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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. 
√ 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: 09/07/2025


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


Current Protocol Length

Number of Steps:  18
Number of Shots:  28

Introduction 


1.1. Solomon Mensah: The Mensah Lab is focused on vascular research and is developing new techniques for researching the endothelial glycocalyx and its role in vascular diseases [1].
1.1.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B. roll: 3.1

What are the most recent developments in your field of research?
1.2. Camden Holm: Recent developments involve creating more advanced in vitro models for glycocalyx research and researching therapeutic strategies to target endothelial glycocalyx health and repair in diseases [1].
1.2.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B. roll: 2.8

What are the current experimental challenges?
1.3. Camden Holm: Experimental challenges include incomplete in vitro models which fail to accurately replicate healthy glycocalyx, as well as difficult quantification and measurement techniques [1].
1.3.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 

What significant findings have you established in your field?
1.4. Solomon Mensah: Our contributions to the field have expanded the current understanding of the endothelial glycocalyx, particularly its roles in cancer metastasis, regeneration of damaged glycocalyx, and interactions with vascular surface receptors [1].
1.4.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. 



What advantage does your protocol offer compared to other techniques?
1.5. Camden Holm: Our method presents an inexpensive and effective method for creating organ-on-chip vascular systems that express more well-developed and biomimetic endothelial glycocalyx compared to conventional techniques [1].
1.5.1. INTERVIEW: Named Talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B. roll: 2.17


Ethics Title Card
This research has been approved by the Institutional Review Board (IRB) at the Worcester Polytechnic Institute 

Protocol  

2. Fabrication and Cell Seeding of a PDMS-Based Microvascular Flow System
Demonstrator: Camden Holm

2.1. To begin, weigh 10 parts silicone elastomer base in a 50-milliliter centrifuge tube [1].
2.1.1. LAB MEDIA: 20240702_182836000_iOS.MOV 	00:00 – 00:22
AND 20240702_183008000_iOS.MOV		00:00 – 00:01

2.2. Pour 1 part curing agent into the tube containing the silicone elastomer base, to a final volume of 30 milliliters [1]. Mix thoroughly to obtain a uniform solution [2].
2.2.1. LAB MEDIA: 20240702_183023000_iOS.MOV 	00:00 – 00:20
2.2.2. LAB MEDIA : 20240702_183256000_iOS.MOV	00:00 – 00:09

2.3. Now, pour the well mixed solution into the molds [1].
2.3.1. LAB MEDIA: 20240702_183615000_iOS.MOV	00:02 – 00:14

2.4. Then place the molds into a vacuum chamber to degas the PDMS (P-D-M-S) for 30 to 60 minutes or until no bubbles remain [1-TXT].
2.4.1. LAB MEDIA: 20240702_183834000_iOS.MOV 	00:03 – 00:23
AND 20240702_183917000_iOS.MOV		00:03 – 00:08 TXT: PDMS: polydimethylsiloxane

2.5. Remove the degassed PDMS from the vacuum chamber and allow it to cure at room temperature for 48 hours [1].
2.5.1. LAB MEDIA: 20240702_191741000_iOS.MOV	00:14 – 00:34
AND 20240702_191824000_iOS.MOV		00:00 – 00:02

2.6. Extract the cured PDMS from the PLA (P-L-A) mold [1-TXT]. Then place two pieces of double-sided tape in each cell culture plate [2].
2.6.1. LAB MEDIA: 20240705_150730000_iOS.MOV 	00:35 – 00:45 TXT: PLA: polylactic acid
2.6.2. LAB MEDIA: 20240705_150502000_iOS.MOV 	00:04 – 00:19

2.7. Next, position each PDMS vasculature half on top of the tape in its own cell culture dish [1].
2.7.1. LAB MEDIA: 20240705_151237000_iOS.MOV 	00:11 – 00:21, 00:30-00:35

2.8. Place several 30 microliter drops of fibronectin along the PDMS vasculature using a micropipette. Tilt the PDMS as needed and use a pipette tip to evenly coat the surface [1-TXT].
2.8.1. LAB MEDIA: 20240705_151417000_iOS.MOV 	01:32 – 02:06
TXT: Fibronectin: 20 µg/mL

2.9. After a 30-minute incubation, aspirate the fibronectin solution from the PDMS then let the pieces air dry inside the cabinet [1]. Place 3D-printed plugs at each end of the PDMS vasculature halves to prevent cell suspension leakage, using two plugs per piece [2].
2.9.1. LAB MEDIA: 20240705_151739000_iOS.MOV 00:03 – 00:18, 00:27-00:36
2.9.2. LAB MEDIA: 20240705_151417000_iOS.MOV 00:10 – 00:22, 00:50-00:53

2.10. With a micropipette, seed 300 microliters of HLMVEC (H-L-M-V-E-C) cell suspension into each PDMS piece and incubate [1-TXT].
2.10.1. LAB MEDIA: 20240705_151953000_iOS.MOV 	00:20 – 00:35
TXT: HLMVEC: Human Lung Microvascular Endothelial Cells;
Incubation: 37 °C, 5% CO2

2.11. Then return the halves to the cabinet and remove the four plugs [1]. Add HLMVEC culture medium to submerge the PDMS vasculature halves and incubate again for 6 to 10 hours [2].
2.11.1. LAB MEDIA: 20240705_152211000_iOS.MOV 0	0:08-00:14
2.11.2. LAB MEDIA: 20240705_152211000_iOS.MOV 	00:47 – 01:02

2.12. Now, aspirate the HLMVEC media from the Petri dish containing the vasculature halves [1]. Place each PDMS half into the polycarbonate blocks, ensuring proper alignment [2].
2.12.1. LAB MEDIA: 20240705_153208000_iOS.MOV 	00:13 – 00:23
2.12.2. LAB MEDIA: 20240705_153417000_iOS.MOV 	00:15 – 00:32

2.13. Apply silicone sealant to the ends of the PDMS vasculature [1]. Insert inch-long tubing into both ends of the bottom PDMS piece [2]. Then flip the top acrylic block containing the top PDMS half onto the bottom acrylic block [3].
2.13.1. LAB MEDIA: 20240705_153313000_iOS.MOV	 00:02 – 00:11
2.13.2. LAB MEDIA: 20240705_153417000_iOS.MOV 	01:25 – 01:36
2.13.3. LAB MEDIA: 20240705_153417000_iOS.MOV 	01:40 – 01:48

2.14. Bolt the acrylic blocks together, ensuring the threaded block is on the bottom [1]. Plug the free ends of the tubing using 3D-printed plugs [2].
2.14.1. LAB MEDIA: 20240705_153417000_iOS.MOV 	01:50 – 02:00; 03:00 – 03:10
2.14.2. LAB MEDIA: 20240705_154009000_iOS.MOV 	00:00 – 00:17

2.15. Remove one plug and gently inject 500 microliters of HLMVEC culture medium into the vasculature using a micropipette. Tilt to remove air bubbles and then replace the plug [1].
2.15.1. LAB MEDIA: 20240705_154107000_iOS.MOV 	00:00 – 00:30

2.16. Bring the assembled chip and sterile components into the biosafety cabinet [1]. Connect all tubing and assemble the flow system, ensuring the inlet tubing connects to the bottom of the syringe reservoir to facilitate gravity flow [2].
2.16.1. LAB MEDIA: 20240705_165113000_iOS.MOV 	00:00 – 00:12
2.16.2. LAB MEDIA: 20240705_165350000_iOS.MOV 	00:10 – 00:37

2.17. Now, gently prime the flow system with HLMVEC medium [1]. Use a 50-milliliter serological pipette, inject 30 milliliters of medium into the top of the syringe reservoir and operate the peristaltic pump at low speed to fill tubing [2-TXT].
2.17.1. LAB MEDIA: 20240705_165451000_iOS.MOV 	00:00 – 00:18
2.17.2. LAB MEDIA: 20240705_165451000_iOS.MOV 	00:18 – 00:50
TXT: Continue adding medium until system is fully primed and free of air bubbles

2.18. Wash each PDMS vasculature half in PBS for 5 minutes, adding enough solution to fully submerge the vascular section [1].
2.18.1. LAB MEDIA: 20240705_171334000_iOS.MOV 	00:01 – 00:21

Results
3. Results 

3.1. The fluid simulation showed significantly elevated shear stress at vessel bifurcations in the pneumonectomy model compared to the control model [1]. 
3.1.1. LAB MEDIA: Figure 11. Video editor: Please emphasize B first and then A

3.2. Brightfield microscopy confirmed uniform HLMVEC cell attachment in both static [1] and flow conditions at 93.1 milliliters per minute after 24 hours [2].
3.2.1. LAB MEDIA: Figure 12. Video editor: Highlight the image labeled "A" 
3.2.2. LAB MEDIA: Figure 12. Video editor: Highlight the image labeled "B" 

3.3. Fluorescence imaging of the inlet bifurcation showed intact and well-distributed cell layers in both control and pneumonectomy models [1].
3.3.1. LAB MEDIA: Figure 13. Video editor: Emphasize A and the red box in the inset image then highlight B and the red square in the Inset image

3.4. Imaging immediately after the second bifurcation revealed substantial cell loss in both the control and pneumonectomy models [1].
3.4.1. LAB MEDIA: Figure 14. Video editor: Emphasize A and the blue box in the inset image then highlight B and the blue square in the Inset image

3.5. Cells remained adherent and showed consistent staining in the region downstream of the second bifurcation in both models [1].
3.5.1. LAB MEDIA: Figure 15. Video editor: Emphasize A and the green box in the inset image then highlight B and the green square in the Inset image

3.6. Uniform DAPI (da-pee)-stained nuclei in the vascular models indicated that confluence was maintained despite flow exposure [1].
3.6.1. LAB MEDIA: Figure 13-15. Video editor: Show only image B

3.7. An early control model trial resulted in uneven cell distribution due to air bubbles introduced during system priming [1].
3.7.1. LAB MEDIA: Figure 16. 


Pronunciation Guide:
Elastomer
Pronunciation link:
https://www.merriam-webster.com/dictionary/elastomer
IPA: /ɪˈlæstoʊmɚ/
Phonetic Spelling: ih-las-toh-mer

Centrifuge
Pronunciation link:
https://www.merriam-webster.com/dictionary/centrifuge
IPA: /ˈsɛntrəˌfjuːdʒ/
Phonetic Spelling: sen-truh-fyooj

Vasculature
Pronunciation link:
https://www.merriam-webster.com/dictionary/vasculature
IPA: /ˈvæskjələˌtʃʊr/
Phonetic Spelling: vas-kyuh-luh-choor

Fibronectin
Pronunciation link:
https://www.merriam-webster.com/dictionary/fibronectin
IPA: /ˌfaɪbroʊˈnɛktɪn/
Phonetic Spelling: fai-broh-nek-tin

Micropipette
Pronunciation link:
https://www.merriam-webster.com/dictionary/micropipette
IPA: /ˌmaɪkroʊpaɪˈpɛt/
Phonetic Spelling: my-kroh-pai-pet

Endothelial
Pronunciation link:
https://www.merriam-webster.com/dictionary/endothelial
IPA: /ˌɛndoʊˈθiliəl/
Phonetic Spelling: en-doh-thee-lee-uhl

Polycarbonate
Pronunciation link:
https://www.merriam-webster.com/dictionary/polycarbonate
IPA: /ˌpɑliˈkɑrbəˌneɪt/
Phonetic Spelling: pah-lee-kar-buh-nayt

Acrylic
Pronunciation link:
https://www.merriam-webster.com/dictionary/acrylic
IPA: /əˈkrɪlɪk/
Phonetic Spelling: uh-kri-lik

Serological
Pronunciation link:
https://www.merriam-webster.com/dictionary/serological
IPA: /ˌsɪrəˈlɑdʒɪkəl/
Phonetic Spelling: sih-ruh-lah-ji-kuhl

Peristaltic (as in peristaltic pump)
Pronunciation link:
https://www.merriam-webster.com/dictionary/peristaltic
IPA: /ˌpɛrəˈstɔltɪk/
Phonetic Spelling: peh-ruh-stawl-tik

Pneumonectomy
Pronunciation link:
https://www.merriam-webster.com/dictionary/pneumonectomy
IPA: /ˌnuːməˈnɛktəmi/
Phonetic Spelling: noo-muh-nek-tuh-mee

Fluorescence
Pronunciation link:
https://www.merriam-webster.com/dictionary/fluorescence
IPA: /flʊˈrɛsəns/ or /flɔˈrɛsəns/
Phonetic Spelling: floo-res-ens or flor-es-ens

Bifurcation
Pronunciation link:
https://www.merriam-webster.com/dictionary/bifurcation
IPA: /ˌbaɪfɚˈkeɪʃən/
Phonetic Spelling: bai-fer-kay-shun

Confluence
Pronunciation link:
https://www.merriam-webster.com/dictionary/confluence
IPA: /ˈkɑnfluəns/
Phonetic Spelling: kon-floo-uhns
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