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& Introduction
· Islet transplantation offers good glycemic control without major surgical risks. 

· Whole-pancreas transplantation has become accepted as an alternate therapy for subjects undergoing simultaneous kidney transplants. Although occasionally used as a solitary pancreas transplant, the significant risks associated with whole organ transplantation usually limit its use to co-transplantation with other organs. 

· Pancreas transplantation is still associated with significant morbidity in terms of surgical risk and of cost, but it is also associated with 〜86% of graft survival. 

· Islet transplantation, though much simpler and less costly, has had a poor record of accomplishment in terms of insulin independence. Islet registry data indicate that, at best, 10% of subjects were off insulin at 1 year, although 37% may have continued C-peptide production.

· The goal of any pancreas or islet transplantation is the achievement of excellent glycemic control with minimal risks. 

· Islet transplantation, a much less invasive procedure offers the hope if performed earlier-will result in excellent glucose control & prevent long-term complications. 

· Patients with very brittle diabetes or a severe reduction of hypoglycemic awareness have been selected as suitable candidates for studies of isolated islet transplantation.

· Evidently, there are rare short-term risks associated with islet transplantation using intraportal venous catheterization. 

· In addition, there are long-term risks associated with immunosuppressive therapy. 

· Current protocol uses both long-term sirolimus and low-dose tacrolimus together with short-term dacluzimab and avoidance of the use of corticosteroids. 12 (15) consecutive patients were followed for 1 year with successful islet transplantation. 

& Result (Fig)

& Discussion
· All patients have been resolved of unstable type 1 diabetes and have no problems with wide swings of blood glucose or hypoglycemia. 

· A total of 3/12 patients have post-islet transplant diabetes and managed with oral hypoglycemic agents and low-dose insulin. 

· 1/3 of the patients have absolutely normal glucose tolerance, and 42% have IGT. 

· The majority of pts continue to have excellent glycemic control off insulin. In the minority, there have no problems with hypoglycemia and labile glucose levels. 

· The most serious adverse event was an increase in the serum creatinine levels in 2 patients who already had elevated serum creatinine. 

· The majority of patients had some microalbuminuria. 4 patients had an increase in BP that prompted an increase in antihypertensive therapy. 

· Short-term problems, the acute bleeds appear to have been solved by the use of much less heparin and by the use of a solid plug of gelfoam. 

· In terms of long-term problems, diarrhea is a concern for 5 patients, but appears to be responding to cholystyramine.

· Common side effects of sirolimus include HTN, diarrhea, and hyperlipidemia. Other problems can be arthralgias, rash, acne, thrombocytopenia, leukopenia, hypokalemia, and mucosal herpes. 2 pts had some pain in the feet. A significant mild decrease in Hb and WBC, and 1 pt with acne.

· Major side effects of tacrolimus include nephrotoxicity, neurotoxicity, glucose intolerance, and GI upset. 2 pts with known renal disease had nephrotoxicity and some had bowel disturbance and glucose intolerance.

· The daclizumab has not been associated with any major problems.

· In terms of DM complications, 5/12 pts developed an increase in cholesterol. 2 pts developed a vitreous hemorrhage. No long-term effects. There has been no change in pts with severe painful neuropathy.

· Long-term adequate insulin secretion has been difficult to maintain after islet transplantation-but our results currently sho successful. It took at least 2 transplants to achieve insulin independence, once it was achieved, it was maintained in majority.

· Some subjects continue to have IGT was evidence by occasional high values, particularly during intercurrent illness.

· Questions: Even after infusion >850,000 islets, AIRg and AUCi are still significant lower than that in nondiabetic subjects? (Fig 5)

· It is thought that a normal pancreas has appropriately 1 million islets, whereas >85% of this mass was transplanted, only 19% the normal AIRg and 36% AUCi was obtained.

· The AIRg data showing such a modest insulin response must be interpreted with some caution; despite the poor AIRg midtransplant, there was a significant reduction in exogenous insulin requirements. (AIRg during the IVGTT was the best measure of insulin secretion-not the best measure of islet mass for these pts).

· The poor response at the midtransplant time period may reflect some degranulation of the islet insulin content that has improved byt the time the subject has become insulin independent.. Insulin response is usually maintained once fasting glucose is <6.4 mmol/L, and virtually all of the pts off insulin and only a minority of midetransplant pts maintained a FBS at this level.

· However, throughout the months of follow up, the response remains strikingly reduced. Perhaps the inherent denervation of these islets is a factor, or it may be that specialized vascularization of endocrine tissue is not recurring-cause of the  blunting of the AIRg.  

· The acute insulin response to arginine may prove a better measure of insulin reserve or using radionucleotide scanning-currently testing this approach.

· The AUCi and the AUCc-p both showed minimal response midtransplant and substantial improvement after after the 2nd transplant, but they are still reduced compared with normal-suggest that there is preferential destruction of islets after.the first transplant. The response is less than expected for the number of islets transplanted.

· A partial pancreatectomy does not usually result in diabetes, and yet a single islet transfusion of 354,000 islets was inadequate to relieve a person need for insulin.

· No relationship was evident between the number of islets transplanted and the actual FPG or the stimulated glucose level. Other factor may play a role in glucose tolerance. The HOMA results indicate that no significant insulin resistance was induced by immunosuppressive regimen and that insulin sensitivity is consistent throughout.

· It is very clear that minimizing the cold ischemia time may be very important in terms of achieving optimal islets per transplantation (if islets are harvested locally, given a cold ischemia time 5 h, and 300,000 islets are obtained, the cold ischemia index is 60-300,000 x 10-3/5).

· The important lessen learn—even low-dose tacrolimus should be used caution in the face of significant impairment in baseline renal reserve. The further development of calcineurin-inhibitor free regimen remains attractive. The use of sirolimus still lead to dyslipidemia (cholesterol not TG) less severe.

· Procedural complications related to portal embolization may be avoided by islet infusion into the main portal rather than peripheral venous branch, use of a solid plug of thrombostatic agent rather than a liquified preparation may reduce risk of peripheral branch-vein thrombosis.

· The use of smaller doses of heparin reduces the risk of bleeding from the liver surface. Severe mouth ulceration with sirolimus is minimized by use tablet & lowering target level.

· It is evident that insulin independence is usually achieved with a minimum 9,000 IE/kg provided.

· Islet transplantation is most effective in controlling labile diabetes (reduced hypoglycemic awareness, brittle DM) and protects against unrecognized hypoglycemia in highly selected pts-but long-term maintenance remains to be proven.  

The New York Diabetes Association’s 48th Annual Scientific Meeting, the American Diabetes Association’s 48th Annual Advanced Postgraduate Course, and the Meeting of the Naomi Berry Center of Columbia University (Zachary T etc. Diabetes Care 2001;24:1280-5.)

Islet transplantation

· Jonathan Lakery, Edomonton, Canada, began a symposium on islet cell transplantation at the American Diabetes Association’s 48th Annual Advanced Postgraduate Course in New York, NY, January 19-21, 2001, 

· Oscar Minkowski and Joseoph von Merring in 1889, who showed that the pancreas was involved in diabetes, and Watson-Williams’ attempts in 1984 at pancreas transplantation for treatment of diabetes. 

· Methods of insulin delivery that can reverse type 1 diabetes include implantable “artificial pancreas” devices and transplantation, either of a whole or segmental pancreas graft, of which 〜1500 are performed yearly, with 〜75% successful. 

· Islet isolation and infusion into the portal vein, lodging in the liver, was performed 405 times from 1974 to 1999; 267 of these cases were performed in patients with confirmed type 1 diabetes, but with only 12% and 8% being insulin-independent at 1 week and 1 year, respectively. 

· Most patients were treated with cyclosporin, azathioprim, and steroids. This “cocktail” was modified in the Edmonton Protocol, which used sirolimus and tacrolimus, which have a strong complmentary effect, & antilymphocyte globulin. 

· Islets comprise only 〜3% of the pancreas, so a variety of systems have been used for their separation and purification. The Edmonton approach uses gentle mechanical dissociation of enzymatically digested pancreas fragments, with an automated “cell processor” to separate islets from pancreatic exocrine tissue based on size and density. Fetal calf serum, used in many centers, was not used in Edmonton, so as to avoid xenoantigen formation. Functional assays are used to assure that insulin-producing cells are present. “At the end of the process” Lakery said, “we have this teaspoon full of cells that we can take to the clinic.” The islets are not cultured, but are transplanted immediately, using transhepatic portal vein catheterization. 15 C-peptide-negative pts with an average 39 Y/O & diabetes duration 31 years had been transplanted for 3-24 months. Patients were selected because of reduced hypoglycemic awareness with at least 2 severe episodes of hypoglycemia. None had renal failure. 2 Transplants were given to all patients, with the daily insulin requirement decreasing from –0.6 to 2.0 U/kg after the first, and with insulin independence achieved after the 2nd transplantation in most patients. Donor age averaged 44 years (range 17-71), cold storage was required for a mean of 5.5 h (1-20), and each donor provided 415,000 islets of 72% purity, in a volume of 〜4ml, with 〜300,000,000 cells administered per transplant. Of these, 24% were -cells. 10% were -cells, and >30% were cells positive for ductal and exocrine markers. The ”critical mass” of islets needed for insulin independence was 〜10,000 islets/kg body wt. HbA1c decreased from 8.9% to 5.9% at 3 months and to 5.6% at 6 months. 2 of the initial procedures were complicated by bleeding, which has been avoided subsequently with a decreased heparin dose. Oral ulcers were initially a problem and were decreased with a different sirolimus formulation. 1 patient developed renal insufficiency from tacrolimus, responding to an alternative immunosuppressive regimen. 

· Lakery discussed a multicenter trial in progress with 6 centers in the US, three in Europe, and the Edmonton center, with 1 goal to improve islet isolation so that a single donor, rather than 2 donors, will be sufficient in the future. Given the important toxicities of these agents, the development of tolerance to allow transplantation without drugs is another future goal. 

· Lakery stressed that islet transplantation cannot be considered a cure for diabetes and that it is not now an option for type 2 DM. Moreover, he emphasized that children will not be transplanted under the protocol. He noted that only 1 of 6 pancreas potentially available from cadavers are actually being recovered, and that although younger donors are desirable for whole pancreas, old donors can be used for islets. Engineer -cells, stem cells, cells derived from ductal tissue, and xenogeneic islet transplants may be future sources.  

· David Scharp pointed out the immense discrepancy between the 5000 organ donors in the US annually and the 750000 pts in US with type 1 DM potentially benefit from islet transplantation. Although it may be possible to grow islets or genetically engineer islets, consideration must be given to the use of xenografts. Primates are endangered species & have a higher insulin requirement than humans-not be a good source. The mature cow makes insulin in response to fatty acids rather than glucose-not show optimal characteristics. Porcine and human -cells respond in a similar fashion-a feasible source. Interestingly, islets from fish can be genetically engineered to make human insulin-may also be suitable. 

· However, performed antibodies exist in humans to antigens present in many other vertebraes, having potential for an immune response to all species other than primates. Immune rejection mechanisms for xenografts are complex and not well understood & vary from species to species, so that effective immunosuppression regimens are difficult to formulate. These regimens can be categorized into hyperacute rejection due to performed antibodies to blood vessels not seen with islets (nonvascular); accelerated and acute rejection involving cell-mediated immune responses occurring over 2- to 3-day and 7- to 10-day periods; and chronic rejection, with a variety of poorly characterized mechanisms.

· When unencapsulated porcine islets are administered to diabetic Sprague-Dawley (SD) rats, there is a several-day period of restoration of euglycemia, followed by acute rejection. The T-cells causing allograft rejection are CD3/4, CD3/8, and Th-1 type-positive, whereas for xenografts, acute rejection involves CD3/4 but not CD8 Th-2 T-lymphocytes and involves many more cytokines and other cells, such as eosinophils. Interleukin (IL-1), IL-2, IL-4 and IL-5 are all involved in xenograft rejection. Complex immunosuppressive regimens are presently required to prevent xenograft rejection. 

· Genetic engineering offer an approach allowing replacement of pig antibody targets with human proteins to prevent acute rejection. An alternative approach is the creation of an immunoisolation barrier around transplanted islets. Polyethylene glycol used by Scharp’s company for encapsulation process to allow a very thin coating around each islets with control of pore size. Encapsulated porcine islets placed intreaperitoneally in diabetic SD rats can produce lasting maintenance of euglycemia without evidence of immune rejection. Similar studies in diabetic primates have shown euglycemia can be maintained for a several-week period. An important challenge for encapsulation is the biocompatibility of the polymer with the host for prevention of rejection while allowing islet nutrition and function. Clinical trials being planned for transplantation of encapsulated human islets into  type 1 diabetes pts by using donor-specific bone marrow for tolerance induction.

· An important risk concerns the transference of zoonoses, such as swine influenza, vesicular stomatitis, encephalomyocarditis, and the prion-based illness bovine spongiform encephalitis. Beyond these known illness, there is the risk of a recombinant virus that could lead to the development of new diseases. Such viruses may be controllable and definable by donor surveillance.  

· Susan Bonner-Weir discussed approaches to growing -cells and human islets. There is linear increase in -cell mass with BW in Lewis rats through 2 years of age, initially by neogensis and replication of pre-existing cells, & after 15 months largely by hypertrophy of existing cells. -cells replicate, and new-cells are formed by ductal precursor cells. Patches of newly formed insulin-producing cells derived from pancreatic ducts can be seen in humans, particularly with obesity. There is also a normal process of apoptosis of -cells, resulting in a reduction of their number. Glucagon-like peptide (GLP-1) has trophic action increasing-cell mass, and studies with GLP-1 analog Exendin-4, which has a longer half-life, show improved glucose tolerance in rodent models and humans, with evidence of a long-term effects in increasing -cell mass. In a 90% pancreatectomy rat model, Exendin administration lowers glucose levels ad increases -cell mass by 40%. Glucagon positivity, a marker of -cell neogenesis, is increased in normal rat pancreas with 1 week Exendin treatment. There are pluripotent “true” stem cells in adult pancreas, comprising 〜1 in 100 cells of the columnar ductal epithelium. However, facultative stem cells, arising from dedifferentiation of ductal cells, appear to be responsible for islet neogenesis. She suggested that exocrine cells currently discarded in the pancreas islet separation process could be used for islet production. Studies of cultivation of human islet buds in tissue culture, with a 10- to 15-cascade increase in insulin content, and with expression of neurogenin3 mRNA seen early in the genetic cascade of embryologic islet development. The duct cells show GLP-1 receptors; the use of this agent to enhance the process & stimulation with other growth factors, offers a promising approach.

· Christopher Newgard discussed the potential for use of genetically engineered -cells. Human islet progenitors could create insulin-producing cells lines that make large amounts of insulin & respond to the appropriate physiologic cues. One option would be to produce a cell line expressing both insulin and the machinary that controls insulin secretion, including GLUT2, glucokinase, the ATP-sensitive K+ channel, and a voltage-gated Ca2+ channel. 

· However ,although one could use genetic engineering to install such components into pre-existing cell lines, it might be difficult to get optimal glucose-sensing and insulin production; in addition, xenografting might cause sensitization and transmit illness. “ The goal is to produce human cells that perform this function” He described a system aimed to identify characteristics are genes that are preferentially expressed in -cells. These include glucagon, which is produced at an immediate stage in -cell maturation, and the transcription factors NKX6.1 and NKX3.2, the latter preferentially expressed in the glucagon-producing cells and the former in the glucose-responsive cells. An approach is to analyze biochemical differences. Using 13C-enriched glucose, MRI spectroscopy allows assessment of metabolic differences between glucose-responsive and glucose-unresponsive cells. No differences are seen in 13C entering the tricarboxylic acid cycle, but pyruvate recycling appears to occur only in the responsive populations. 

· Immunoprotection of transplanted cells may be an option to eliminate the requirement for lifelong immunosuppression. Newgard described studies with encapsulation of engineering -cell lines with a membrane that prevents access of T-cells to the transplanted tissue but allows insulin and waste products to be eliminated. He showed a retrievable encapsulation device that has been used in streptozotocin-induced diabetic mice. However, such a membrane would still allow assess by low-molecular weight immune system mediators, such as cytokines, and it is therefore necessary to make the engineered cells resistant to such destruction. A strategy has been devised to select insulinoma cell lines resistant to IL-1 and -interferon by using multiple incubations to select for cytokine-resistance. These cells show a markedly increased expression of the transcription factor Stst-1; overexpression of this factor reproduces the cytokine resistance, suggesting a direction for further investigation.   

Glucagon-like peptide 1 induced differentiation of islet duodenal homeobox (IDX)-1-positive pancreatic ductal cells into insulin-secreting cells. (Hongxiang Hui etc. Diabetes 2001;50:785-96)
GLP-1 is an incretin hormone capable of restoring normal glucose tolerance in aging glucose-intolerant Winstar rats. Whether the antidiabetic properties of GLP-1 are exclusively due to its insulin secretory activity remains to be determined. A GLP-1-dependent differentiation of pancreatic precursor cells into mature b-cells has recently been proposed. Rat (ARIP) and human (PANC-1) cells, both derived from the pancreatic ductal epithelium were used to investigate whether pancreatic ductal epithelial cells could be differentiated into insulin-secreting cells by exposing them to GLP-1. ARIP cells spontaneously express the b-cell differentiation factor islet duodenal homeobox-1 (IDX-1). PANC-1 cells are IDX-1 negative. GLP-1 induced the differentiation of ARIP cells into insulin-synthesizing cells, although it did not affect the phenotype of PANC-1 cells, as determined by fluorescence-activated cell sorting (FACS) analysis. Differentiation of ARIP cells by exposure to human GLP-1 occurs in a time and dose-dependent manner, and this is associated with an increase in IDX-1 and human mRNA levels. Secretion of insulin was also induced in a parallel manner, and it was regulated by the concentration of glucose in the culture medium. Interestingly, PANC-1 cells, when stably transfected with human IDX-1, gained responsiveness to GLP-1 and were able to differentiate into b-cell, as determined by FACS analysis, insulin gene expression, intracellular insulin content, and insulin accumulation in the culture medium. The receptor for GLP-1 is constitutively expressed by ARIP and PANC-1 cells and that the mRNA level for this transcript was increased by cellular transfection with human IDX-1. In summary, this study provides evidence that GLP-1 is a differentiation factor for pancreatic ductal cells and that its effect requires the expression of IDX-1.  

Reversal of established autoimmune diabetes by restoration of endogenous cell function (Shinichiro Ryu etc. J Clin Invest 2001;108:63-72.)

Abstract: In NOD (nonobese diabetic) mice, a model of autoimmune diabetes, various immunomodulatory interventions prevent progression to diabetes. However, after hyperglycemia is established, such interventions rarely alter the course of disease or allow sustained engraftment of islet transplants. A proteasome defect in lymphoid cell of NOD mice impairs the presentation of self antigens and increases the susceptibility of these cells to TNF--induced apoptosis. Here, we examine the hypothesis that induction TNF- expression combined with reduction of newly emerging T cells with self antigens can interrupt autoimmunity. Hyperglycemic NOD mice were treated with CFA to induce TNF-expression and were exposed to functional complexes of MHC class I molecules and antigenic peptides either by repeated injection of MHC class I matched splenocytes or by transplantation of islets from nonautoimmune donors. Hyperglycemia was controlled in animals injected with splenocytes by administration of insulin or, more effectively, by implantation of encapsulated islets. These interventions reversed the established  cell-directed autoimmunity and restored endogenous pancreatic islet function to such an extent that normoglycemia was maintained in up to 75% of animals after discontinuation of treatment and removal of islet transplants. A therapy aimed at the selective elimination of autoreactive cells and reduction of T cells, when combined with control of glycemia, is thus able to effect an apparent cure of established type 1 diabetes in the NOD mouse.   

Insulin Production by Human Embryonic Stem Cells (Suheir Assady etc. Diabetes 2001;50:1691-7)

· Type 1 diabetes generally results from autoimmune destruction of pancreatic islet  cells, with consequent insulin deficiency and complete dependence on exogenous insulin treatment.

· The relative paucity of donations for pancreas or islet allograft transplantation has prompt the search for alternative sources for cell replacement therapy. 

· In the current study, we used pluripotent undifferentiated human embryonic stem (hES) cells as a model system for linear-specific differentiation. Using hES cells in both adherent and suspension culture conditions, we observed spontaneous in vitro differentiation that included the generation of cells with characteristics of insulin-producing  cells. Immunohistochemical staining for insulin w validate the hES cell modent manner l system as a potentia as observed in a surprising high percentage of cells. Secretion of insulin into the medium was observed in a differentiation-dependeand was associated with the appearance of other -cell markers. These findings l basis for enrichment of human -cells or their precursors, as a possible future for cell replacement therapy in diabetes.

Islet and stem cell transplantation for treating diabetes (Palle Serup etc. BMJ 2001;322:29-32)

· By 2010 the number of people with diabetes is expected to exceed 350 million. 

· Late diabetic complications will cause considerable morbidity in 5-10% of these pts and place an enormous burden on society. 

· Transplantation of insulin producing islet cells isolated in vitro from a donor pancreas could be a cure for type 1 and some cases of type 2 diabetes. 

· Currently, however, lack of sufficient donor organs and the side effects of immunosuppressive therapy limit its potential. 

· Ways to overcome these problems include deriving islet cells from other sources such as pigs, human pancreatic duct cells, fetal pancreatic stem cells, embryonic stem cells, and by therapeutic cloning. 

The limitations of conventional treatment

· In many cases current diabetes drug therapies do not provide sufficiently tight control of blood glucose to avoid diabetic late complications. 

· Transplantation of whole donor pancreas is an effective form of treatment but is of limited application since it entails major surgery and long term immunosuppression. This failure to prevent the morbidity associated with diabetes places an enormous burden not only on pts and their relatives but also on society. 

· The costs of treating late diabetic complications are set to escalate because of the predicted sharp rise in the number of diabetes. Thus, both pts and society have much to gain from development of improved Tx for diabetes.(Table1)

Islet cell transplantation

· This is an effective treatment for diabetes, but its use is limited by shortage of donor material. 

· Allogeneic islet transplantation has been explored as a treatment for type 1 diabetes. 

· Islet cells are extracted from a donor pancreas and injected into the portal vein of the liver (Fig 1). The procedure has to be carried out 2 or 3 times and requires as many short term hospitalization over a period of 2-3 months. When successful, this Tx has improved pts diabetes. 

· However, the need for intense immunosuppression to prevent graft rejection has, until recently, limited this approach to pts who are already immunosuppressed either for a previous organ graft or because of simultaneously kidney transplantation. It is also possible that the immunosuppressive regimen itself may have prevented success in some cases. Because most protocols use agents that inhibit islet cell function or induce peripheral insulin resistance. As a result, only 10% of the pts on the International Islet Cell Transplantation Registry are recorded as being independent a year after receiving a transplant.

· Promising results has recently been reported from transplantation of large amounts of islets cells from cadaveric pancreas that were not HLA matched into 15 pts with type 1 diabetes who had multiple hypoglycemic episodes or uncontrolled diabetes despite compliance with the prescribed insulin Tx. 

· All the pts showed normalization of glycated hemoglobulin concentration and lasting independence from insulin injections at an average of 11 months follow up. The islets cells were purified in medium free from foreign protein, and this, combined with a glucocorticoid-free immunosuppresive regimen, successfully prevented rejection. Notably, both host versus graft and autoimmune reactions were apparently avoided. 

· This was a small uncontrolled study, however, and its encouraging results need to be confirmed in larger randomized controlled trials. Even if further studies confirm the effectiveness of this approach, the need to obtain 2-4 donor pancreas for each pt and the uncertainty regarding long term side effects from immunosuppression are likely to limit its application to pts with very poorly controlled diabetes.

Alternative sources of islet cells

· The shortage of human pancreases for islet cell transplantation had led to a search for alternative sources of islet cells. Several sources have been suggested-from pigs, induction from human pancreatic duct cells, fetal pancreatic stem cells, and induction of insulin producing b cells by therapeutic cloning-and each has its own advantages and disadvantages.

Xenogeneic islet cells   

· Porcine islet cells have been suggested as a virtually unlimited supply of insulin producing cells for transplantation. However, the immunological barrier to xenogeneic grafts is substantially greater than the barrier to human grafts. Hence, the development of transgenic pigs that express human genes and the extension of cloning technology to pigs have been welcomed because these technologies promise the production of “humanised” pigs. Such pigs would lack xenoantigens that are immunologically important but not essential for survival, and the technology might even allow production of pigs individually matched for recipients’ HLA type.

· The disadvantage of xenografts from transgenic pigs is the possible risk to public health from cross species infection with porcine endogenous retroviruses that then adapt to human hosts. Retroviruses result in permanent infection, and there are reports that porcine endogenous retroviruses from porcine cell lines and lymphocytes can infect human cells in vitro. These concerns have led US FDA to halt trials of porcine xenografts until those pts who have already received grafts are assessed for infection. Although 10 Swedish pts have received porcine islet xenografts and have no sign of infection in their lymphocytes, a recent study in genetically modified mice (NOD plus severe combined immunodeficiency) that had received porcine islet cells found infection with porcine endogenous retroviruses in several tissues.

Expansion and transdifferentiation of pancreatic duct cells

· While the nature of pancreatic stem cells is still uncertain, recent advances in this area prompted a high level meeting sponsored by the NIH on stem cells and pancreatic development. 

· Peck and colleagues have reported that pancreatic ductal epithelial cells isolated from adult NOD mice that are still prediabetic can be grown in long term cultures and induced to produce functioning islets of Langerhans containing ,, and cells. These in vitro generated islets were capable of lowering blood glucose concentrations to near normal when implanted in diabetic non-obese mice. The mice remained normoglycemic for the 3 months’ duration of the study. Human pancreatic duct cells have also been grown successful in vitro and induced to differentiate. But the ability of these cells to restore blood glucose in vivo is still unproved. This promising line of research is being pursued by several laboratories. 

· Not only does the use of adult donor ductal cells avoid the controversy of using fetal cells but there are fewer biological problems associated with making  cells from ductal cells than from embryonic stem cells.  

The use of fetal pancreatic stem cells and  cell precursor

· In the past few years huge advances have been made in the understanding of fetal endocrine development. These provide an important guide to further attempts to produce islet cells in vitro.

· The identification of endocrine precursor cells in the developing pancreas and the regulation of their differentiation by a specific cellular pathway (the Delta Notch pathway) raises the exciting possibility that modulation of cellular signaling can be used in vitro to grow and differentiate endocrine precursor cells, taken either from embryonic pancreas from aborted fetuses or by using pancreatic duct cells. Once the molecular details are solved suitable culture conditions can be developed to supply an unlimited number of allogeneic  cells for transplantation.

Embryonic stem cells

· Stem cells are potent biological units that have been used for decades in many aspects of biology. 

· The mammalian body consists of some 200 distinct cell types, which all derived from the fertilised egg cell. The fertilised human egg divides and gives rise to the early embryo, which, at the blastula stage, contains a cluster of apparently totipotent cells-termed the inner cell mass-from which clonal embryonic stem cells can be derived. Such embryonic stem cells can be propagated indefinitely in vitro and can be induced to differentiate into several distinct lineages in vitro, including cardiomyocytes and neural cells, but differentiation into endodermal cell types has not yet been reported. 

· As Fig 2 shows, the stem cells have to follow the appropriate developmental pathway in order to become insulin producing  cells. 

· Soria and coworkers derived insulin producing cells from mouse embryonic stem cells by using embryonic stem cells transfected with an insulin promotor (driving expression of the neo gene, a marker for antibiotic resistance), which allowed them to selectively induce insulin producing cells, rather than mature, post-mitotic cells. Nevertheless, this experiment shows that embryonic stem cells can differentiate along a pancreatic endocrine path. This technique might be developed to provide a sourcecells by using more elaborate selection schemes that are compatible with normal cell development.

Therapeutic cloning

· The transfer of the nucleus of a somatic cell (such as breast tissue) into a donor oocyte from which the nucleus has been removed can be used to clone a mammalian species. 

· The oocyte with the replaced nucleus carries the genetic information of the donor. This technique was used to clone Dolly the sheep. Blastocysts can be developed in vitro from such manipulated oocytes, and embryonic stem cells that are genetically matched to the donor can be derived from the inner cell mass of the blastocysts (Fig 3), a procedure that takes several months. Such a procedure for generating  cells from embryonic stem cells could be developed (a ready supply of oocytes could be provided from registered fertility clinics) to produce effective therapy for diabetics. 

· The great advantage of this cloning technology is, of course, that the embryonic stem cells would generate  cells with a pts own genetic information, Thus avoiding allogeneic host versus graft reactions. 

· When the nature of pancreatic  cell ontogeny is fully understood we may be able to mimic this process in vitro to propagate  cells-either starting with duct cells derived from pancreatic donor specimens or by the use of other appropriate human stem cells (such as from bone marrow or even blood samples). This development would clearly be welcome because it would avoid the need for therapeutic cloning, with all the attendant controversy of creating embryos solely for medical use.

The Future

Research in islet cell and stem cell transplantation is set to develop rapidly. Within the next 5 yrs it should be possible to generate sufficient b cells in vitro to solve the current shortage of insulin producing cells from donor islets. This would allow doctors to treat not only those pts with poorly controlled diabetes but also those with less severe disease but who are identified (by monitoring glycated hemoglobulin levels) as being at risk of developing long term complications. This could considerably reduce the personal and societal burden of morbidity from late diabetic complications.

Of the techniques described above, the most promising is generation of  cells from pancreatic duct cells. It is inherently a shorter biological step to make a  cell from a duct cell than it is from other possible cells, such as embryonic stem cells and hemopoietic stem cells, because these are not closely related in lineage. However, safe suppression of autoimmunity for pts with type 1 diabetes must be achieved before this promising new technology can lead to a dramatic shift in clinical practice. In type 1 diabetes this reaction is as important as the standard graft versus host reaction. For patients with type 2 diabetes (where autoimmunity is no problem), fully histocompatible and p[atient specific  cells could well be developed within the next 10 yrs, either by manipulation of adult stem cells or by therapeutic cloning. Hopefully, safe and efficient interventions to curtail the autoimmune reaction will have evolved by then, allowing pts with type 1 diabetes to benefit from this development also.

