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Highlights

	•Beta cell specific CB1 deletion protects islets from the detrimental effects of prolonged nutrient overload and inflammation.

	•Beta cells in T1D are subjected to endoplasmic reticulum stress because of increasing demands to synthesize insulin.

	•Beta cell specific CB1 deletion in NOD mice prevents hyperglycemia and insulitis and preserves beta cell mass and function.

	•NOD beta cells lacking CB1 had reduced expression of the beta cell antigen presenting molecule MHC class I.

	•CB1 blockade should be considered a target for prevention of T1D as it protects beta cells and improves beta cell function.




Abstract
Objective
Type 1 diabetes (T1D) occurs because of islet infiltration by autoreactive immune cells leading to destruction of beta cells and it is becoming evident that beta cell dysfunction partakes in this process. We previously reported that genetic deletion and pharmacological antagonism of the cannabinoid 1 receptor (CB1) in mice improves insulin synthesis and secretion, upregulates glucose sensing machinery, favors beta cell survival by reducing apoptosis, and enhances beta cell proliferation. Moreover, beta cell specific deletion of CB1 protected mice fed a high fat high sugar diet against islet inflammation and beta cell dysfunction. Therefore, we hypothesized that it would mitigate the dysfunction of beta cells in the precipitating events leading to T1D.

Methods
We genetically deleted CB1 specifically from beta cells in non-obese diabetic (NOD; NOD RIP Cre+ Cnr1fl/fl) mice. We evaluated female NOD RIP Cre+ Cnr1fl/fl mice and their NOD RIP Cre− Cnr1fl/fl and NOD RIP Cre+ Cnr1Wt/Wt littermates for onset of hyperglycemia over 26 weeks. We also examined islet morphology, islet infiltration by immune cells and beta cell function and proliferation.

Results
Beta cell specific deletion of CB1 in NOD mice significantly reduced the incidence of hyperglycemia by preserving beta cell function and mass. Deletion also prevented beta cell apoptosis and aggressive insulitis in NOD RIP Cre+ Cnr1fl/fl mice compared to wild-type littermates. NOD RIP Cre+ Cnr1fl/fl islets maintained normal morphology with no evidence of beta cell dedifferentiation or appearance of extra islet beta cells, indicating that protection from autoimmunity is inherent to genetic deletion of beta cell CB1. Pancreatic lymph node Treg cells were significantly higher in NOD RIP Cre+ Cnr1fl/fl vs NOD RIP Cre− Cnr1fl/fl.

Conclusions
Collectively these data demonstrate how protection of beta cells from metabolic stress during the active phase of T1D can ameliorate destructive insulitis and provides evidence for CB1 as a potential pharmacologic target in T1D.
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Abbreviations
2-AG2-Arachidonoylglycerol

5-HT5-hydroxytryptamine

B2Mβ2 microglobulin

Bcl-2B-Cell CLL/Lymphoma 2

CB1Cannabinoid 1 receptor

GCKGlucokinase

GIPGlucose-dependent insulinotropic peptide

GLP-1Glucagon-like peptide-1

GLP-1RGlucagon-like peptide 1 receptor

GLUT2Glucose transporter 2

HTR2B5-Hydroxytryptamine (Serotonin) Receptor 2B

MHCIMajor histocompatibility antigen class 1

NODNon-obese diabetic mouse

NOD RIP Cre+Cnr1fl/flbeta cell-specific CB1 knockout NOD mouse

NOD RIP Cre− Cnr1fl/flwild-type Cre negative littermate with an intact CB1

NOD RIP Cre+ Cnr1Wt/Wtwild-type Cre positive littermate with an intact CB1

PDX-1Pancreatic and duodenal homeobox 1

PKAprotein kinase A

TPH1Tryptophan Hydroxylase 1

Treg Tregulatory cells

UPRunfolded protein response
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