Prepared by Robert Maidhof (rtm2001@columbia.edu), May 2009

Protocol:
A.  Channeled scaffold preparation: laser cutting and scaffold sterilization
1. Using a CAD program such as Correldraw, sketch the channel dimensions (250µm diameter, 500µm wall to wall spacing) to be laser pierced and “print” this to the laser.
2. Secure the PGS disk to the bottom of a plastic 60mm dish with tape and align the laser so that the center of the pattern is approximately at the center of the PGS disk.

3. Adjust the laser power to 5% and 1000PPI and then start the cutting.
4. Remove the channeled PGS disk and punch out scaffolds using an 8mm biopsy punch.

5. Place scaffolds in a beaker, then autoclave for 20 minutes at 121˚C.  When finished, use sterile forceps to transfer scaffolds between sterile solutions of 75%, 50%, and 25% ethanol and PBS, leaving them to soak for 15 minutes in each.

6. Coat scaffolds with laminin by soaking in a 10µg/ml solution for 2 hours.  Rinse in sterile water to remove excess laminin, then leave scaffolds in culture medium overnight prior to use.

B. Neonatal rat cardiac cell isolation

1. Prepare the trypsin solution by weighing 15mg of the enzyme per 25ml of the solution needed and place in a 50ml conical tube.  The amount of trypsin solution needed for the overnight digest depends on the number of pups being used (see chart below).  Prepare accordingly.  
	# of pups
	Volume of Trypsin Solution

	10-20 pups
	25ml

	30-40 pups
	50ml

	50-60 pups
	2 x 50ml


2. Add warm HBSS to the conical tube and allow the trypsin to dissolve completely into the solution. 

3. Sterilize the trypsin solution by pouring through a filtration unit.  Label the bottle “TRYPSIN” and keep in the refrigerator or on ice until ready for use. 
4. Place a layer of ice in the bottom of a tray, and cover the ice with one layer of paper towels.  Gather the pups from their mother and place them on top of the paper towels in the tray.  Loosely cover them with another layer of paper towels.
5. Excise a whole heart from the rat and place it in cold HBSS buffer.  Repeat for the rest of the remaining litters.
6. Once all the hearts have been excised and placed in a conical tube of cold HBSS solution, gently swirl the tube and transfer the hearts to a clean 100mm Petri dish with cold HBSS (on ice).  Use forceps to remove any additional blood clots in the solution.
7. Remove the left and right atrium and blood vessels on the superior portion of the heart by using small scissors and forceps.  Place what’s left of the heart into a new 100mm dish filled with cold HBSS.  Repeat this step for all the hearts.  
8. Quarter remaining heart ventricles and remove any blood clots that may have formed in the chambers of the left ventricle or right ventricle.  Transfer the quartered hearts into a new 100mm dish filled with cold HBSS on ice.  
9. Wash the quartered hearts in cold HBSS buffer by swirling with a perforated spoon.  Transfer the hearts into the bottle of cold trypsin.  
10. Secure the bottle of trypsin on an orbital shaker and place in the refrigerator overnight, with gentle shaking at 30-40 revolutions per minute.
11. The next day, prepare a Culture Medium solution, with DMEM + 10% FBS, 1% Pen-Strep, 1% HEPES.  Place the culture medium in the 37 ºC water bath until needed.  
12. Prepare a Collagenase solution, by weighing 50mg of the enzyme per 50ml of the solution needed.  

	# of pups
	Volume of Collagenase Solution

	10-20 pups
	50ml

	30-40 pups
	50ml

	50-60 pups
	2 x 50ml


13. Add warm HBSS to the conical tube and allow the collagenase to dissolve completely into the solution.  
14. Sterilize the collagenase solution by pouring through a filtration unit.  Label the bottle “COLLAGENASE” and keep in the hood until ready for use.  
15. Stop trypsin digestion by adding 10ml of cardiac growth medium followed by incubation at 37 ˚C for 4 min with shaking at 120 rpm.

16. After discarding supernatant, add 10ml of cold HBSS, and discard supernatant again.  

17. Add 10ml of collagenase solution to the tissue and incubate at 37˚C for 4 min with shaking at 150-160 rpm. 

18. Collect the cell suspension from the digestion (put in a tube labeled “CELLS” and keep on ice).  

19. Add 10ml of HBSS buffer to the tissues and collect the supernatant again in the tube labeled “CELLS”

20. Add 10ml of collagenase solution to the tissue and incubate at 37˚C for 5 min with shaking at 150-160 rpm.
21. Collect the cell suspension from the digestion (put in a tube labeled “CELLS” and keep on ice).  

22. Add 10ml of HBSS buffer to the tissues and collect the supernatant again in the tube labeled “CELLS”

23. Repeat steps 19-22 until no more tissue remains.  Usually this involves no more than 5 digestions.  As the tissue dissociates, use smaller volume pipettes in order to help break the tissue and separate the cells and tissue more efficiently.
24. Pool cell suspensions into four 50ml tubes (distribute evenly) and raise the total volume of each tube to 50ml with cold HBSS.  Centrifuge at 700 rpm for 10 minutes, aspirate all but the bottom 10ml loose pellet, and then wash the cell pellet with 25ml of cell culture medium to remove residual collagenase.
25. Recentrifuge at 1200 rpm for 4 minutes (to form tighter pellet), then remove all supernatant.

26. Resuspend the cells in an appropriate amount of culture medium.  The volume of the medium needed depends on the number of culture flasks needed (see chart below).  

	# of pups
	# of T150 Flasks
	Volume of Culture Medium Solution

	10-20 pups
	1
	20ml

	30-40 pups
	2
	40ml

	50-60 pups
	3
	60ml


27. Add 20ml of cell suspension into each flask and place them in the incubator.  Allow the cells to pre-plate for 1 hour to remove fibroblasts.  

28. Remove flasks from the incubator and collect cell suspension (keep on ice).  Add 20ml medium to each flask and label each “Cardiac Fibroblasts.”  
29. Determine cell number and viability of cardiomyocytes by hemocytometer counts using trypan blue to exclude any dead cells. This protocol typically yields about 3-4 million cells per heart.
C. Perfusion seeding loop assembly and scaffold seeding

1. Sterilize the following components for each perfusion seeding loop: two perfusion cartridges, two gaskets (made of platinum-cured silicone with 8mm outer and 5mm inner diameter and 5mm tall), and two pieces of Tygon tubing (3/16” inner and 5/16” outer diameter and 35cm in length) and one piece of PharMed BPT tubing (1/4” outer and 1/8” inner diameter and 12 cm in length) with luer connectors on each end.

2. Place the sterilized components into the hood.  Assemble the perfusion cartridges using sterile gloves and tweezers by placing two sterilized scaffolds at the bottom of each cartridge followed by a gasket to hold the scaffolds in place.  Close the cartridges by attaching the tops.

3. Prepare three three-way stopcocks and attach one injection site to each of them.

4. Assemble the tubing, the three-way stopcocks, and the cartridges in a U-tube configuration with one of the stopcocks between the two cartridges, and place sterile filters at the top of each of the clear Tygon tubes.  From this point on the system is closed and sterile.

5. Attach the assembled loop to a lab stand using clamps so that the U-tube and the cartridge inlet and outlet are aligned vertically.  Using a 10ml syringe with an attached cannula, inject 4ml of cardiac medium through the injection site into one of the clear Tygon tubes.

6. With an empty 10ml syringe attached to one of the filters, gently pull the medium until the two cartridges are filled.  De-bubble the system by gently pushing or pulling on the medium.

7. Prepare four 0.75ml aliquots of cell suspension with 3.3 x 106 cells per aliquot.  Using a sterile syringe and attached cannula, inject one of the aliquots above each cartridge and the remaining two aliquots into the space between the cartridges.

8. Transfer the lab stand and perfusion loops into an incubator and attach pump tubing to the filters.  Apply a flow rate of 0.0176ml s-1 (1000µm s-1 linear flow velocity) in either direction.

9. When the descending medium level reaches one of the stopcocks, reverse the direction of flow.  Repeat this for the 2 hour duration of the seeding process.  We use a LabVIEW program to automate this step.

10. Remove the system from the incubator and carefully disassemble the cartridges to remove the seeded scaffolds for placement in an appropriate culture bioreactor.

Materials
Collagenase type II – Worthington, cat. No. CLS-2

DMEM – GIBCO, cat. No. 11965

Ethanol 100%

Hank’s balanced salt solution (HBSS) – GIBCO, cat. No. 14170-112

1 M HEPES – GIBCO, cat No. 15630

Penicillin (GIBCO)

Trypsion, from bovine pancreas powder – Sigma, cat. No. T4665

10ml syringes – Fisher, cat no. 14-823-2A

Three-way stopcocks – Medex, cat. No. MX9311L

8mm biopsy punch – Acuderm, cat. no. P825

0.2µm filters – Nalgene, cat no. 190-2520

Injection site rubber septum – Baxter, cat. no. 2N3399

Laser cutting/engraving system - VersaLaser

Luer connectors (McMaster-Carr)

Moira spoon

Perfusion cartridges

Peristaltic pump – Ismatec

PharMed BPT tubing - Cole-Parmer, cat. no. EW-96880-06

Pump tubing, PharMed – Cole-Parmer, cat no. 95706-26

Tygon tubing – McMaster, cat. no. 5103K13

