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· preserve islet function or to restore normal physiological glucose control

· preventive therapy in genetically predisposed individuals

· limiting islet damage in individuals who are already diabetes

· genetic engineering may play a role to facilitative both the prevention of the pathologic process and the survival of the islets after transplantation

Gene Transfer Strategies: The Vehicles

· pancreatic islets consist predominantly of extremely slow-dividing alfa-, B-,delta-cells.

· Use of gene transfer vehicles that can deliver genes into quiescent cells

· Viral vectors efficient for gene transfer to nondividing cells include replication-defective adenovirus, herpes simples-1 and lentiviral vectors

· Nonviral-mediated gene delivery systems, such as the bioballistic or the cationic lipid based methods, but much less efficient

· replication-defective adenoviral vehicles have proven to be the most versatile vectors for importing genes encoding immmunoregulatory proteins into intact islets

· adenoviral vectors at low multiplicity of infection (< 10 pfu per cell) do not appear to interfere with B-cell function or survival

· able to achieve long-term expression of B-galactosidase from islets infected ex vivo ad transplanted into syngeneic diabetic hosts

· transgene expression as well as virus persisted for as long as 20 weeks without any significant antiviral antibody production

· one way to minimize the immune response against adenovirval vectors is to eliminate as many of the viral genes in the vector backbone as possible

· allow the cloning of larger transgenes or multicistronic cassettes

· feasibility of infecting cultured islets with herpes simplex-1 virus (HSV) vectors

· HIV-1-based lentiviral vectors are efficient at infecting human B –cells and intact islets

Gene Therapy and Islet Damage Prevention

· majority of new cases of type 1 diabetes are sporadic

· the currently accepted predictors of susceptibility or resistance, as determined by HLA typing and antibody-based tests, only assign a relative risk 

- HLA typing can easily be performed in utero or very early in life, but autoantibodies are only detectable when the destruction of B-cell has already begun

Tolerance Induction

· type 1 diabetes is a disease whose origin lies in the failure of central and peripheral tolerance to B-cell-specific molecules

· the presence of T-cells in the islets (i.e. insulitis) at the time of disease onset, together with the high titers of anti-islet cell antibodies in the sera

· study diabetes in the nonobese diabetic mouse (NOD) as well as in the BioBreeding (BB) rat two rodent models whose diabetes-related immunopathology is considered to be quite similar to that in humans

· In NOD mice, the expression of a  proinsulin transgene controlled by the major histocompatibliity complex (MMMHC) class II promotor resulted in intrathymic expression of insulin and prevention of type 1 diabetes

· Similarily, intrathymic injection of islet extracts into BB rats and young NOD mice resulted in prevention of type 1 diabetes

· Tolerance occurred as a consequence of the deletion of islet-reactive thymocytes

· If tolerance induction and suppression of autoimmunity occur at the level of the thymus by elimination of thymocytes that recognize islet or B-cell antigens, then it could be feasible by gene engineering approaches to inject vehicles encoding autoantigens into the thymus of individuals at high risk for developing type 1 diabetes

Modification of Antigen Presentation
· preserve islets from immunologic damage is at the level of activation and function of the antigen-presenting cells (APC) in the islet

· APC which are normally quiescent, are found in almost all tissues in the body

· In response to local injury, these APC will take up antigen in and around the site of damage and will consequently produce proinflammatory molecules, including chemokines

· The resident APC of the islets of Langerhans, including macrophages and dendritic cells (DC), are possible targets for gene delivery vehicles

· transfer of genes to APC, either in vivo or ex vivo, may allow for local production of molecules that can 1) prevent APC activation 2) prevent APC processing of antigen 3) limit upregulation of adhesion molecules 4) limit interaction of APC-secreted factors with target cells 5) promote APC-responsive lymphocyte death

· blockade of IL-1B interactions, with its signaling receptor, and/or blockade of iNOS gene expression may be one genetic strategy

· gene transfer pf the IL-1 receptors antagonist protein (IRAP) to cultured human islets can prevent 1) IL-1-induced B-cell impairment of the dynamic response to a glucose challenge 2) IL-1B-enabled Fas-triggered apoptosis and 3) induction of NO production

· tumor necrosis factor (TNF)-alfa is also a potent regulator of APPC activity and can promote B-cell dysfunction by direct effects as well as by indirect effects via APC-producing IL-1B

· transgenic mice, including NOD, expressing soluble type I TNF receptors secreted from B-cells do not develop insulitis or type 1 diabetes

· these soluble receptors act as decoys that prevent the interaction of TNF-alfa with its cell-bound receptor

· macrophage activation and proinflammatory gene expression are in part mediated by the c-rel family of transcription factors, of which nuclear factor (NF)-KB is a member

· many immune responses, including cytokine and adhesion molecule gene expression, are under NFkB control

· by preventing NFkB translocation to the nucleus, it is conceivable that macrophage activation in response to a local trigger may be inhibited

· a physiologic regulator of NFkB activity is IrB, an inhibitor that is physically bound to NFkB in the cytoplasm

· in response to cytokines such as IL-1B, IkB becomes phospharylated and targeted for ubiquitin-mediated degradation, therby liberating NFkB

· gene transfer of IkB to human islets in culture could also prevent the effects of IL1B

Interference of Co-stimulation

· full activation of helper T-cells requires a second signal in addition to the interaction between their T-cell receptor and the peptide/MHC class II complex on APC

· this second signal, acting through the CD28 molecule at the surface of T-cells, can be provided by the B& molecules, B7-1 (CD80) and B7-2 (CD86) expressed at the surface of APC

· costimulation blockade by using a fusion protein whose extracellular domain derives from cytotoxic T-lymphocyte-associated protein 4(CTLA4), a B7 counter-receptor and an IgG1 Fc protein to stabilize the protein

· the fusion product, CLTA4-Ig effectively acts as a decoy for B7 molecules and prevent B7-CD28 interaction

· gene transfer of CLTA4-Ig to islets  in vitro followed by transplantation has shown that local expression of CLTA4-Ig can result in prolongation of allogeneic as well as xenogeneic graft survival

Immunoregulatory Cytokines
· interleukins are potent modulators of the immune system at the level of antigen presentation through their effects on APC function

· they can efficiently regulate ongoing immune responses at the site of inflammation

· the identification of IL-4 and –10 as cytokines with immunosuppressive properties

· cloning of a viral homologue of IL-10 from Epstein-Barr virus led to attempts to use recombinant forms of these cytokines as a means of preventing type 1 diabetes

· transforming growth factor-B (TGF-B), in addition to its effects on cell proliferation,  extracellular matrix formationand wound healing, acts as an immunoregulatory cytokine that inhibts NK cell function, thymocyte proliferation, antibody production and T-cell activity

Dendritic Cells

Apoptosis and Survival of the Islet Cells

Gene Therapy and Substition of The Lost B-cells

Allogenic Transplantation

Xenotransplantation

