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Stem-Cell Technology – The Israeli Edge

Set against a background of academic research excellence and world-class healthcare, Israeli investigators and physicians have been at the forefront of stem cell research, and were among the first to create human embryonic stem cells (hESC). In addition, Israel's researchers benefit from a highly conducive regulatory environment, established in line with strict Jewish medical ethics.   These conditions, together with innovative local biotech and pharmaceutical industries and a pervasive atmosphere of entrepreneurship, enable Israel's Stem Cell Cluster to compete confidently in establishing the country as a Stem Cell Center of Excellence. 
As California embarks on a new era in US stem cell technology and research, StartUp Jerusalem is pleased to offer an insight into the stem cell expertise and advantages possessed in Jerusalem and across Israel. 

Israeli Stem Cell Regulation:

· Israel's health authorities established a liberal view towards embryonic stem cell (ESC) research based on medical ethics established in Jewish Law.
· Jewish Law (Halacha) predicates that all laws are built around one tenet: the obligation to protect human life and preserve its sanctity.

· This cultural attitude partly explains why Israeli scientists and physicians are leaders in the field of reproductive science and medicine, and why Israel has by far the highest number per capita of IVF procedures  

· The Bioethical Committee of the Israeli Academy for Science and Humanities recognized the potential of cell therapy and the importance of ESC in this matter. Its final recommendation clearly states that it "will be permissible to donate supernumerary embryos that are no longer destined to implantation specifically for the purpose of therapeutic research. Donation must be attained through a process of free and informed consent, and must be regulated to ensure that all embryo donations are made with respect of human dignity, autonomy and liberty of donors."
· The Ministry of Health has allowed the creation of cell lines from surplus human embryos that have been in storage for more than five years and were frozen as five or six-day-old blastocysts. 

· The Ministry of Health has also approved the use of embryos for research that would otherwise be discarded after pre-implantation genetic diagnosis. This effectively means that researchers can work with models known to be carrying genetic diseases (e.g. Cystic Fibrosis).
· Israeli regulation also permits the implantation of human stem cells into animal models. Among other potential applications, monitoring in-vivo differentiation enables researchers to identify the differentiation process for cells that prove difficult to isolate in vitro. 

· No Israeli researchers have the intention of carrying out reproductive cloning, which is illegal in Israel.

Research:

Israeli scientists have been at the forefront of efforts to isolate human embryonic stem-cells since efforts began in the late 1990s. Many of the recognized perpetuating colonies of ESC approved by the Federal Government for research were developed by Israeli teams. A company jointly owned by the Technion, Rambam Medical Center and Prof. Joseph Itskovitz, possesses 9 human ESC lines and 2 ESC sub-clones.  This is one of the biggest collections of lines owned by anyone in the world. Israel's regulatory environment and existing strengths in medical research enables Israeli scientists and firms to established new ESC lines and to create novel and essential technologies. 
Current research places special focus on treatment of Type 1 Diabetes and Parkinson's disease, investigating the safety of cells to avoid teratoma tumors in recipients, and the prevention of immune system rejection of cells after transplant
World Firsts:

· Prof. Benjamin Reubinoff, and colleagues at Hadassah University Hospital in Jerusalem, Israel, and Monash University in Melbourne, Australia, were the second team in the world to create human embryonic stem cells and the first to show the ability of these cells to produce somatic cells under culture.

· Prof. Benvenisty's  lab within the Hebrew University of Jerusalem were the first in the world to demonstrate in vitro differentiation of human ES cells and generation of human embryoid bodies
· Hadassah is a world leader in neural differentiation and was the first in the world (together with a center in Wisconsin) to describe the development of highly enriched cultures of primitive nerve cells from human embryonic stem cells.

· Prof. Reubinoff's group, in collaboration with Prof. Ben-Hur from the Department of Neurology were the first in the world to produce results showing the ability of human embryonic stem cells to improve the behavior of Parkinsonian rats.
· Prof. Benvenisty's lab were the first to demonstrate the generation and isolation of hepatic cells from the induction of in-vitro differentiation of human stem cells
· Prof. Benvenisty's lab was the first lab to genetically modify hESCs. They also generated the first modified hESC line that represented a model for human disease (Lesch Nyhan disease).  `
Jerusalem Research Institutions:
· Human Embryonic Stem Cell Research Center, Hadassah University Medical Center: A 16-member highly professional team of physicians, students and technicians working alongside scientists and physicians from various departments across Hadassah, including:
· Prof. Benjamin Ruebinoff, Prof. Tamir Ben Hur (hES cell treatment of multiple sclerosis), Dr Gil Leibowitz (beta cells for insulin production in diabetics), Dr Eyal Banin (age-related macular degeneration), Prof. Eitan Galun (liver cells), Dr Kobi Rachmilevich (elimination of tissue rejection after transplants), Dr Yoel Shufaro (therapeutic cloning), and Dr Neri Laufer (producing new stem cell lines in the obstetrics and gynecology department).

· Department of Genetics, Institute of Life Sciences, Hebrew University of Jerusalem. Prof. Benvenisty's lab within the Department of Genetics is dedicated to hESC research. It comprises 15 full-time researchers and has been the source of over 20 hESC research articles published in leading scientific journals. Aside from developing patented technologies for spontaneous and induced differentiation of human ES cells, the lab has also developed the means to manipulate, transfect, differentiate and genetically mark and sub-clone embryonic cell lines.  Some of Professor Benvenisty's human embryonic stem cell research, carried out in partnership with Harvard University, has merited rare NIH funding.
· Jerusalem institutions view Stem Cell Research as an interdisciplinary effort and include researchers from other research institutes including those at Tel Aviv University, Bar-Ilan University, and the Weizmann Institute of Science.

· International co-operations are common already common place. Jerusalem research institutions have worked on stem cell projects with UCLA, UCSD, UCSF and Stanford in California alone. Other projects have involved collaborating with investigators on the US east coast, across Europe (e.g. UK, France, Czech Republic) and in Australia, Singapore and Korea, to name but a few.
Examples of Current Embryonic Stem Cell Research Activity in Jerusalem: 
· New Clinical Grade Cell Lines: Prof. Reubinoff (Hadassah Medical Organization, Jerusalem) and Prof. Itskovitz (Technion – Haifa) are actively involved in the preparation of new clinical grade (FDA approved) human embryonic stem-cells. In the future, these cells will be used for clinical purposes.

· Creating Unlimited Autologous Therapeutic Cells: Dr Yoel Shufaro has combined his experience in Somatic Nuclear Transfer technology with Prof. Reubinoff's leadership in human embryonic stem cells in an attempt to reprogram cell nuclei to manufacture an autologous embryonic stem cell line. Embryonic stem cells could then be induced to differentiate into the desired cells (e.g. dopamine producing stem cells for treatment of Parkinson's disease) and would not be rejected or require immunosuppressive therapy when transplanted to a patient.
This technology could potentially constitute a biological factory that produces an endless supply of vital cells compatible with the recipient. The Gene Therapy Institute at Hadassah has already managed to bring about successful somatic nuclear transfer in mice and create embryos for making stem cells.

· Turning Embryonic Stem Cells into Insulin Factories: Dr Gil Leibowitz of the Endocrinology and Metabolism Service in Hadassah University Medical Center is engaged in a project to manipulate hES cells so that they develop into prolific insulin producing beta cells. The team has managed to grow embryonic stem cells and enrich the population of insulin-producing cells, although major improvements in enrichment and ripening of the system are required to normalize glucose levels in diabetics.
Examples of Current Adult Stem Cell Research Activity in Jerusalem: 
· Stem Cell Treatment of Orthopedic Disorders: Prof. Iri Liebergall, Chairman of the Orthopedics Department at Hadassah Hospital, is exploring technologies to improve the screening and sorting of stem cells from patient's bone marrow retrieved by aspiration from the pelvis. Concentrated stem cells could then be injected into the patient's bone to stimulate growth. It would also be possible to take a patient's stem cells and culture them in the lab to make a larger quantity, or theoretically the stem cells could be used as a biological factory to produce cartilage, marrow or other tissues needed – all without the risk of rejection since the raw material is provided by the patient. 
· Creation of Artificial Salivary Glands Using Adult Stem Cells: Dr Doron Aframian heads the salivary gland clinic in the Hadassah Dental School. Working under Prof. Bruce Baum, from the US National Institute of Dental and Craniofacial Research, he and his colleagues set out to build artificial salivary glands using tissue engineering, stem cell biology and gene therapy. This breakthrough could bring hope to the 500,000 people a year worldwide whose salivary glands are destroyed by irradiation to treat neck and head cancers. The technique, already being developed in rodents, revolves around removing epithelial cells that have the potential to become adult stem cells from healthy salivary glands prior to radiation treatment. The adult stem cells would be grown in a lab and then transplanted, together with a special "platform" in place of the glands that were destroyed.
Israel's Stem Cell Consortium:
· An entity called the Genesis Consortium was created in 2003 to promote cell therapy in Israel. This initiative was established by the Ministry of Trade and Industry and has been allocated funding in the region of $20m.
· The consortium membership is made up of leading academic institutions and industry leaders who present diverse and complementary expertise in cell manipulation, monitoring and process quality control, as well as scaling-up and GMP manufacturing.
· Consortium Members

	Academia
	Industry

	Ben Gurion University, Be'er Sheva
	Gamida Cell, Jerusalem

	Hebrew University of Jerusalem, Jerusalem
	ProChon Biotech, Rehovot

	Hadassah Medical Organization, Jerusalem
	Proneuron Biotechnologies, Rehovot 

	Tel Aviv University, Tel Aviv
	Teva Pharmaceuticals

	Sorasky Medical Center, Tel Aviv
	

	Technion, Israel Institute of Technology, Haifa
	


· Consortium Objectives
1. Cultivation of stem cells and the establishment of cell lines 
2. Cell Expansion (Development of regulatory acceptable medium and identification of expansion supporting medium components)

3. Directed Differentiation

4. Identification of differentiation of bio-markers

5. Models for assessing functionality and efficiency

6. Scaling-up of manufacturing technologies

7. Cell preservation technologies
Stem Cell-Related Companies

· Jerusalem-based company Gamida-Cell is a leader in the expansion of hematopoietic (blood) stem cell therapeutics currently in clinical development for cancer and autoimmune diseases, as well as future regenerative cell-based medicines, including heart and pancreatic tissue repair. The Company was founded in 1998 based on technology for stem cell expansion licensed from Hadassah University Medical Center, Jerusalem, Israel.
· ProChon, based in Rehovot, is a biotechnology company developing novel growth factor-based therapeutics for bone and cartilage disorders. The company specializes in the understanding, modification and clinical application of growth and differentiation factors. ProChon maintains research laboratories and cGMP, ISO 9001/EN 46001 clean-room facilities. The company has received regulatory approval for its BioCart therapy, which is a procedure for autologous cell transplantation.  This has provided ProChon with unique expertise in the handling of human tissue and cells that are strictly grown under clinical grade GMP conditions to ensure a safe ex vivo environment for their subsequent restoration to the patient.  

· Proneuron is a privately funded company that operates out of Rehovot and harnesses the power of the body's own immune system for the treatment of permanent debilitating central nervous system (CNS) disorders. Proneuron's leading therapy is Autologous Activated Macrophage Therapy - a cell-based treatment for Spinal Cord Injuries (SCI), while the company is also engaged in developing a therapeutic vaccine for acute and chronic neurodegenerative disorders. Proneuron has considerable expertise in the development of biomarkers and functional tests to various cell types including neurons.
· Other Israeli stem cell startup companies include SCT, Cell Cure, and SBT, all of which bear impressive scientific credentials:  
Stem Cell Technologies (SCT) is a recently formed joint venture between the laboratories of Prof. Nissim Benvenisty in the Hebrew University of Jerusalem and Prof. Joseph Itskovitz in the Technion in Haifa. The company's intellectual property is the resultof many years of research and assets include key patents in the field of human ES cell differentiation and genetic manipulation. SCT plans to utilize human embryonic stem cells as a source of cells for four major applications:

· To derive differentiated cells for cellular transplantation with the specific ultimate aims of treating diabetes and liver disease. 

· To establish a system of human cells in vitro to examine for drug toxicity. 

· To discover new genes involved in tissue regeneration as a source of new drugs. 

· To genetically modify human ES cells to establish the “universal cell” - a non immunogenic stem cell.

Cell Cure emerged from research undertaken by Prof. Reubinoff at the Hadassah Medical Center.  The company focuses on cures for Parkinson’s and other neurodegenerative diseases and aims to become a leading source of dopaminergic neuron therapeutics.
Skeletal Bio-Therapy (SBT) originates from technology developed at the Hebrew University by Prof. Dan Gazit, who was one of the first researchers to genetically engineer adult stem cells for therapeutic use. SBT has developed unique proprietary ex-vivo tissue engineering technology for the generation of biological bone, cartilage, ligament/tendon, and small-diameter blood vessels grafts, as well as methods for treating diabetes, cardiovascular diseases and stroke.   

· Companies that develop products or services in the field of stem cell research include:
· IMT – Specializing in preservation technologies
· NVR – Developing implants of neural cells
· Alpha Omega – Research applications to masseur neurons activity 

· CytoLab – Development and manufacturing of cytokines
· Applied Spectral Imaging – Developing multiplexed functional screening equipment.
Summary 

StartUp Jerusalem’s research shows that Israel possesses a thriving and highly developed Stem Cell Cluster, in which Jerusalem plays a central and pioneering role.  We will end this paper with suggested steps forward and a summary of why the city of Jerusalem would be an excellent hub for Israel-California collaboration in the stem cell industry of the 21st century.
Next Steps - Developing a California-Israel Stem Cell Collaboration:
· California-Israel Stem Cell Forum & Delegations:  All Israeli scientific teams already have close scientific relationships with key researchers in California such as Evan Snyder and Erwin Weismann. Similarly, research collaborations already exist with UCLA, UCSD, UCSF, and Stanford. We recommend the establishment of an official forum for Stem Cell cooperation between Californian and Israeli experts from academia, industry and government. This activity would be supported with regular visits from Stem Cell delegations to California and Israel.
· Stem Cell Technology Workshops:  Development of SC workshops will improve technology transfer and foster strong links between Israeli and Californian research institutions.  Israeli institutions will offer exposure to unique techniques while assisting in developing a critical mass of trained and experience Californian stem cell researchers and technicians.

· Accelerating Specific Californian Research Projects: Israel's depth of technology expertise in stem cell research is supported by an exceptionally conducive regulatory environment. StartUp Jerusalem believes that Californian research expertise and certain research projects will benefit from accelerated pace of development if exposed - for as little as a few weeks - to the Israeli research community and environment. We therefore recommend that we work together to identify discrete projects that are affected by technology bottlenecks or regulatory impediments in California, or could be accelerated through a period of development in Israel.  
Jerusalem Advantages:
· Jerusalem is well equipped to conduct all aspects of the R&D necessary for advancement of regenerative medicine:
· Leaders in the field of Stem Cell Research
· Conducive regulatory environment

· Established biotech and pharmaceuticals industry

· Surplus embryos in IVF clinics.


· GMP facilities for cell-line handling 
· Animal facilities for rodent and primate preclinical testing of the various cell types (neural, cardiac, hepatic, pancreatic etc.)
· Clinical setups for performance of phase I and phase II clinical trials.
StartUp Jerusalem (SUJ) is a non-profit organization which promotes the development of specialized business clusters in Jerusalem. SUJ operates under the guidance of Prof. Michael Porter of Harvard Business School, whose theories and approach to developing competitive advantage underpin our activities.  Prof. Porter is StartUp Jerusalem's Honorary Chairman. 
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