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There is an ongoing need for surrogate markers and assays assessing the viability and potency of human islets for transplantation.  Historically, in vitro measures of freshly isolated islets for gross tissue viability and glucose-stimulated insulin release have had questionable correlation with subsequent function as transplants in diabetic subjects.  A variety of rodent models have been used to test the efficacy of human islet transplants in vivo.  In general, most studies utilize immune-suppressed or genetically immune-deficient mouse models to assess the function of islet preparations.  Several intrinsically immune-deficient models, including the nude mouse (nu/nu), severe-combined-immune-deficient (scid), and recombinase 1 or 2 activating gene knockout (Rag-/-) models have been used successfully to analyze the function of human islets.  It is notable that assessing the function of human islets as transplants in mice is complementary to initial in vitro assays in that the former ‘assay’ measures the inherent capacity of the isolated islets to engraft and revascularize in the host as well as the durability of graft function.  These in vivo features are obviously highly relevant to islet function as transplants in patients.

An important question regarding mouse models is the requirement for using   hyperglycemic animals as recipients.  We and others find that human islets produce C-peptide and respond to glucose challenge in non-diabetic immune-deficient mice.  Furthermore, using diabetic mice as recipients of human islets presents a number of logistical problems: (1)  disease is normally induced with toxic diabetogenic drugs  (e.g. streptozotocin or alloxan), (2)  the levels of hyperglycemia induced can be variable and/or transient, and (3) maintaining acutely diabetic animals is difficult given the unpredictable or sporadic availability of human islet preparations.  However, we believe that an in vivo islet ‘potency’ assay optimally should measure the capacity of human islets to effectively maintain euglycemia.  To this end, we have used spontaneously diabetic akita strain mice crossed to the immune-deficient Rag1-/- background.  The resulting Rag-1-/-akita mice are stably and durably diabetic (>20mM glucose) and can be housed for 2-3 months while awaiting human islet grafts.  Importantly, human islets (2000 IEQ) can engraft and function long-term (>100 days) in this model.  Interestingly, we have found that a proportion of human grafts can spontaneously fail in Rag-1-/-akita mice over time.  Such grafts display amyloid deposition and related evidence of tissue distress associated with hyperglycemic ‘toxicity’.  Thus, high metabolic demand on human islets can lead to spontaneous graft failure independent of an adaptive immune response in vivo.   
