BIOLEONHARDT CARDIAC REGENERATION PROTOCOL


BACKGROUND
It has been recognized for some time that when labelled stem cells are delivered directly into the LV wall, they remain in situ for only hours to days, and therefore exert their effects largely by paracrine mechanisms. It was initially recognized that delivery of stem cells led into the heart led to upregulation of a number of pro-regenerative growth factor genes, which were thought to be able to as effective as giving cells alone. More recently pre-clinical studies have led to the understanding that the effector of stem cells was their secretome, referred to both as exosomes or intracellular vesicles. While cells had been the focus of cardiac regeneration, Taylor and others have shown the importance of cardiac matrix in directing native cellular repair, as studies using scaffolds of cardiac matrix alone were nearly as effective as stem cell alone, and cells mounted on matrix superior to either alone.
Other agents that have been shown beneficial in studies of cardiac regeneration include microRNAs, hydrogels, and other constituitive molecules.

[bookmark: _GoBack]Unfortunately, to date all pre-clinical and clinical studies have examined only a single type of cell, gene, or protein, which were given only one time, typically using primarily a change in ejection fraction as the marker of improvement. This approach does not reflect the interplay of the array of factors that clearly play a beneficial role in native regeneration, likely simultaneously or in sequence, but when given as a single agent only once, results in only modest meaningful clinical success observed to date. The Leonhardt strategy is unique in that it seeks to use a combination of most of the individual proteins and molecules that have been proved to have a pro-regenerative effect, as well as several types of stem cells, both given in a cyclic infusion to achieve greater recovery of myocardial function than has been previously reported. While each component has ample evidence of benefit, there has never been a study previously reported using more than two types of agents simultaneously. This multi-component strategy seeks to more closely recapitulate native cardiac regeneration.

The Leonhardt strategy is a disruptive approach to cardiac regeneration that employs three components including: 
1. Bioelectric stimulation to deliver precise micro current signals to upregulate specific pro-regenerative proteins in the target tissue(e.g., heart) using a programmable stimulator; 
2. Refillable and programmable pump with a septum dividing two compartments to hold a multicomponent regimen of both growth factors and molecules including exosomes, microRNA, matrix, and hydrogels on one side, and several types of stem cells in the other chamber; 
3. Delivery through a cork screw tip catheter inserted via either the endo or epicardium. 
The study employ cyclic delivery of precise bioelectric signals along with a continuous cyclic infusions of stem cells and other components including growth factors to provide sustained angiogenesis and myogenesis and achieve significant and unprecedented myocardial regeneration and improved function.

PROTOCOL:

Test Animal: Adult Swine weighing 40-60 Kgs

Number of Animals: 3

Model: Embolic occlusion of LAD coronary to induce a myocardial infarction that    results in clinically significant reduction in ejection fraction.

PROCEDURE: 

Animals will be sedated and placed on general anesthesia. Vascular access will be obtained via the carotid or femoral artery and coronary injection catheter advanced through the ostium of the left main coronary artery to the selected branch artery, which will be confirmed by small contrast injections.

Microbeads will be then be seriallyl injected into the selected coronary artery branch until complete occlusion has been accomplished and surface EKG confirms an acute MI pattern of ST elevation in the target area. The animal will be observed for a period of time to treat any potentially significant ventricular arrhythmia induced by the infarct. When stable, the animal will be awakened and return to the animal quarters for a period of 3 weeks of standard care.

When the animal manifests the signs of heart failure which are standard for the Taylor lab, it will be brought back to the operating room and prepared for the placement of the study catheters and pump. An Echocardiogram will be obtained before any surgery to provide baseline ejection fraction, regional wall motion abnormality in the area of the infarct, and chamber sizes.

The cork screw-tip delivery catheter will then be placed via small sternotomy of the lowest edge of the sternum to expose the apex of the heart to allow epicardial insertion and fixation into the apex of the right ventricle. This catheter will be tunneled to the sub-Q tissue of the abdomen for connection to the delivery pump, or via direct cannulation of the internal jugular and advanced via the superior vena cava to the endocardium of the right ventricle. The catheter will then be tunneled subcutaneously to the area below the midline of the abdomen.

A unique MEMS pump which contains a port to allow it to be easily accessed and refilled with cells and proteins as needed, will then be placed via an incision in the skin of the abdomen and positioned in the sub-Q tissue via sutures placed in the pre-peritoneal fascia to provide a stable position. Regardless of the approach used to place the distal end of the catheter, the proximal or free end of the tunneled catheter will then be able to be connected to the delivery pump.  

A set of electrical wires will then be placed to allow creation of an electrical field across the infarcted area of the heart, either into the myocardium on both sides of the infarct scar, or one side of the scar with the other fixed to the internal thoracic pleura. The distal ends of the electrodes will then be tunneled and connected to the stimulator which is a part of the pump described above. The reliability and connection to the electrodes will be confirmed by demonstration of generation of a an electrical micro current that does not cause contraction before closing the incision.
The animals will be returned to the animal care quarters and maintained as is standard for the THI laboratory.

The animals will be brought to a holding area that will allow activation of the electrical current of the stimulator and refilling of the pump with cells and proteins twice/week for the 3 week period of study(6 total). If it proves difficult to get the animals into a stable holding pen to allow access to the infusion pump, they will be given an IM injection of propophol or similar short acting sedating agent to allow the above procedures to be accomplished.

At the end of this 3-week period of delivery of study agents, the animals will be sedated and a second Echocardiogram obtained to compare functional changes induced by the study agents. The animals will then be sacrificed by the standard method of the laboratory and an autopsy obtained of the heart to include gross and microscopic histology to define the scar extent, cellular infiltration, and any adverse effects in the areas of the catheter tip and electrodes.






























LEONHARDT RESEARCH STUDY COSTS:


ANIMALS:  3 ADULT MINI-SWINE 40-60 KGS

ANIMAL CARE AND MAINTAINANCE: 6 WEEKS
                                                                                3 WEEKS POST MI
                                                                                3 WEEKS OF TREATMENT

ANESTHESIA:    PROCEDURE FOR PERCUTANEOUS INFARCT CREATION
                               PROCEDURE FOR PLACEMENT OF CATHETER AND PUMP
                               BRIEF SEDATION FOR TREATMENTS 2 X’S/WK FOR 15 MIN
                              SEDATION FOR FINAL ECHO AND SACRIFICE


SURGERY:  PERCUTANEOUS FLUORO GUIDED EMBOLI INDUCED MI
                      DELIVERY CATHETER INSERTION
                      STUDY PUMP PLACEMENT
                      ELECTRODE PLACEMENT

EQUIPMENT:  FLUOROSCOPE TO GUIDE INFARCT CREATION AND SURGERY
                            ECHO MACHINE
                            DELIVERY CATHETER –SUPPLIED BY BIOLEONHARDT
                            DELIVERY PUMP – SUPPLIED BY BIOLEONHARDT
                            TWO CONDUCTIVE WIRES AND ELECTRODES 
                            BIOELECTRIC STIMULATOR – SUPPLIED BY BIOLEONHARDT

SUPPLIES:  MULTI-COMPONENT REGENERATIVE COCKTAIL- BIOLEONHARDT/TAYLOR
                      STEM CELLS- PROVIDED BY BIOLEONHARDT/TAYLOR LAB

AUTOPSY: GROSS AND MICROSCOPIC 
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