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Replacement of Beta Cells for Type 1 Diabetes
Date: September 4, 2025 Source: Excerpts from "Replacement of Beta Cells for Type 1 Diabetes," by Kevan C. Herold, M.D., and Jordan S. Pober, M.D., Ph.D., published in The New England Journal of Medicine.
Summary
For over a century, insulin injections have been the sole treatment for Type 1 Diabetes (T1D). However, this approach lacks the precision and flexibility of endogenous beta cells. Recent research, highlighted by studies from Reichman et al. and Carlsson et al., is making significant strides in beta cell replacement therapies. These advancements focus on two main areas: developing alternative sources of beta cells (specifically from human embryonic stem cells) and pioneering novel antirejection strategies, including "hypoimmune islets" engineered to evade the immune system. While promising, these studies are preliminary and require long-term follow-up to establish efficacy and safety.
Key Concepts and Challenges in Beta Cell Replacement
· Type 1 Diabetes (T1D): A chronic autoimmune disease where the immune system destroys insulin-producing pancreatic beta cells, necessitating lifelong insulin replacement.
· Limitations of Insulin Injections: Even advanced techniques for insulin delivery "still lack the precision, rapid kinetics, and flexibility that endogenous insulin-producing beta cells can achieve."
· Cadaver-Derived Islet Transplantation: Initial successes were limited by the "requirement for multiple donors and failure to maintain insulin independence," prompting the search for alternatives.
· Immunosuppression: Crucial for preventing rejection of foreign grafts. However, sustained immunosuppression "increases the risk of infection (infection caused the death of one patient in the study) and cancer."
· Major Histocompatibility Complex (MHC): Proteins on cell surfaces that display antigens to T cells. In transplantation, "they are the major targets of rejection by the recipient’s immune response."
· Innate Immunity: A component of the immune system, including cells like Natural Killer (NK) cells and macrophages, which can also attack foreign cells and contribute to graft rejection.
Advances in Beta Cell Replacement Therapies
1. Making Beta Cells from Stem Cells (Reichman et al.)
· Source of Beta Cells: Reichman et al. report on the use of zimislecel, which are "clusters of islet cells differentiated from a line of human embryonic stem cells." This represents a potentially "limitless source of islets."
· Method of Administration: The clusters of differentiated islet cells were administered by "infusion into the portal vein."
· Immunosuppression: This approach was "coupled with glucocorticoid-free immunosuppression."
· Key Outcomes (at 1 year, in 12 patients receiving full dose):Primary Objective Achieved: "eliminating severe hypoglycemia."
· Improved Glucose Control: "lowered the glycated hemoglobin level (<7%)."
· Insulin Independence: "in 10 of the 12 participants, eliminated the need for exogenous insulin."
· Cell Survival: Cells survived, and there were no severe hypoglycemic events.
· Challenges/Concerns:Lack of Microvessels: The absence of microvessels in the transplanted clusters may partly shield them from the immune system, but still requires sustained immunosuppression.
· Long-Term Survival: "Whether the transplanted clusters will survive over the long term remains to be seen."
· Chronic Rejection: The current regimen "does not obviously prevent progressive chronic rejection."
2. Hypoimmune Islets to Evade Rejection (Carlsson et al.)
· Approach: Carlsson et al. describe a "three-hit" genetic engineering strategy to create "hypoimmune islets" designed to evade acute rejection without the need for immunosuppressants.
· Source of Islets: Intact islets were isolated from a cadaver donor (blood type O) and then dispersed into single cells for genetic modification.
1. Three-Hit Genetic Engineering:Muting MHCI: Disrupted the B2M gene to prevent the expression of all class I MHC molecules, thereby inhibiting CD8+ killer T cells.
2. Muting MHCII: Inactivated the CIITA gene (essential for MHC class II protein synthesis) to prevent expression of class II MHC molecules, thus limiting CD4+ T cell activation, B cell activation, and antibody-mediated rejection.
3. Evading Innate Immunity: Transfected the dispersed islet cells with a lentiviral vector containing CD47, which "induces an inhibitory ('don’t eat me') signal to myeloid cells." This successfully "rebuffed both blood monocytes and NK cells of the transplant recipient in studies in vitro."
· Method of Administration: The modified islets were introduced by "intramuscular injection."
· Key Outcome (at 12 weeks, in a single patient):"sustained production of insulin by the graft without the need for immune suppressants."
· Cells survived and showed low, stable levels of C peptide, though insulin dose was increased to protect islets.
· Treatment was sufficient to limit host antigraft immune responses despite only partial modifications in many islet cells.
· Challenges/Concerns:Preliminary Nature: This was a study with "a single participant."
· Limited Number of Islets: The participant received "less than 10% of the number needed for insulin independence," primarily due to limitations in islet isolation and preparation methods.
· Short Duration: "Still, 12 weeks is short."
· Unknown Perfusion: "the extent of perfusion of the islets after intramuscular injection is unknown."
· Genetic Engineering Complexity: The process involves isolating intact islets, dispersing cells, and then genetically disrupting specific genes and transfecting with CD47.
Future Directions and Potential Synergy
· Combining Strategies: The genetic engineering approach used by Carlsson et al. "could be applied to stem cells to obviate the need for immune suppression," potentially combining the "limitless source" benefit of stem cells with the "immune-evasive" benefit of gene editing.
· Patient-Specific Therapies: An alternative strategy for preventing transplant allorejection involves using "islet organoids obtained from induced pluripotent stem cells derived from the patient," which would inherently reduce immune rejection.
· Long-Term Follow-up: "Additional and careful follow-up is essential to establish long-term efficacy and safety" for both approaches.
· Substantial Clinical Benefits: Both studies offer "substantial" potential clinical benefits, with Reichman et al. demonstrating prevention of severe hypoglycemia and Carlsson et al. showing the possibility of insulin production without immunosuppression.
Conclusion
The studies by Reichman et al. and Carlsson et al. represent significant advancements in beta cell replacement for Type 1 Diabetes. Reichman et al. demonstrate the clinical efficacy of stem cell-derived islets in achieving insulin independence and eliminating severe hypoglycemia with immunosuppression. Carlsson et al. offer a groundbreaking "immunosuppression-free" strategy by genetically engineering "hypoimmune islets" to evade both adaptive and innate immune responses. While early and requiring further investigation, these findings provide strong encouragement for the future of T1D treatment, moving closer to a cure that overcomes the limitations of current insulin therapy and the challenges of immune rejection.
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