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Greeting from Japanese coordinator
Dear Colleagues,

     As the president of the 11th congress of Japanese Society for Regenerative Medicine, it is my great pleasure for me to hold this Educational Symposium for Young Researcher as a satellite program of this conference. This program is supported by JSPS’s Core-to-Core Program, Rebirth program of Deutsche Forschungsgemeinschaft (DFG), and Bilateral program of Academy of Finland (AF). 

     This Core-to-Core Program between Finland, Germany, and Japan, has been started since 2009. Following to the previous meetings in Vienna, Geneva, and Nagoya, at this symposium, I would like to exchange most recent results of our research and also clinical translational works on myocardial regeneration and cardiovascular tissue engineering, and make fruitful discussion for the further development of new technologies and methods that open the doors for completely new possibilities of patient-specific treatment. 
     Cardiovascular and transplant surgery has changed dramatically in the past few years. The development of new technologies and methods has enabled huge advancements that open the doors for completely new possibilities of patient-specific treatment. Cardiac tissue engineering is one of the promising fields to be developed, and is expected to produce ideal materials for cardiovascular and transplant surgery. Our core institutions have developed unique technologies in this field, and some of them have been clinically applied. In our international consortium, we will unite and integrate our technologies and produce ideal materials for supplement cardiovascular defects or support cardiac function. 
     I hope this symposium makes great progresses for developing our international research consortium for myocardial regeneration and cardiac tissue engineering.
Yoshiki Sawa

Professor and Chairman

Department of Cardiovascular Surgery

Osaka University Graduate School of Medicine
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Cardiovascular Tissue Engineering
Lecture : 13:40 -14:40
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   Waseda University
Decellularized aortic heat valve: decellularization technology, in vivo feasibility, and in vitro assessment of blood compatibility
Yasuhide Nakayama:     National Cerebral and Cardiovascular Center
Development of cardiovascular tissues by in body tissue architecture technology
Thomas Breymann: 



  Hannover Medical School

     Tissue engineered valve first clinical results
Special lecture：14:40 – 14:55

Ari Harjula:                                                             University of Helsinki
A prospective, controlled, randomized, double-blinded study of    

autologous bone-marrow cell transplantation during coronary surgery
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      Osaka University
Part 1.  Invited Lecture
1-1. Cardiovascular Tissue Engineering
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Axel Haverich, MD, PhD.

Professor and Director,

Dept. of Cardiac, Thoracic, 

Transplantation, and Vascular Surgery

Hannover Medical School
Hannover, Germany

Cardiovascular diseases are the number one cause of death globally. But at the time, for a majority of the acquired or congenital diseases a sufficient form of therapy is missing and oftentimes a cardiac substitute is needed to overcome cardiovascular diseases. However, donor organs are rare and common prostheses have several disadvantages. As an alternative solution to resolve these problems, tissue engineering is under discussion as it promises to “re-engineer” human tissues and organs. A definition of tissue engineering was given by The Biomedical Engineering Handbook: “The application of scientific principles to the design, construction, modification, growth and maintenance of living tissue.”
Tissue engineering includes three main topics for the generation of artificial living tissue:
· 1)  Biomaterials to create matrices, which give 3-dimensional design and mechanical properties to the construct. 
· 2)  Cell culture and molecular biology to provide cells specific for the counterpart of native tissue. 
· 3)  Biotechnology and bioengineering principles are needed to create bioreactor assemblies that provide in vitro conditions similar to those in vivo; including adjustment of pH, temperature, nutrient and oxygen supply, and if needed a set-up for physical stress stimuli like shear stress, mechanical tension or electrical stimulation. 
With recent improvements in these fields, tissue engineering now is very promising for the future treatment of several diseases. specially to overcome cardiovascular diseases, the research to generate substitutes for heart valves, the heart muscle and for vessels is pushed forward.
ENGINEERING THE VALVES
Heart valve replacement remains an established form of surgical treatment for heart valve disease. There are basically two different kinds of heart valve prostheses currently available: mechanical and bioprosthetic grafts. Both bear several disadvantages. The main limitation of mechanical valves is the need for a lifelong anticoagulation therapy of the patient due to the high thrombogenic potential of the used materials. This leads to an increased risk of haemorrhages. Bioprosthetic valves in contrast are not thrombogenic. Currently, these valve prostheses are made out of chemically fixed xenogeneic or allogeneic tissue. However, only a short lifetime of these grafts is reported due to relative fast calcification and loss of functionality. One possible mechanism might be based on the antigenicity of the grafted tissue. The resulting consequence is a short lifetime of the prosthesis, which then has to be replaced. Furthermore, both mechanical and bioprosthetic valves have no ability to be repaired and remodelled by the host and are not able to grow. Especially the lack of growth capacity is a tremendous drawback in paediatric heart surgery and causes the need for reoperations of heart valve substitutes in children. A possible solution for these problems may evolve from autologous grafts - tissue engineered heart valves give the promise to be non thrombogenic, and due to their viability have the potential to underlie all remodelling processes in the body. As a result, the use of tissue engineered heart valves may avoid the need for repeated valve replacement surgery.
ENGINEERING THE MUSCLE
The treatment of cardiac insufficiency caused by myocardial infarction, dilational cardiomyopathy or by virus infection is mostly dependent on heart transplantation of donor organs or mechanical support with artificial devices. The high risk of rejection, infection and rarity of organ donors have provided a great incentive to develop new approaches for the generation of myocardial tissue. Tissue engineered cardiac muscle constructs could be a promising alternative to whole heart transplantation.
ENGINEERING THE VESSEL
Coronary artery bypass operations are requesting suitable vessels that can serve as grafts. For treatment of ischemic cardiomyopathy two different kinds of constructs are in use. some patients can receive autologous grafts derived from v. saphena or A. mammaria interna. Although these prostheses are fully biological, they underlie changes in wall structure and due to that they have to be replaced after 6 to 8 years. Available synthetic grafts are based on mostly synthetic polymers like PTFE or PET. They provide a comparable mechanical stability of a native vessel but the artificial structure causes especially in small diameter grafts thrombogenicity and intimal proliferation. For vessel replacement, in particular for smaller vessels, the hope to overcome common complications is given by tissue engineered vessel grafts.

CONCLUSION AND PROSPECTS

Although a lot of research was performed and tremendous progress was made in the field of cardiac tissue engineering, the big goal is not reached yet. But where do we stand now? in fact, we would like to repair and reverse engineer an engine that we haven’t created and the service manual is missing as well. We do not know exactly which materials we have to use. Biological materials, cells and the ECM, are not behaving as “simple” as inorganic materials, because of their intense communication with their environment through complicated and mostly unknown (path-) ways. On a close look, every single cell we are using is a motor and a designer of the whole tissue by itself. And in turn, cells are highly dependent on a specific architecture of cells and ECM and a dynamic flow of communication in the system to obtain a certain status of differentiation and to persist in it.
It seems to be almost impossible that a manmade cell culture system can fulfil all these requirements. However, constructs generated today may serve in the future as avenues to answer remaining questions and solve remaining problems to reach the big aim: being successful in engineering the perfect machine, the motor of life.
Part 2. Lecture
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2-1. Decellularized aortic heat valve: decellularization technology, in vivo feasibility, and in vitro assessment of blood compatibility
Kiyotaka Iwasaki, PhD.

Associate Professor, 
Center for Advanced Biomedical Sciences 
Waseda Institute for Advanced Study
Waseda University
Tokyo, Japan
2-2. Development of Cardiovascular Tissues by In-Body Tissue   Architecture Technology 
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Yasuhide Nakayama, PhD.

Director, 
Division of Medical Engineering and Materials
National Cerebral and Cardiovascular Center Research Institute
Osaka, Japan

2-3. Tissue engineered valve first clinical results
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Thomas Breymann, MD.

Director, Pediatric Cardiac Surgery

Dept. of Cardiac, Thoracic, 

Transplantation, and Vascular Surgery

Hannover Medical School
Hannover, Germany

2.1. Decellularized aortic heat valve: decellularization technology, in vivo feasibility, and in vitro assessment of blood compatibility
Kiyotaka Iwasaki1, Shigeyuki Ozaki2, Mitsuo Umezu1
1Center for Advanced Biomedical Sciences, Waseda University, 2Department of Cardiovascular Surgery, Toho University Ohashi Hospital
Use of nature’s tissue-specific architectures by decellularization methods is recognized as one of promising approaches to produce a potentially regenerative aortic heart valves. We have developed a unique technology to achieve complete decellularization of thick porcine aortic heart valves, while maintaining mechanical integrity. Aortic heart valves were decellularized by combination of pulsatile flow-and-pressure circulation of deoxycholic acid detergent with a concentration of 1wt% in parallel with irradiation of a microwave at the frequency of 24.5GHz. Animal experiments in aortic circulation demonstrated that the decellularized aortic valves functioned for one year. Scanning electron microscopic examination and eNOS staining revealed that aortic leaflets and vessel walls were repopulated with endothelial cells in six months. Moreover, calcification, which was distinctly observed in commercially available glutaraldehyde-treated bioprostheses, was inhibited in decellularized aortic valves. Currently, feasibility of aortic valve plasty using decellularized pericardium is under investigation in large animal experiments. Our in-vitro blood-compatibility tests using fresh blood of healthy volunteers demonstrated that decellularization and sterilization of bovine pericardium inhibited complement and neutrophil activation. Continuing researches are required to demonstrate effectiveness and safety of decellularized tissues in aortic circulation toward clinical settings.
2.2. Development of Cardiovascular Tissues by In-Body Tissue Architecture Technology

Yasuhide Nakayama

National Cerebral and Cardiovascular Center Research Institute

In-body tissue architecture technology, attempted as a novel and practical concept in regenerative medicine by us, can prepare completely autologous cardiovascular tissues including vascular grafts (BIOTUBEs), valved conduits with the sinus of Valsalva (BIOVALVEs), or endovascular devices (BIOVALVED STENTs for TAVI, BIOCOVERED STENTs for aneurysm embolization). They are constructed safely and economically in the recipient subcutaneous spaces using encapsulation mechanism by 1 or 2 months of embedding the preparation molds with a use of neither special clean facilities nor complicated cell procedures. Irrespective animal species, the obtained tissues had very thin wall thickness (ca. 0.1mm) but adequate mechanical property even under aortic circulation condition, and mainly consisted of autologous fibroblasts and collagen fibers with little inflammatory cells. After implantation the tissues exhibited excellent performances as cardiovascular prostheses, such as easy surgical handling, high patency for long term (over 4 years), rapid tissue regeneration (within several months). The technology will someday make it possible to grow rejection-proof replacement cardiovascular tissues for humans using a person’s own cells, a process called autologous tissue engineering.
2.3. Tissue engineered valve first clinical results
Thomas Breymann
Hannover Medical School
Degeneration of xenografts or homografts is a cause for reoperation in young patients after pulmonary valve replacement. We developed fresh decellulatized pulmonary homografts (DPH) and compared the early results of 38 implantation of DPH with those of bovine jugular vein (BJV: n=38) and cryopreserved homografts (CH: n=38). DPH patients revealed no increase of transvalvular gradient, cusp thickening, or aneurysmatic dilatation in contrast to BJV and CH patients. DPH valve annulus diameter converge toward normal z-values. Five-year freedom from explantation was 100% for DPH, 86% for BJV, and 88% for CH. In DPH patients, the mean transvalvular gradient was significantly lower compared with the BJV group. In contrast to conventional homografts and xenografts, decellularized fresh allograft valves showed improved freedom from explantation, provided low gradients in follow-up, and exhibited adaptive growth.
Decellularized Valves (6 months follow-up in animal model)
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Part 3. Special Lecture
3-1. A prospective, controlled, randomized, double-blinded study of autologous bone-marrow cell transplantation during coronary surgery
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Ari Harjula, MD, PhD.

Professor and Director

Dept. of Cardiothoracic Surgery

University of Helsinki
Helsinki, Finland

Aims: Clinical studies suggest that intra-myocardial injection of bone marrow cells in conjunction with coronary artery bypass surgery improves left ventricular parameters in ischemic heart disease. However, there is a lack of properly conducted clinical trial. 

Methods and Results: Forty  patients with coronary disease and  left ventricular ejection fraction (EF) ≤45% despite maximal medical treatment were randomized in a double-blinded manner to receive either bone-marrow cells (9.1x 108±3.8x108), or plain serum during  coronary revascularization operation. Cardiac magnetic resonance imaging (MRI), positron emission imaging with fludeoxyglucose (PET) and single photon emission computed tomography (SPECT) was performed preoperatively to assess nonviable scar and 12 months after the operation the examinations were repeated. There was no mortality. One year control imaging was performed in 18 patients in each group. The EF improved from 39.6±9% to 43.6±9% in the treatment group and from 37.2±9% to 42.3±8% in the control group. There was no difference between the groups. Scar area assessed by MRI T2 late enhancement was measured 21.3±5% preoperatively and 19.8±6% at one year after the operation in the treatment group and 17.8±10% and 19.3±9% in the control group, respectively (p=ns).  Percentual LV wall thickening at the site of the injections in the peri-infarct area was 33,5±27% preoperatively and 41,8±38% (p=ns) in the treatment group and 33,3±25% and 46,6±29% (p=ns) in the control group, respectively. There was no difference between the groups.  
Conclusion: Modern heart failure medication combined with coronary bypass operation improves left ventricular function significantly. Intra-myocardial injection of bone marrow cells has no measurable effects in the heart. 
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Moderator

Ken Suzuki, MD, PhD.

Professor, 
Translational Cardiovascular Therapeutics 

William Harvey Research Institute

Barts & The London School of Medicine, Queen Mary University of London

London, UK
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Masamichi Ono, MD, PhD.

Staff Surgeon, 
Div. of Pediatric Cardiac Surgery,

Dept. of Cardiac, Thoracic, Transplantation, 
and Vascular Surgery

Hannover Medical School
Hannover, Germany

Core Institution Address

Dept. of Cardiovascular Surgery

Osaka University Graduate School of Medicine

Yamada-oka 2-2, Suita, 565 0871, Osaka, Japan

Telefon: 81-6-6879-3154 

Miss. Akiko Inoue
Dept. of Cardiac, Thoracic, Transplantation and Vascular Surgery

Hannover Medical School

Carl-Neuberg Stra.1, 30625 Hannover, Germany

Telefon: 49-511-532-9397

Masamichi Ono. MD.

E-Mail: ono.masamichi@mh-hannover.de 

Dept. of Cardiothoracic Surgery

University of Helsinki, Meilahti Hospital

Haartmaninkatu 4, 00029, Helsinki, Finland

Telefon: 358-9-4717-2305 

Mrs. Kaisu-Maarit Pelkonen 

Please refer to the following web site
http://jsps-osaka-u.jpn.org/
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