Fast track isolation and application of human bone marrow derived stem cells for the intraoperative use; Surgeons can prepare cell therapy injections
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Introduction
Implantation of bone marrow stem cells into the heart is reported to be a feasible method for myocardial regeneration after myocardial infarction (1). Of particular interest in studies aimed at therapeutic angiogenesis are cells expressing CD133 and CD 34 a marker for more primitive multipotent stem cells. In vitro studies have shown that CD133+ stem cells have the potential to differentiate into endothelial cells(2,3).
Previous data from patients who received CD133+ stem cells in conjunction with coronary artery bypass grafting (CABG) showed improved perfusion at stem cell injection sites, leading to a significant increase in volume of the left ventricular ejection fraction, regional wall motion in the infarct zone, and a reduction in the end-systolic left ventricular volume (4) 

Up to now, the isolation of stem cells had to be initiated approximately one day before transplantation, meaning that patients with acute ischemia needing urgent operative procedure could not benefit from this approach. We have developed a new method for intraoperative processing and application of bone marrow-derived CD133+ stem cells, which enables their therapeutic use for both elective and emergency revascularization (5). 

Here we describe the optimized method developed for an intraoperative selection of CD133+ stem cells from bone marrow aspirate without density centrifugation and the clinically applicable labeling of the selected cells.

Material and Methods

Preparation of bone marrow

In all cases there was an ischemic cardiomyopathy, who could not be revascularized by conventional methods and the presence of at least one localized area of akinetic left ventricular wall without para​doxical systolic movement. Patients with the following criteria were excluded from the study: having a myocardial infarction during the last 12 months, abnormal hemoglobin or abnormal count and function of platelets or leukocytes (e.g. in malignancy or HIV infection).

All methods including cell bone-marrow aspiration and stem cell isolation were performed in the operation room according to good manufacturing practice standards (GMP).

Patients underwent bone marrow aspiration (60–330 ml) after informed consent was given to the patients. The bone marrow aspirate was taken from the iliac crest under general anesthesia immediately prior to the coronary bypass procedure (CABG) as part of a clinical trial combining CABG surgery with CD 133+ stem cell injection. The aspirate was taken using heparin-coated syringes, transferred into blood bags and washed . The aspirate was taken using heparin-coated syringes, transferred into blood bags and washed with CliniMACS® PBS/EDTA Buffer (Miltenyi Biotec) containing 0.5% HSA. Cells were passed through 100 μm filters (BD Falcon) to remove bone spicula. The bone marrow cells were transferred into a centrifugation bag and washed with sterile CliniMACS PBS/EDTA Buffer (0.5% HSA). After centrifugation the bag was connected to a buffer waste bag using a Terumo Sterile Connecting Device (TSCD®). The supernatant was removed completely using a plasma extractor. The cell pellet was resuspended and the volume was adjusted to 95 mL with CliniMACS PBS/EDTA Buffer (0.5% HSA) and 1.5 mg/mL clinical-grade IgG (Sandoglobin®).
Selection of CD133+ cells and stem cell labeling with CD133 and CD34 antibodies
The content of one vial of CliniMACS CD133+ and CD 34+ reagent (Miltenyi Biotec, Bergisch Gladbach, Germany), which includes antibody/ nanoparticle complexes, was injected into a bag containing bone marrow cells and incubated for 30 minutes at room temperature on an orbital shaker. After the washing and processing of CD133+ stem cells using the CliniMAC cell separator. The CD 34+ cell fraction was additionally incubated with one vial of CliniMACS CD34+ reagent (Miltenyi Biotec, Bergisch Gladbach, Germany) and twice washed and, after centrifugation, resuspended in 5-15 mls medium for injection into myocardium in combination with CABG [22]. 
Cell Analysis
Analysis of the selected cell population was performed using a fluorescence activated cell analyzer using highly specific monoclonal antibodies coupled to fluorescent dyes. The number of cells was registered by a cell counter (SysMex). Determination of CD133+ progenitor cells was performed before and after the automated separation process. Aliquots were analyzed by fluorescence activated cell sorting (FACS) using CD133/2-PE (clone: 293C3), CD45-FITC, CD34-APC (Miltenyi Biotec), and propidium iodide for determination of the viability of the cells using a modified protocol of the International Society for Hematotherapy and Graft Engineering guidelines for determination of hematopoietic stem cells (6).
Following the novel procedure for the selection of CD133+ stem cells, the filtered bone marrow had normal morphology, and the microbiological screening showed no contamination.. Using the intraoperative processing method, up to 9.7×106 CD133+ stem cells with a purity of 95% were isolated. After approximately 160 minutes, separated CD133+ stem cells were ready for intramyocardial injection into the patient. The mean length of the cell separation procedure was 2,55 h. There were no adverse events. None of the patients presented cardiac arrhythmia postoperatively. The postop Cardiac MRI  at 3,6 and 9 months show a clear improvement of ejection in all patients. The labeled cells could be visualized by 1,5 Tesla MRI at the site of the injection 1 week postoperatively but not later. 
Discussion 

For patients with coronary heart disease not amenable to interventional or surgical treatment, different therapeutic strategies have been developed. However, stem cell therapy seems to be one of the promising future therapeutic options (4).

We favor the well-characterized and purified CD133+ stem cells for their high multipli-cation potential as well as for their angiogenic and probably myogenic differentiation capacity, compared to applying high numbers of unselected and undefined bone marrow mononuclear cells (2,3).

We demonstrated that the intraoperative processing of bone marrow allows the selection of highly purified CD133+ stem cells in less than 3 hours. To our knowledge the technique provides the highest number of bone marrow-derived CD133+ stem cells ever transplanted for regeneration of postinfarcted myocardium, omitting density centrifugation. In addition, this method allows the surgeons to apply stem cells intraoperatively in emergency cases on the same day. Preliminary results on the safety and feasibility of this approach in patients receiving CD133-selected stem cells will be published soon. In contrast to animal experiments, the possibility for the collection of tissue samples from the site of cell injection in the human myocardium is limited. Ghodsizad et al. described intramyocardial detection of ferromagnetic labeled bone marrow derived cells by the use of echocardiography (7). By using our intraoperative magnetic selection method, we were also able to label the injected cell by using the CD34+ and CD 133+ beads.

To our knowledge this is the first clinically applicable method to visualize transplanted cells in myocardium by the use of ferromagnetic beads. Recent progress in stem cell research and cell transplantation has spurred clinical investigation of myocardial restoration by cell transfer.

Although there is no quantification or methods to know how long these cells stay at the injection site as located by Cardiac MRI, the advantage of this method is the achievement of knowing where the cells were injected. This is important for eventual nonsurgical percutaneous transluminal catheter injections into the myocardium to achieve less trauma. In the past years various catheter devices such as the NOGA system have been developed for cell and gene transfer into the myocardium (8).

Our approach of intraoperative isolation and visualization of transplanted cells in the myocardium is safe, clinically approved and feasible.  
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