB MEDIA: Figure 8B. Video editor: Highlight the red signals in LPS 250 ng/ml row 


4.3. Migratory immune cells in the bottom well included neutrophils, NK cells, NKT cells, T cells, B cells or dendritic cells, monocytes or macrophages, and M2 macrophages [1]. T cells were the most abundant migratory immune cells [2].
4.3.1. LAB MEDIA: Figure 9A. Video editor: Show panel A and highlight the x-axis labels 
4.3.2. LAB MEDIA: Figure 9A. Video editor: Highlight the group labelled CD3 in panel A

4.4. Statistically, there was no difference in cell migration based on bottom well stimulus [1].
4.4.1. LAB MEDIA: Figure 9A. 

4.5. Osteoprotegerin, an arthritis-relevant protein, was detected at 24, 48, and 72 hours in untreated cultured arthritic synovium [1], and was significantly higher at 72 hours than at 24 hours [2].
4.5.1. LAB MEDIA: Figure 9B. 
4.5.2. LAB MEDIA: Figure 9B. Video editor: Highlight the 72h bar 

4.6. Inducible nitric oxide synthase expression in the intimal lining was high in controls at 0 hours [1], and was nearly absent after 24 hours [2]. The expression of nitric oxide synthase was maintained when treated with N-acetyl cysteine [3].
4.6.1. LAB MEDIA: Figure 10. Video editor: Show the left column (set labelled iNOS), highlight the red signal along the surface layer in the ‘0 hr Control’ panel
4.6.2. LAB MEDIA: Figure 10. Video editor: Show the left column set labelled iNOS, highlight the 24 hour Control panel 
4.6.3. LAB MEDIA: Figure 10. Video editor: Show the left column set labelled iNOS, highlight the red surface signal in the left border in the +NAC panel

4.7. Conversely, N-acetyl cysteine did not alter Matrix metalloproteinase 9 expression, a marker of both synovitis and potential cartilage damage [1].
4.7.1. LAB MEDIA: Figure 10. Video editor: Show the right column set labelled MMP9, highlight the red dots
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