Homing of cardiac progenitor cells to ischemic heart via hypoxic preconditioning 
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Short Abstract

We demonstrate in the video a method for isolating, culturing and preconditioning cardiac progenitor cells from mouse hearts. We also show how to transplant CPCs intravenously via jugular vein injection. 
Long Abstract
Ischemic heart attacks remain the leading cause of death worldwide. Resident cardiac progenitor cells (CPCs) are particularly suitable for cardiomyocyte replacement because they are endogenous components of the adult heart and responsible for the physiological and pathological heart repair1-4. Although CPCs seem to be the obvious choice for cell-based cardiac repair, the success of isolation of CPCs and homing capacity of CPCs in vivo are quite limited because of extremely low frequency of CPCs in adult heart, and lack of activation of main cell homing signaling pathway. To overcome these limitations, we developed a two-step protocol for CPC isolation5, and used hypoxia treatment to activate cell homing signaling pathway6. Our protocol can help us generate a sufficient number of cells for transplantation purpose, and increase cell retention in the ischemic myocardium to maximize CPC regenerative potential.

 
Protocol Text
Two step protocol to isolate and culture of cardiac progenitor cells
1. Begin the protocol by harvesting adult mouse heart.
2. Mince it into small pieces (1x1mm2) in DMEM.
3. Use a mixture of 0.125% trypsin and 0.1% collagenase solution to digest minced tissue in 50ml tube, shake the tube at 50rpm, 37°C for three times (5 min each time). 
4. Remove the supernatant, and culture the remaining tissue fragments in complete medium (DMEM with 10% fetal calf serum (FBS), 100U/mL penicillin G, 100ug/ml streptomycin, 2 mmol/L L-glutamine, and 0.1mmoL/L 2-mercaptoethanol) at 37°C and 5% CO2. We will see many small, phase-bright cells migrating from heart explants at about one to two week after tissue explanting depending on age of mice. 
5. Use D-Hanks to wash the lose attached round, bright cells, then centrifuge to collect them.
6. Seed newly isolated cardiac progenitor cells at Matrigel coated dishes, and culture with following cell growth medium (DMEM/F12, 10% FBS, 200 mmol/L L-glutamine, 0.1 mmol/L β-mercaptoethanol, 1% nonessential amino acids, 1000 units/ml LIF, and 5 ng/ml basic fibroblast growth factor (bFGF)).
7. Modify cells with lentiviral vector to label cells with enhanced green fluorescence protein (eGFP) under the control of an internal ubiquitin promoter (PGK). This gene modification enables fluorescence tracking of the transplanted CPCs. 

Hypoxic preconditioning of cardiac progenitor cells

1. Incubate cells in hypoxia chamber with 0.1%Oxygen, 5%Carbon Dioxide, and 94.9% Nitrogen at 37°C for 8hrs.
2. Prepare CPCs in DMEM at concentration of 2.5x106 cells/ml.

Cell transplantation through jugular vein in mouse with myocardial ischemic/reperfusion injury

1. Mouse myocardial ischemia/reperfusion MIR model
1) Anesthetize adult (25-30g) C57BL/6 mice with ketamine(80mg/kg) /xylazin (25mg/kg).
2) Insert 24G catheter into trachea via oral, connect the catheter to ventilator, check the thoracic movement to make sure well ventilation of each lung.
3) Perform thoracotomy at left side of the thorax, expose the heart between the third and fourth intercostals space.
4) Tear the pericardial sac to expose the heart, and identify the left anterior descending artery (LAD), pass 8-0 prolene suture around the LAD and tied around the PE10 tubing, close the chest wall and skin with 6-0 suture. 
5) Confirm myocardial ischemia with ECG.
6) Re-open chest, and remove PE10 tube at 45min after ischemia to make myocardial reperfusion.

2. Transplantation of preconditioned CPCs systemically via right jugular vein 
We will perform intravenous injection of CPCs within 1 day after MIR surgery.
1) Clean and shave the skin of neck.
2) Make an l0mm length incision in the neck, gently lift the right thyroid gland to expose the right Jugular vein, careful remove the connective tissue surrounding the jugular vein.
3) Inject 200ul of prepared cells slowly into the right jugular vein of recipient mice using 28-gauge insulin syringe. 
4) After the injection is complete, close the skin with 6-0 PROLENE suture.
5) Euthanize the mice, and harvest the heart at 24 hrs after cell transplantation.
6) Section the heart on Thermo cryostat at 5µm section.
7) Determine the number of GFP-positive cells in heart sections under fluorescence microscopy.

Representative Results
[image: C:\Users\tangyg\Desktop\Jove\Slide2.TIF]
Fig. 1. Isolation and expansion of cardiac progenitor cells.  Phase-contrast microscopy of cells migrated from primary culture of mouse ventricular explants. Migrated cells aggregated and proliferated above the coating of fibroblasts.

[image: C:\Users\tangyg\Desktop\Jove\Slide3.TIF]Fig. 2.  (A) Culture of migrated round, bright progenitor cells, which can form cardiosphere. (B)  cardiosphere showes positive for c-kit markers . 

Discussion
Cardiac progenitor cells are promising for repairing heart tissue, however, it is still very challenge to isolate intact CPCs from small heart tissue because the CPCs are extremely rare in adult heart (500-600/heart), and these cells are very sensitive to conventional one-step enzyme digestion protocol, which will make CPCs lose their cell surface stem cell markers, and lead to spontaneous differentiation. The CPCs isolated with our novel two stage protocol show their capacity for self-renewal and clonogenic in vitro with fibroblast-free conditional medium, and can differentiate into cardiomyocytes, endothelial cells, and smooth muscle cells after being transplanted into ischemia-induced heart of mice5. Moreover, we found that hypoxic preconditioning increases CPC homing to injured hearts6. When administered systemically, the hypoxia-preconditioned CPC cells homed to the ischemic myocardium more efficiently than non-treated cells, which led to significantly improved heart repair. Our presented protocol is easily translatable to clinical applications. 
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Materials
Materials
	Material name
	company
	Catalogue Number

	Collagenase type4
	MP Biomedicals LLC
	195110

	Trypson0.25%(1X)solution
	Hyclone
	SH30042.01

	Matrigel Basement Membrane (growth factor reduced)
	BD Bioscience
	354230

	DMEM
	Hyclone
	SH30243.01

	DMEM/F12
	Hyclone
	SH30261.01

	Fetal Bovine Serum
	Biowest
	S01520HI

	Antibiotic/antimycotic solution 100x
	Hyclone
	SV30079.01

	MEM Non-Essential Amino Acids
	invitrogen
	11140

	2-Mercaptoethanol 1000x
	invitrogen
	21985-023

	Leukemia inhibitory factor
	Millipore
	ESG1106

	basic fibroblast growth factor(bFGF)
	Millipore
	GF003AF

	pRRLSIN.cPPPT.PGK-GFP.WPRE plasmid
	Addgene
	12252

	Modular incubator chamber
	Billups-rothenberg inc
	MIC101

	8-0 prolene(0.4metric)
	Ethicon
	BV175-6

	6-0 (0.7metric)Nonabsorbable
	Surgik LC
	ESILRC10387560
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