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Type I diabetes mellitus (T1DM) is an autoimmune disease that involves progressive destruction of pancreatic β-cells, leading to the loss of insulin production and secretion. Functional replacement of the destroyed β-cells is one of the goals of the cell-based therapy.
This study describes direct lineage-specific reprogramming of mouse embryonic fibroblasts (MEFs) into definitive endoderm-like cells (DELCs), using a unique combination of soluble molecules, without the cells going through a pluripotent state. 
DELCs can be effectively induced, upon exposure to a combination of four small molecules (RA, A83-01, LDE225, and pVc), to form pancreatic progenitor-like cells (PPLCs) that express markers such as Pdx1, Hnf6, Pax6, and Nkx6.1. Dual expression of Pdx1+ Nkx6.1+ is a reliable predictor of the ability of pancreatic progenitors to give rise to functional β-cells. Further differentiation of PPLCs in vitro gave rise to insulin+/C-peptide+ cells.
PPLC function in vivo was assessed by their transplantation under the kidney capsule of hyperglycemic NSG mice.  Hyperglycemia was induced by Streptozocin (STZ) injection. Each mouse received a renal sub-capsular transplant of 300 native mouse islets, 3x106 PPLCs, or 3x106 MEF cells. In the STZ-only group, glucose levels increased gradually and peaked by the end of the fourth week. The positive control group of diabetic mice, transplanted with native mouse islets, almost achieved normoglycemia 1 week following transplantation.  MEF-derived PPLCs transplanted in diabetic mice exhibited a transient increase in glucose levels within the first week, which then decreased gradually, approaching levels observed in healthy mice. Following nephrectomies, these mice returned to diabetic glucose levels, confirming a direct link between transplantation of the PPLCs and amelioration of hyperglycemia. In contrast, iPSC-derived PPLCs transplanted group did not yield significant amelioration of hyperglycemia. The MEF-treated group demonstrated increased glucose levels similar to those observed in the STZ-only group.
 
Immunohistochemical analysis of the surgically removed kidneys demonstrated that PPLCs matured into cells of all three pancreatic lineages, including glucagon-producing pancreatic a-like cells, somatostatin-producing pancreatic d-like cells, amylase-producing pancreatic acinar-like cells, Pdx1+/Ck19+ pancreatic ductal-like cells and functional,insulin-secreting b-like cells. The insulin-positive cells were Pdx1+ Nkx6.1+.
 
This approach may enable mass production of functional β-cells and holds great promise for cell therapy.
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