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Abstract: Insulin insufficiency results from the death of pancreatic β-cells in type 1 diabetes (T1D), a 

chronic autoimmune disease. Exogenous insulin therapy is still the gold standard, however it has the 

potential to cause hypoglycemia and does not restore physiological glucose homeostasis. The in vitro 

production of functional islet cells from pluripotent stem cells (PSCs) has been made possible by recent 

advances in stem cell biology. This could potentially treat the condition by replacing missing β-cells. 

Current developments in the production, characterization, and preclinical/clinical applications of stem cell-

derived islets (SC-islets) are summarized in this review. We point out important issues, such as safety, 

immunogenicity, and scalability, and suggest future paths to quicken translational advancement. 
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I. INTRODUCTION 

1.1 Type 1 Diabetes: Pathophysiology and Unmet Needs: 

T1D arises from autoimmune-mediated destruction of pancreatic β-cells, necessitating lifelong insulin therapy. Despite 

advances like closed-loop insulin pumps, patients face complications (e.g., retinopathy, neuropathy) due to imperfect 

glycaemic control. Islet transplantation, though effective, is limited by donor scarcity and immunosuppression risks. 

 

1.2 Stem Cell Technology: A Paradigm Shift 

Pluripotent stem cells (embryonic [ESCs] and induced [iPSCs]) can differentiate into glucose-responsive β-cells, 

offering an unlimited cell source. Pioneering protocols now yield SC-islets with near-physiological insulin secretion, 

reigniting hope for a functional cure. 

 

II. GENERATION OF STEM CELL-DERIVED ISLET CELLS 

2.1 Stem Cell Sources 

ESCs: High differentiation potential but ethical concerns. 

iPSCs: Patient-specific, avoiding immune rejection; however, variability exists. 

Direct reprogramming: Transdifferentiation of somatic cells (e.g., fibroblasts) into β-cells. 

 

2.2 Differentiation Protocols 

Modern protocols mimic pancreatic development via stepwise exposure to growth factors (e.g., Activin A, FGF10) and 

small molecules (e.g., IDE1, IDE2). Recent 3Dculture systems enhance maturation, yielding SC-islets with 

polyhormonal expression (insulin+, glucagon+, somatostatin+). 

 

Challenges: 

 Heterogeneity in differentiated populations. 

 Low efficiency (<40% β-cell purity in some protocols). 
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III. CHARACTERIZATION OF SC-ISLETS 

3.1 Molecular and Functional Markers 

 Immunocytochemistry: PDX1, NKX6.1, and C-peptide expression confirm β-cell identity. 

 Transcriptomics: RNA-seq reveals maturation status (e.g., MAFA expression). 

 Electrophysiology: Calcium flux assays validate glucose responsiveness. 

 

3.2 Quality Control 

 Safety requires stringent screening for off-target differentiation (e.g., ectopic hormone secretion) and genetic 

stability (e.g., karyotyping iPSCs). 

 

IV. FUNCTIONAL EVALUATION 

4.1 In Vitro Studies 

Glucose-Stimulated Insulin Secretion (GSIS) 

 Dynamic Insulin Release: SC-islets derived from human pluripotent stem cells (hPSCs) exhibit glucose-

responsive insulin secretion, though their sensitivity often lags behind primary human islets. 

 Typical fold-change: 2.5–3.0× increase in insulin secretion at high glucose (20 mM) vs. low glucose (2.5 mM) 

(Balboa et al., 2022). 

 Comparative data: Primary islets show 4–5× fold-change, indicating room for SC-islet maturation (Nair et al., 

2020). 

 Mechanistic Insights: 

 Electrophysiology: Patch-clamp studies confirm functional KATP and Ca2+ channels, critical for GSIS 

(Rezania et al., 2014). 

 Metabolic Flux Analysis: SC-islets show lower mitochondrial oxidative phosphorylation vs. adult islets, 

suggesting immaturity (Davis et al., 2020). 

Electron Microscopy (EM) & Ultrastructural Analysis 

 Secretory Granules: EM reveals dense-core vesicles resembling those in primary β-cells, but with: 

 Lower granule density: ~50 granules/cell in SC-islets vs. ~100 in primary β-cells (Hogrebe et al., 2021). 

 Immature morphology: Some granules lack the characteristic crystalline insulin core (Sharon et al., 2019). 

 ER & Golgi Complexity: SC-islets show underdeveloped endoplasmic reticulum networks, potentially 

impacting proinsulin processing (Peterson et al., 2021). 

Additional In Vitro Assays 

 Calcium Imaging: SC-islets exhibit oscillatory Ca2+ fluxes in response to glucose, albeit with delayed kinetics 

(Helman et al., 2020). 

 RNA-Seq: Transcriptomic profiling confirms β-cell markers (e.g., INS, MAFA) but persistent expression of 

progenitor genes (e.g., SOX9) (Veres et al., 2019). 

 

4.2 In Vivo Transplantation Studies 

Mouse Models of Diabetes 

Efficacy Metrics: 

 Time to normoglycemia: SC-islets typically reverse diabetes in NOD/SCID mice within 2–4 weeks post-

transplantation (Vertex Pharmaceuticals, 2023). 

 Human C-peptide levels: Detectable in murine serum, confirming functional engraftment (Shapiro et al., 

2021). 

Limitations: 

 Host microenvironment: Mouse vasculature may not fully support human SC-islet maturation (Pepper et al., 

2022). 
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 Non-physiological glucose challenges: Mouse models use streptozotocin-induced diabetes, which lacks 

autoimmune components. 

 

Immunoprotection Strategies: 

Microencapsulation: 

 Alginate-based devices: Permit nutrient diffusion while blocking immune cells (e.g., ViaCyte’s Encaptra). 

 Challenge: Fibrotic overgrowth limits long-term viability (<6 months in primates) (Tomei et al., 2021). 

Gene Editing for Immune Evasion: 

 PD-L1 overexpression: Reduces T-cell activation (Yasunami et al., 2022). 

 HLA knockout: CRISPR-mediated deletion of HLA class I/II prevents rejection (Deuse et al., 2019). 

3D Bioprinting: 

 Vascularized scaffolds improve oxygenation and survival (e.g., "islet organoids" with endothelial cells) 

(Marchioli et al., 2023). 

 Large Animal & Early Human Trials 

Non-Human Primates (NHPs): 

 SC-islets + immunosuppression maintain normoglycemia for >6 months (Bruin et al., 2023). 

Clinical Trials: 

 Vertex VX-880 (Phase I/II): First patient achieved insulin independence at 90 days (NEJM, 2023). 

 Sernova Cell Pouch: Phase I/II trials show sustained C-peptide production (ClinicalTrials.gov, 2024). 

 

V. CHALLENGES AND FUTURE DIRECTIONS 

5.1 Barriers to Translation 

 Scalability: Cost-effective GMP-compliant production. 

 Immunogenicity: Autologous iPSCs vs. allogeneic ESCs; HLA matching strategies. 

 Long-term Safety: Tumorigenicity risk from residual undifferentiated cells. 

 

5.2 Emerging Solutions 

 CRISPR-edited hypoimmunogenic cells. 

 Vascularized scaffolds to improve engraftment. 

 

VI. CONCLUSION 

SC-islets represent a transformative therapy for T1D, with clinical trials (e.g., Vertex Pharmaceuticals’ VX-880) 

already demonstrating proof-of-concept. Overcoming manufacturing and immunological hurdles will pave the way for 

widespread adoption, potentially eliminating insulin dependence. 
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