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SHORT ABSTRACT:
This protocol describes the collection of human aortic valves extracted during surgical aortic valve replacement procedures or from cadaveric tissue, and the subsequent isolation, expansion, and characterization of patient specific primary valve endothelial and interstitial cells. Included are important details regarding the processes needed to ensure cell viability and phenotype specificity. 

LONG ABSTRACT: 
Calcific aortic valve disease (CAVD) is present in nearly a third of the elderly population. Thickening, stiffening, and calcification of the aortic valve causes aortic stenosis and contributes to heart failure and stroke. Disease pathogenesis is multifactorial, and stresses such as inflammation, extracellular matrix remodeling, turbulent flow, and mechanical stress and strain contribute to the osteogenic differentiation of valve endothelial and valve interstitial cells. However, the precise initiating factors that drive the osteogenic transition of a healthy cell into a calcifying cell are not fully defined. Further, the only current therapy for CAVD-induced aortic stenosis is aortic valve replacement, whereby the native valve is removed (surgical aortic valve replacement, SAVR) or a fully collapsible replacement valve is inserted via a catheter (transcatheter aortic valve replacement, TAVR). These surgical procedures come at a high cost and with serious risks; thus, identifying novel therapeutic targets for drug discovery is imperative. To that end, the present study develops a workflow where surgically removed tissues from patients and donor cadaver tissues are used to create patient-specific primary lines of valvular cells for in vitro disease modeling. This protocol introduces the utilization of a cold storage solution, commonly utilized in organ transplant, to reduce the damage caused by the often-lengthy procurement time between tissue excision and laboratory processing with the benefit of greatly stabilizing cells of the excised tissue. The results of the present study demonstrate that isolated valve cells retain their proliferative capacity and endothelial and interstitial phenotypes in culture upwards of several days after valve removal from the donor. Using these materials allows for the collection of control and CAVD cells, from which both control and disease cell lines are established. 

INTRODUCTION: 
Calcific aortic valve disease (CAVD) is a chronic pathology characterized by inflammation, fibrosis, and macrocalcification of aortic valve leaflets. Progressive remodeling and calcification of the leaflets (termed aortic sclerosis) can lead to the obstruction of blood flow (aortic stenosis) which contributes to stroke and leads to heart failure. Currently the only treatment for CAVD is surgical or transcatheter aortic valve replacement (SAVR and TAVR, respectively). There is no non-surgical option to halt or reverse CAVD progression, and without valve replacement, mortality rates approach 50% within 2-3 years1-3. Defining the underlying mechanisms driving this pathology will identify potential novel therapeutic approaches. 

In a healthy adult, aortic valve leaflets are approximately one millimeter thick, and their main function is to maintain the unidirectional flow of blood out of the left ventricle4. Each of the three leaflets is comprised of a layer of valve endothelial cells (VECs) that lines the outer surface of the leaflet and functions as a barrier. VECs maintain valve homeostasis by regulating permeability, inflammatory cell adhesion, and paracrine signaling5-7. Valve interstitial cells (VICs) comprise the majority of cells within the valve leaflet8. VICs are arranged in three distinctive layers in the leaflet. These layers are known as the ventricularis, the spongiosa, and the fibrosa9. The ventricularis faces the left ventricle and contains collagen and elastin fibers. The middle layer, the spongiosa, contains high proteoglycan content that provides shear flexibility during the cardiac cycle. The outer fibrosa layer is located close to the outflow surface on the aortic side and is rich in Type I and Type III fibrillar collagen which provide strength to maintain coaptation during diastole10-12. VICs reside in a quiescent state, however, factors such as inflammation, remodeling of the extracellular matrix (ECM), and mechanical stress may disrupt VIC homeostasis8,9,13-16. With loss of homeostasis, VICs activate and acquire a myofibroblast-like phenotype capable of proliferation, contraction, and secretion of proteins that remodel the extracellular millieu17. Activated VICs can transition into calcifying cells which is reminiscent of the differentiation of a mesenchymal stem cell (MSC) into an osteoblast15,17-25.

Calcification appears to initiate in the collagen-rich fibrosa layer from contributions of both VECs and VICs but expands and invades the other layers of the leaflet8. Thus, it is clear that both VECs and VICs respond to stimuli to upregulate the expression of osteogenic genes, however, the precise events driving the activation of osteogenic genes, as well as the complex interplay between the cells and the extracellular matrix of the leaflet, remain ill-defined. Murine models are not an ideal source to study non-genetic drivers of CAVD pathogenesis, as mice do not develop CAVD de novo26,27, hence the use of primary human tissues and the primary cell lines isolated from these tissues is necessary. In particular, obtaining these cells in high numbers and good quality is imperative, as the field of 3D cell cultures and organoid modeling is expanding and is likely to become an ex vivo human-based alternative to murine models. 

The purpose of the present method is to share a workflow that has established the conditions to efficiently isolate and grow VECs and VICs obtained from surgically removed valves from human donors. Previous studies have showed successful isolation of VECs and VICs from porcine28 and murine valves29, to our knowledge this is the first to describe the isolation of these cells in human tissues. The protocol described here is applicable to human excised valves and greatly circumvents and improves the damage caused by the often-lengthy procurement time between tissue excision and laboratory processing by introducing the utilization of a cold storage solution, a buffered solution clinically utilized in organ transplants that greatly stabilizes cells of the excised tissue. The protocol described here also shows how to determine cell phenotype and guarantee high efficiency of cell survival with minimal cell cross-contamination.

PROTOCOL:
All patient samples are collected from individuals enrolled in studies approved by the institutional review board of the University of Pittsburgh in accordance with the Declaration of Helsinki. Cadaveric tissues obtained via the Center for Organ Recovery and Education (CORE) were approved by the University of Pittsburgh Committee for Oversight of Research and Clinical Training Involving Decedents (CORID).

1.	Approval and safety

1.1.	Obtain Institutional Review Board (IRB) approval or an exempt memo for any collection of patient samples or cadaveric tissues in accordance with the Declaration of Helsinki. 

1.2.	Take required institutional training to work with human tissues such as Bloodborne Pathogens Training, Biomedical Human Subjects Research, Privacy and Information Security, and Transportation and Shipping of Biological Materials.

2.	Logistics and preparation

2.1.	Surgical Samples

2.1.1.	Ensure that a refrigerator is available and located near the operating room. Keep 50 mL conical tubes pre-labeled with de-identified nomenclature containing 40 mL of sterile aliquots of cold storage solution in this fridge for use by surgical staff. These tubes are stable at 4 &#176;C until expiration date on the original package. 

2.1.2.	Upon extraction, place valve tissue in these tubes. Place the tubes in a sealed secondary container such as a leak-proof plastic bag or a plastic container that is labeled with a biohazard label. Tissues are picked up and transported on ice according to institutional protocols for transporting biohazards. 

2.2.	Cadaveric samples

2.2.1.	Submerge recovered organs in cold storage solution, place in a sealed secondary containment vessel, and transport on ice according to institutional protocols for transporting biohazards. 

3.	Reagents preparation

3.1.	Make collagen-coated plates at least the day before.

3.1.1.	In a 50 mL conical tube, mix 5 mL of isopropyl alcohol, 8.7 mL of acetic acid, and 0.5 &#181;g of collagen I powder. Bring up to 50 mL with sterile water. Mix and filter through a 0.45 &#181;m filter.

3.1.2.	Under a sterile cell culture hood, add enough collagen solution to 6 well plates and 10 cm dishes to just cover the entire bottom. Cover the plate and let sit for 4-6 h at room temperature. Remove the excess solution with a sterile pipette, place in a new sterile 50 mL conical tube, and save at 4 &#176;C to make additional plates. Solution can be stored at 4 &#176;C for several months. 

3.1.3.	Dry the plates in a 37 &#176;C incubator overnight, and subsequently store them in a resealable bag at 4 &#176;C. Collagen-coated plates and dishes can be stored for several months.

3.2.	Autoclave the following items: tissue forceps, tissue scissors, cotton swabs and gauze pads.

3.3.	VEC growth media: Prepare and use endothelial cell growth medium according to manufacturer’s protocols. Store in the dark at 4 &#176;C. Warm to 37 &#176;C just before use on cells, do not leave media in warming bath longer than necessary (10-15 min is sufficient).  Use the media within one month of preparation.

3.4.	VIC growth media: Supplement DMEM base medium (4.5 g/L glucose, L-glutamine supplement, 110 mg/L sodium pyruvate)30 with 10% heat-inactivated FBS and 100 I.U./mL penicillin and 100 &#956;g/mL streptomycin. Store in the dark at 4 &#176;C for up to 3 months. Warm to 37 &#176;C just before use on cells, do not leave media in warming bath longer than necessary (10-15 min is sufficient).   

3.5.	Make sterile rinsing solution just before use. Supplement sterile PBS with 2.5 &#181;g/mL fungicide, 0.05 mg/mL gentamicin and 5 &#181;g/mL bactericide.

3.6.	Make sterile collagenase solution just before use. Add 5 mg of collagenase II to 5 mL of sterile fresh DMEM base medium. Mix well and sterilize the solution by passing through a 0.45 &#181;m filter. Keep on ice until use. 

4.	Tissue preparation and processing

NOTE: Institutional approval for use of human tissues must be obtained prior to beginning work. While handling tissues, the following personal protective equipment (PPE) must be worn: a disposable liquid barrier wrap-around gown, or a dedicated button front lab coat with a liquid-barrier wrap around apron and disposable sleeve clovers; a full face shield, or safety glasses with a surgical mask; double gloves; close-toed shoes; and clothing to cover the legs. Comprehensive workflow diagrams of the tissue preparation for calcification assessment (Section 5) and cell isolation (Section 6 and 7) are illustrated in Figure 1A,B respectively.

4.1.	Upon receipt of cadaveric organ specimen, excise the aortic root and submerge in a 50 mL conical tube of sterile rinsing solution. Upon receipt of surgical specimen, remove from transport vessels and submerge in a 50 mL conical tube of sterile rinsing solution. Place tube containing the tissue in ice bucket on rocker and mix for 10 min at room temperature (RT).

NOTE: Processing tissues as close as possible to the time of extraction will yield the best cell recovery, however viable cells can be collected upwards of 61 h post excision, and data show that VICs are more robust than VECs as time increases. If tissue cannot be processed immediately, when possible, remove tissue, perform step 4.1, and then put the tissue back in fresh sterile cold storage solution and keep at 4 &#176;C until ready to proceed. Valves collected during night or weekend surgeries can be stored in 40 mL cold storage solution at 4 &#176;C and still are able to yield viable cells more than 2 days post extraction.

4.2.	Spray down tubes with 70% ethanol and move to a sterile hood. Remove tissue and excise two valve leaflets (Figure 2A). Place one leaflet in a cryogenic vial (or 2-3 vials if several smaller pieces are needed for future analysis) and snap freeze by dropping in liquid nitrogen then store at -80 &#176;C. 

4.2.1.	If the valve is bicuspid, excise only one leaflet. Using scissors, cut the leaflet in half from the nodule to the hinge. Use one half of the leaflet for snap freezing and the other half for step.

4.3.	Process the second leaflet for paraffin embedding to assess calcification content by cutting it in half from nodule to hinge. Place both pieces in a cassette that is submerged in 4% paraformaldehyde (PFA), then place on a rocker at RT for a minimum of 2 h but no more than 4 h. 

NOTE: Longer fixation times create more background with immunofluorescent staining. Once steps 4.2 and 4.3 are performed, move immediately to Section 6 and come back to step 4.4 after step 6.12.

4.4.	After fixation, wash the tissues by submerging in fresh PBS for 1 h 3-4 times. After these washes, samples can stay in PBS at 4 &#176;C for several months if needed. Proceed to next step just before embedding.

NOTE: The protocol workflow presented here unbiasedly selects one leaflet for VECs and VICs isolation, while the remaining leaflets are utilized for Von Kossa staining (Section 5) and snap freezing. 

4.5.	Gradually change from PBS to 70% ethanol. Wash 30-60 min each step with 1:4 70% ethanol:PBS; 1:1 70% ethanol:PBS, 4:1 70% ethanol:PBS; 70% ethanol.

4.6.	Embed the tissue such that sections will reveal the three layers of the leaflet (Figure 1A) according to established protocols31. Alternatively, and if available, bring the tissue to a pathology core for embedding and cutting. 

4.7.	After handling tissues, dispose or store PPE as appropriate and wash hands immediately. Decontaminate all equipment, surfaces, and solid and liquid wastes with a 1:10 dilution of bleach or detergent disinfectant. Allow 20 min for decontamination, then follow with a 70% ethanol rinse. Treat the cell culture hood with mycoplasma spray according to manufacturer’s instructions.

5.	Von Kossa staining for calcium content 

NOTE: This can be done well after cell isolation and line establishment but be sure to link the calcification level of the tissue to documents pertaining to the primary cell line established.

5.1.	Cut 5 or 10 &#181;m thick paraffin slices onto glass slides and bake slides at 65 &#176;C for 1 h, then cool to RT. 

5.2.	Using fresh solutions, deparaffinize slides by submerging as following: 100% xylene for 30 min, 2x; 100% ethanol for 3 min, 2x; 100% ethanol for 3 min; 90% ethanol for 3 min; 80% ethanol for 3 min; 70% ethanol for 3 min; 50% ethanol for 3 min; ultrapure water for 3 min; keep in ultrapure water until next steps. 

NOTE: Times above are minimum, each step may go longer.

5.3.	Proceed with Von Kossa staining according to manufacturer’s protocols. 

5.4.	Assess full valve area microscopically and assign a control tissue (no sign of calcification) or CAVD (any evidence of calcification, Figure 2B).

6.	Valve Endothelial Cell (VEC) isolation, expansion, and confirmation

6.1.	In a sterile cell culture hood, open the conical tube containing the remaining valve leaflet and place the leaflet in a new 50 mL conical tube filled with ice cold PBS. Cap tube and gently invert or place on a rocker for 2 min at RT.

6.2.	Remove tissue to a 60 mm dish filled with 5-7 mL of cold collagenase solution. Using forceps, dip both sides of the leaflet in the solution 3-4 times. Incubate the tissue for 5-10 min in the cell culture incubator at 37 &#176;C, rocking gently 3-4 times tissue every 2 min.

6.3.	Remove 2 mL of the solution from the dish and place in a sterile 15 mL conical tube. Place forceps at the nodule and use a dry sterile cotton swab to swipe from the forceps to the hinge, twirling the swab while moving it along the leaflet. Between each swipe, swish the swab in the solution in the 15 mL conical tube to remove the cells. Repeat to fully swab the surface of the tissue, then flip over and repeat on the other side. 

6.4.	Holding the valve leaflet with forceps in one hand, and a 1 mL pipette in the other, rinse the surfaces of the leaflet with the solution in the dish. Once rinsed, transfer all the solution containing the VECs in the dish into the same 15 mL conical tube with the cells from the swab and proceed to Step 6.5. Place the remaining valve tissue in a new 15 mL conical tube with 7 mL of sterile collagenase solution and proceed to Step 7.1.

6.5.	Centrifuge the tube containing the VECs at 180 x g for 5 min to pellet the isolated VECs. Aspirate the supernatant and resuspend in 3 mL of VEC growth media. Centrifuge one more time and remove the supernatant. Resuspend the cells in 1 mL of growth media and determine the number of cells using a hemocytometer and trypan blue.

6.6.	Resuspend VEC pellet in 2 mL of VEC growth media and plate the cells in a collagen pre-coated well of a 6 well plate at approximately 5 x 105 cells/cm2. Let the cells grow at least 3-4 days, then remove media and replenish with fresh media. Repeat media changing every 4 days. VECs will grow in cobblestone shaped patches (Figure 3B, left panels).

6.7.	When VEC patches cover >80% of the plate, split cells at about 1.3 x 104 cells/cm2 depending on how fast they grow (if they reach 80% in less than 1 week split a slightly lower number of cells/cm2). 

6.8.	To split, wash cells two times with 2 mL DPBS then add enough dissociation reagent to just cover the surface of the cells. Incubate for 2-3 min at 37 &#176;C, checking to make sure cells are not over incubated. Stop digestion by adding equal volume of VEC growth media and transfer liquid to a 15 mL tube. Centrifuge at 180 x g for 5 min, remove supernatant, and resuspend in appropriate volume of media for number of wells/plates needed.

NOTE: Once expanded into a 10 cm plate VECs may sometimes lose their morphology and change phenotype as they proliferate. This tends occurs when VECs are seeded at a low confluency during the establishment and expansion of the cell line. 

6.9.	To guarantee a pure culture consider utilizing CD31+ superparamagnetic beads with every splitting.

6.10.	For 1 x 108 or fewer cells (one 10 cm dish or less), prepare 25 &#181;L of superparamagnetic beads by washing according to manufacturer’s protocols. 

NOTE: Step 6.10 is recommended to be performed before trypsinization of VECs.

6.11.	Detach cells as in step 6.8 but resuspend in 500 &#181;L of PBS with 0.1% BSA, pH 7.4, and place in a 2 mL centrifuge tube. Add 500 &#181;L of washed and resuspended beads to the 2 mL tube of cells and incubate on a rotator for 20 min at 4 &#176;C.

6.12.	Place tubes on the magnet for 2 min. While tube is still in the magnet, carefully remove supernatant. Remove tube from magnet, add 1 mL fresh PBS with 0.1% BSA, pipette gently 2-3 times, then place back on magnet for 2 min. Repeat 2 more times. After final removal of buffer, resuspend cells in growth media in volume needed for replating. 

NOTE: Cells will still have beads, but these will not affect growth and will be removed in subsequent passages. 

6.13.	Once cells have been expanded, in addition to morphology, confirm VEC phenotype by positive staining for immunofluorescent markers such as von Willebrand factor (vWF), cadherin 5 (CDH5), or PECAM-1/CD31, and negative to VIC markers such as calponin 1 (CNN) or alpha-2 smooth muscle actin (&#945;SMA, Figure 4, left panels). 

7.	Valve Interstitial Cell (VIC) isolation, expansion, and storage

7.1.	As stated in step 6.4, after removing VECs from the valve tissue, the leaflet in placed in a 15 mL conical tube with 7 mL collagenase solution. Incubate for 12 h in the cell culture incubator with the cap slightly open to allow gas exchange. Successful isolation of VICs can still occur with up to 18 h in collagenase solution.

7.2.	After incubation, in a sterile cell culture hood, mix the tissue gently by pipetting with a serological pipette to ensure the release of VICs from the leaflet tissue. 

7.3.	Remove cell suspension and pass through a 0.70 &#956;m filter into a 50 mL conical tube. 

7.4.	Add 7 mL of VIC growth medium to the 50 mL tube and centrifuge at 180 x g for 5 min. Aspirate supernatant and resuspend cell pellet in 1 mL of VIC growth media and determine the cell number. Plate the VICs in a 60 mm tissue-culture treated dish at 1.3 x 104 cells/cm2.

7.5.	Let the cells grow at least 1-2 days before replacing media. Remove media and wash twice with PBS to remove residual debris and replace with fresh growth medium. Replenish medium every 2-3 days. VICs will grow in fibroblast shape (Figure 3B, right panels).

7.6.	When VICs reach a confluency of >90%, wash twice with DPBS to remove the excess media and detach the cells by adding appropriate volume of pre-warmed dissociation reagent to cover the plate (i.e., 2-3 mL per 10 cm dish). Incubate the dish in a 37 &#176;C incubator. VICs will detach from the dish after 2-3 min of incubation. Add 4-6 mL of pre-warmed media. 

NOTE: If cells take longer than 3 min to lift off the plate, the dissociation reagent may have lost potency. If needed, a cell scraper may be used to gently lift the cells. 

7.7.	Transfer the cell suspension to a tube and gently centrifuge at 180 x g for 5 min. After removing the supernatant, gently resuspend the cell pellet in pre-warmed VIC growth media and determine the number of viable cells by using a hemocytometer and trypan blue. Seed the viable cells at a 1:2 density of the original dish (i.e., ~ 1 &#215; 106 cells per 10 cm dish or 1.3 x 104 cells/cm2). 

7.8.	Assess VIC phenotype by positive staining for immunofluorescent markers such as &#945;SMA, CNN, or SM22&#945;and negative staining for VEC markers such as CD31, CDH5, or vWF (Figure 4, right panels).

8.	Long-term cell storage

8.1.	Once expanded, freeze cells down for long-term storage. Wash cells twice with 2-5 mL DPBS then add enough dissociation reagent to detach cells as in steps 6.8 and 7.6. Stop digestion by adding equal volume of VEC or VIC growth media and transfer cell suspension to a 15 mL tube.

8.2.	Determine the number of viable cells by using a hemocytometer and trypan blue.

8.3.	Centrifuge at 180 x g for 5 min.

8.4.	Resuspend cells in chilled conditioned growth media to a cell density of ~ 3 &#215; 106 cells/mL.

8.5.	Gently with swirling, add an equal volume of chilled 2x cryopreservation medium. This will bring cell concentration to ~ 1.5 &#215; 106 cells/mL.

8.6.	Aliquot 1 mL into cryopreservation vials. Place vials in a cell freezing container, close, and invert 5-6 times to ensure cells remain suspended. Place container at -80 &#176;C for 6-72 h or according to freezing container protocol. Remove vials from -80 &#176;C and transfer to liquid nitrogen for long term storage. 

REPRESENTATIVE RESULTS: 
The above protocol outlines the steps necessary for the handling of human valve tissues and the isolation and establishment of viable cell lines from these tissues. Leaflets of the aortic valve are processed for paraffin embedding, snap frozen for long term storage for biochemical or genetic analysis and digested for the isolation of VECs and VICs (Figure 1). While surgical specimens will likely have a clinical diagnosis of aortic stenosis and may exhibit heavy nodules of calcification that can be visible with the naked eye, aortic valve calcification is present in a significant number of elderly (>65 years old) individuals32, and because of this prevalence all tissues – surgical and cadaveric – are subjected to Von Kossa staining or similar procedure to assess whether calcification is present (Figure 2). 

It was found that use of cold storage solution greatly stabilized the cells of the excised valve tissue. Cold storage solution is used in live organ transplants. It is flushed through organs either before or after removal from the donor and left in the vasculature of that organ during transportation on ice. It was observed that VEC lines were more readily established from donor specimens than surgical tissues, and the donor lines were more likely to retain their endothelial cell morphology for more passages. This was perplexing, as donor tissues would often not reach the lab for 12-24 hours postmortem while surgical tissue was obtained between 2 h and 4 h. Upon packing the surgical specimen tubes with cold storage solution instead of PBS, cell recovery greatly increased. As seen in Figure 3, both viable VECs and VICs can be obtained upwards of 61 hours post valve extraction. While a slightly higher percentage of live VICs are obtained than VECs when cells are isolated up to a day after valve excision, cells remain viable after 48 hours post excision. Up to 40% of the total recovered cells correspond to alive cells and we have observed consistent figures between biological replicates. Further, morphology inspection also confirms cell identity; while VECs appear as packed, cobblestone-like and growth contact-inhibited cells, VIC morphology is similar to myofibroblasts with a spindle shape. Immunostaining of the specimens confirmed that 91.8% &#177; 1.8 (n = 3) of expanded VECs were positive for the endothelial marker vWF whereas 92.0% &#177; 5.0 (n = 3) of expanded VICs were positive for the interstitial cell marker αSMA (Figure 4). These figures are in line with results reported previously33. 


Figure 1: Valve tissue processing and cell isolation from human control and CAVD valves. (A) Schematic representation of tissue processing for assessment of calcification levels of the valves. (B) Schematic representation of the time course and steps for the isolation and characterization of human valve endothelial cells (VECs) and valve interstitial cells (VICs) from control and CAVD tissues.

Figure 2: Assessment of Calcification. (A) Representative image of control (top) and calcified (bottom) valve tissues from human donors. Note the calcification nodules of the CAVD tissue can severely alter morphology and the ability to cleanly excise the leaflets. (B) Representative Von Kossa staining of control (left) and CAVD (right) valve tissue after fixation and further processing of the human valve tissue. Note calcification is revealed by the presence of dark precipitation in the leaflet tissue. Valve images were capture with a lab camera. Von Kossa stained valves were captured with a 10x objective, scale bar 200 &#181;m.

Figure 3: Assessment of Cell Survival (A) VECs and VICs survival curves. Three leaflets were obtained from five valve specimens. The first leaflet from each valve was processed immediately (3-12 h post extraction), the second leaflet was processed approximately 24 h later (22-35 h), and the third leaflet was processed approximately 48 hours after obtaining the tissue (45-61 h). Valves leaflets were kept in cold storage solution at 4 &#176;C until they were processed. The y-axis represents the percentage of live cells. (B) Morphology of healthy cultures of VECs (left panels) and VICs (right panels). Graphs show mean &#177; SD live cell proportion of cells isolated from n = 5 valve tissues. Images were captured with a 4x and 10x objective, scale bars 200 &#181;m and 100 &#181;m, respectively. 

Figure 4:  Representative immunofluorescent staining on VECs and VICs. VECs are positive for the endothelial marker von Willebrand Factor (vWF, left panels) whereas VICs are positive for the interstitial marker αSMA. Note our isolation protocol guarantees a high isolation efficiency; no cross-contamination between VECs and VICs is detected. Images were captured with a 10x objective, scale bar 100 &#181;m.

DISCUSSION: 
Obtaining control and disease tissues from humans is critical for in vitro and ex vivo disease modeling; however, while one often speaks about the challenges of bridging the gap between bench to bedside, the reverse order – going from the surgical suite to the bench – is often just as daunting a gap. Essential for a basic scientist to obtain primary human tissue specimens is a collaboration with an invested surgeon scientist who has a team of nurses, surgical technicians, physician assistants, medical students and residents, and clinical protocol managers who can enroll and consent patients, participate and assist in the proper handling of excised tissues, and coordinate the logistics required for tissue pickup. Without the utmost effort from everyone involved to reduce the time from excision to cell isolation, vital cellular material and the information it contains will be irreparably altered or lost. 

Critical to maintaining viability of the tissue specimens is the use of cold storage solution. This is the same solution used by the organ transplant teams at UPMC and other transplant medical centers. Better cell yield was obtained from cadaveric tissues that had been excised from the donor many hours beforehand than from tissues obtained more quickly from the operating room but kept in cold PBS. This accidental discovery has been essential for cell procurement from human tissues. Procurement time from tissue excision to delivery in the laboratory ranges from 1-5 hours for surgical tissue and upwards of 24 hours for cadaveric tissue. In comparison, procurement and processing of animal tissues can often be done within minutes of euthanasia, which is ideal for cell viability. In the absence of cold storage solution, it is likely that a medium suitable for the culturing of cells could also perform better than PBS, however this medium was not tested herein due to the success of the cold storage solution in live organ transplantation and to the receipt of cadaveric tissues in this solution. The solution is shelf-stable which is ideal for storage in operating rooms, and specific ingredients such as adenosine are known to promote beneficial responses to cellular stresses such as ischemia/hypoxia21,34.

Another essential step to obtaining viable cells is washing the tissues with fungicide, gentamicin, and bactericide. This short rinse helps to ensure that cells remain uncontaminated by bacteria and fungus. Equally critical are the steps to digest VECs out of the valve tissue, where in the span of just a few minutes, the VECs are detached and then swabbed off the surface of the valve leaflets. The subsequent digestion of the VICs that reside on the dense extracellular matrix of the leaflet has much more wiggle room for duration and strength. The unbiased tissue treatment described in this protocol allows the isolation of the main two cell populations present in the valve leaflet, VECs and VICs. Although a recent single cell transcriptome analysis has shown the co-existence of at least fourteen different cell subtypes residing in the human valve, including six non-valve derived stromal cells in CAVD tissue35, this diversity may represent variations due effects from processing and digesting these hardened tissues, or it may be due to different microenvironments to which the leaflet cells are exposed: VECs are exposed to two different blood flows while VICs are embedded in three different extracellular matrix stratums8,9. The large-scale isolation protocol and analysis described herein ensure that over 90% of VECs and VICs correspond to their main phenotype. Although a degree of heterogenicity may be found, it does not affect the general outcomes of the study of VEC and VIC homeostasis8,9,13-16.

It is also important to note that patients and their valve tissues, and thus the cell lines procured from them, are not identical. Genetics, co-morbidities, handling during surgery and processing, and freshness of digestion solution ingredients may affect the growth rate and even perhaps the behavior or phenotype of the cells isolated. While the present study demonstrates the ability to yield a sufficient number of viable cells with this procedure, there may be innate or induced differences in these cell lines that may impact downstream experimentation. It is often difficult to know precisely the time since the tissue has been removed from the patient or donor, and particularly in the case of the latter, the time since circulation has stopped. Further, there is inherent variability among tissues regarding the number of viable valve cells obtained, the proliferative capacity of the cells, and the retention of cell phenotype. Cell lines may harbor genetic mutations – either congenital or somatic – of which the physician and research team are unaware, and the remodeling and subsequent handling of the tissues may also modify the cell phenotype or even epigenetics. As such, for all experiments in which these primary human cells are used, it is absolutely essential that biological replicates – i.e., cell lines obtained from different patients – be used, despite the substantial time and cost they incur. This helps ensure that any results are not due to confounding effects from the procurement and processing of the tissue. The variable proliferation rate of different cell lines can be adjusted for by either collecting cells in experiments at different times or seeding cells for experiments at different densities; no one answer is best for all experimental designs. While the complications are not insignificant, the use of primary human control and CAVD tissue-derived cell lines for in vitro and ex vivo experimental models is essential for defining the initiating factors and propagating processes that drive CAVD pathogenesis. 
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