Isolation of Primary Pulmonary Human Arterial Endothelial cells from Explanted lungs.
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Short Abstract: 

The pulmonary vessels provide a rich source for primary vascular cells.  Here, we describe a method for harvesting, growth and expansion of human pulmonary arterial endothelial cells from freshly isolated human pulmonary arteries dissected from explanted human lungs. 

Long Abstract:
Pulmonary endothelium plays an important role in vascular homeostasis and regulation of vascular tone. To investigate functions of pulmonary endothelium, methods have been developed to enable the culture of primary pulmonary endothelial cells.  Arterial endothelial cell culture models rely heavily on animal-derived endothelial cells from bovine or rodent sources1


[ ADDIN EN.CITE ,2]
.  The most common human endothelial cell culture system is derived from the human umbilical vein. Here, we provide a step-by step approach for a reliable method to isolate and culture human pulmonary arterial endothelial cells. In this protocol, explanted diseased lungs or donor lungs not used for transplantation are collected and pulmonary arterial branches dissected and exposed to collagenase. The endothelial cells are collected and seeded on fibronectin coated culture plates.  Specific heparin rich growth medium enriches for endothelial cell growth.  Endothelial cells obtained by this protocol have cobblestone phenotype, are immuno-positive for CD31 and Von Willbrand factor, and take up Dil-acetylated Low Density Lipoprotein. This method will give researchers an in-house method to obtain pulmonary arterial endothelial cells from different lung diseases and provides an important tool for studies on human pulmonary vascular diseases.
PROTOCOL

The pulmonary arteries run in parallel to the bronchi.  The pulmonary artery branch can be easily found in each lung, just posterior to the main stem bronchus. The wall of the pulmonary arteries is soft, whereas the bronchi have rigid, cartilaginous characteristics.

Maintain sterility to avoid contamination of cell cultures by performing all work using aseptic techniques in the sterile environment of a tissue culture hood.  All glassware and plastics used for cell culture should only be opened in a sterile work environment.

A. Dissection of pulmonary artery branches from explanted lungs.

Prior to collecting lungs and proceeding with the dissection of the pulmonary arteries, be sure that IRB approved consent is obtained.  

Universal precautions, Occupational Safety and Health Administration (OSHA) and institutional requirements should be followed, such as the use of gloves and eye protection.

1. Dissect the pulmonary artery branch from the right and/or left lung .

2. Place pieces of dissected artery in a conical tube containing Dulbecco’s Modified Eagle Medium (DMEM) with 1% Penicillin/Strepomycin/ Fungizone Solution (P/S/F) while continue dissecting of the pulmonary artery branches.
3. Wash the artery pieces 3 times with Hanks’Balanced Salt Solution (HBSS) to remove unwanted blood cells.
4. Place the artery pieces in new DMEM with 1% P/S/F Solution.
B. Coating Culture plates. 

The coating solution used for primary pulmonary arterial endothelial cells is fibronectin (1 mg/cm2).  The amount of fibronectin solution required is dependent on the area of the tissue culture plate.  For a 100mm tissue culture plate, 50ml of fibronectin in 1ml Dulbecco’s Phosphate Buffered Saline (D-PBS) is needed, whereas for 60mm tissue culture plate 15ml of fibronectin in 700ml of D-PBS is needed.

1. Pipette 1 ml of fibronectin coating solution (1mg/ml) in a 100mm tissue culture plate.

2. Swirl the tissue culture plate gently to coat the entire plate evenly as demonstrated.

3. Incubate the tissue culture plate at 37(C for 45 minutes to permit binding of fibronectin to the surfaces of the plate.

4. Remove the fibronectin gently; do not disturb the growth surface.


C. Harvesting of Pulmonary arterial endothelial cells.

Harvest pulmonary arterial endothelial cells will be plated in 100mm fibronectin coated tissue culture plates.

Preparation of Culture Medium, MCDB-107:

The following is added in 1L of sterile water: 14.8g MCDB-105, 90 mg heparin, 115 mg Endothelial Cell Growth Supplement (ECGS), 15.1 mg Glycine, 149 mg Potassium chloride (KCl), 10% Heat Inactivated Fetal Bovine Serum (FBS) , 1 % P/S/F. Adjust the pH of the medium to 7.3 with Sodium Hydroxide.

1. Place the artery piece in a tissue culture plate containing HBSS (Keep the artery moist at all times).
2. Remove excess fat and connective tissue.
3. The main artery is cut into 2 cm pieces, while the smaller arteries are cut into 3-4 cm pieces. 
4. Place the artery pieces in a conical tube and wash the segments 3 times with HBSS.
5. Transfer the artery pieces to a conical tube containing collagenase type II solution (2mg/ml D-PBS) to dissociate the endothelial cells from the vascular surface.

6. Place the conical tube in the incubator (37C, 5% CO2 with 90% humidity) for 20 minutes.

7. Massage the artery with a spatula and transfer the artery pieces into a new conical tube, which contains MCDB-107 as demonstrated. Keep the tube containing the dissociated cells. 

8. Add 2 ml of MCDB-107 to the tube containing cells. 

9. Gently shake the tube that contains the artery pieces. This allows for detachment of more endothelial cells from the vascular wall. (Note: vigorous shaking may cause fibroblasts contamination).

10. Discard the artery pieces from the tube.

11. Centrifuge the 2 tubes at 330g for 7 minutes at room temperature. 

12. Aspirate the supernatant and re-suspend the cell pellets in 3 ml of MCDB-107.

13. Combine the cell suspensions in one conical tube.

14. Seed the cells onto the pre-coated fibronectin tissue culture plate and add 4ml of MCDB-107 medium, therefore the total volume of media is 10 ml.
15. Place the tissue culture plate into the incubator (37C, 5% CO2 with 90% humidity) for 24 hours. 

16. Next day, gently aspirate the medium without disturbing the cells, and add 10 ml fresh MCDB-107 medium into the plate.  The adherent pulmonary arterial endothelial cells will form rosettes (Figure 1).  Non-endothelial cells may be seen at this point, but during the subsequent culture in the high heparin rich medium, these cells will slowly die.  

17. Place the tissue culture plate into the incubator (37C, 5% CO2 with 90% humidity) and change media every 3 days. Confluence reached in 5-10 days after seeding, pending on number of cells initially obtained. 

18. Infections, if present are usually apparent at day 3-5 of culture. Resistant organisms in certain cases may preclude successful cultures.
D. Subculture of human pulmonary arterial endothelial cells

All media and reagents need to be at room temperature.  A confluent tissue culture plate is usually split in the ratio 1 to 5.  Incubators should be maintained 37(C, 5% CO2, and 90%humidity.

1. Aspirate the medium from the confluent tissue culture plate and wash the tissue culture plate with 5 ml D-PBS.  Repeat twice. 
2. Aspirate the D-PBS, add 1 ml of 0.05% Trypsin into the tissue culture plate.

3. Incubate the cells for approximal 2 to 4 minutes and check the plate under a microscope to be sure that the cells have detached. Attention: leaving trypsin on for too long will damage the cells and reduce passage efficiency.
4. When cells have detached, add 5 ml of MCDB-107-medium into the tissue culture plate. Transfer cell suspension to a conical tube.

5. Centrifuge at 330g for 7 minutes.  A cell pellet will form at the base of the tube.

6. Aspirate the supernatant.

7. Re-suspend the pellet in 5 ml of MCDB-107-medium. Pipette gently up and down to disassociate the cell clumps.

8. Place 1ml into each pre-coated fibronectin tissue culture plates (see B) and add MCDB-107-medium as required (total of 10 ml medium for a 100 mm tissue culture plate and 3ml of medium for a 60mm tissue culture plate).

9. Cells grow to confluence (90-100%) in 100mm tissue culture dish in about 5-8 days.

E. Characterization of primary pulmonary arterial endothelial cells

The phenotype and quantification of the primary pulmonary arterial endothelial cells is performed after the cells are expanded.
The identification and phenotyping of the primary pulmonary arterial endothelial cell is established by light microscopy, immunohistochemistry, and uptake of 1,1’–dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine Dil-acetylated Low Density Lipoprotein (Dil- acetylated LDL).  The purity of the primary culture is quantified by flow cytometric analysis. 

 Morphological Immunohistochemistry analysis.

1. The pulmonary arterial endothelial cells are seeded on 3 different Lab Tek II chamber slide system. (Note, the chamber slide need to be fibronectin coated as described above)

2. After cells are attached to slides, one slide is stained directly Dil-acetylated LDL (15mg/ml) for 20 minutes.  The remaining slides are fixed for 15 minutes with 4% paraformaldehyde in phosphate-buffered saline (pH 7.4)

3. Rinse the slide 2 times in D-PBS for 1 minute each.

4. Stain slides with endothelial markers such as monoclonal mouse anti CD31 (dilution:1/30) and polyclonal rabbit anti-human von Willebrand Factor VIII-related antigen (VWF) (dilution:1/200).

Flow cytometric analysis

200-500x103 primary pulmonary arterial endothelial cells are needed per antibody stain.

1. Trypsinize a confluent 100mm tissue culture plate with 1 ml 0.05% trypsin as described in section D.

2. Transfer the detached cells into a 15 ml conical tube containing 4 ml of MCDB107 medium.

3. Disassociate cell clumps by pipetting cell suspension up and down.

4. Centrifuge at 500g for 5 minutes.


5. Re-suspend the cells in 1ml D-PBS containing 1% Bovine Serum Albumin (BSA) and 0.02% Sodium azide (NaN3).
6. Split the cells equally into 4 FACS tubes, labeled 1,2,3 and 4.

7. Centrifuge at 900g for 3 minutes. 

8. Aspirate the supernatant.

9. Add the following into each of the 4 specific tubes

Tube 1: 10 ml control IgG1-FITC

Tube 2: 10 ml anti-human CD31- FITC

Tube 3: 10 μl control IgG1-PE

Tube 4: 10 ml anti-human VEGFR2-PE

10. Vortex and incubate the tubes on ice for 30 minutes in the dark.

11. Add 500 ml wash buffer in each tube, centrifuge at 900g for 3 minutes, aspirate and add 250 ml FACSFlow.

12. Wrap samples in aluminum foil and store at 4˚C untill analyse.

F. Representative Results
Typically, 24 hours after the initial seeding, the cells display a typical “rosettes’ cobblestone” morphology under light microscopy (Figure 1).  However other cell populations are visible on the tissue culture plate (Figure 1).  The specific heparin- rich growth medium enriches the endothelial cell growth. The majority of pulmonary arterial endothelial cell express CD31 and VEGFR2 as demonstrated by FACS analysis (Figure 2, Table 1). Cells are immuno-positive for CD31 and Von Willebrand Factor, and uptake of Dil-acetylated LDL (Figure 3)3
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. Usually, passage 5-8 is used for experiments.
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Figure 1: Microscopic analysis of day 1 of primary pulmonary arterial endothelial cells.  Light microscopy image shows rossettes cobblestone morphology (A-B).  Cells outside the rosette structure are contaminated cells, and are more like fibroblasts (A, C).  Arrow shows contaminated cells.
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Figure 2: Flow cytometric analysis of endothelial cell surface antigen expression on pulmonary arterial endothelial cells. Confluent cell cultures were harvested by trypsinization and stained for the endothelial cell specific markers, CD31 and VEGFR2. Representative profiles for each staining is shown. Grey histograms indicate staining with isotype matched control antibodies.
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Figure 3: Phenotype of primary pulmonary arterial endothelial cells. [A] immunofluorescence for vWF (green). [B] CD31 (brown) by immunohistochemistry.  [C] Dil -acety​lated LDL  uptake (red).

Table 1: Purity of Primary Pulmonary arterial endothelial cells by FACS analysis
	
	Passage 1

(N=7)
	Passage 2

(N=14)
	Passage 3

(N=15)
	Passage 4

(N=13)
	Passage 5

(N=31)

	%CD31+
	73(10
	86(3
	86(3
	95(1
	97(1


DISCUSSION

In this study, we presented a detailed method for harvesting, culturing and expanding of primary pulmonary arterial endothelial cells. Our protocol differs from previous protocols5[]
 in that we are able to use fresh explanted lungs and eliminate the need for FACS sorting or magnetic beads to discardcontaminating cells such as fibroblast and smooth muscle cells.  The cells isolated by this procedure appear to give a relatively pure population (>95% at passage 5), which manifests characteristics of endothelial cells in vitro. The availability and purity of these cells provide a rich resource for molecular, genetic and biochemical studies on human pulmonary vascular diseases and provide a more economical and disease specific alternative to those available commercially. Successful achievement of this protocol has given the opportunity for multiple investigators to study the role of pulmonary endothelial cells in lung vascular diseases 3
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.

TABLE OF SPECIFIC REAGENTS AND EQUIPMENT

	Name of the Reagent
	Company
	Catalogue number

	MCDB-105
	Sigma
	M-6395

	Heparin
	Sigma
	H-3393

	Endothelial Cell Growth Supplement (ECGS)
	Sigma
	E-0760

	Collagenase Type II
	Worthington Biochem
	4174

	Fibronectin
	Cal biochem
	341631

	Trypsin
	Invitrogen
	25300-120

	IgG1-FITC
	Becton Dickson
	340755

	IgG1-PE
	Miltenyi Biotec
	130-092-212

	CD31-FTC
	BD Pharmingen
	557508

	monoclonal mouse anti-CD31
	Dako
	IR61061

	polyclonal rabbit anti-human von Willebrand Factor VIII-related antigen (VWF)
	Dako
	IR52761

	VEGFR2-PE
	R&D Systems
	FAB357P



	Dulbecco’s Modified Eagle Medium DMEM
	Invitrogen
	21063029

	Dulbecco’s Phosphate Buffered Saline (DPBS)
	Invitrogen
	14190136

	Hanks’Balanced Salt Solution (HBSS)
	Invitrogen
	14175-095

	Pen/Strep/ Fungizone
	Invitrogen
	15240-112

	Heat Inactivated Fetal Bovine Serum (FBS) 
	Lonzo
	14-503F

	1,1’–dioctadecyl-3,3,3’,3’-tetramethylindocarbocyanine Dil-acetylated LDL
	Invitrogen
	L3484

	100 mm tissue culture plate
	Corning
	430167
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