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Network analysis of 131 genes differentially expressed between Beta1 cells of
OB and NZO −CH mice. Data were analyzed via Ingenuity Pathway Analysis.
Cellular localization of gene products is shown in blue. Credit: Diabetes (2022).
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Progressive dysfunction and failure of insulin-releasing β-cells is a
hallmark of type 2 diabetes (T2D). DZD researchers have now shown
that diabetes-resistant and diabetes-susceptible mice respond differently
to a carbohydrate-rich diet. The gene expression of the beta cells of the
diabetes-resistant mice changed in such a way that a protective beta cell
cluster developed. In diabetic-prone mice, a failure to adjust gene
expression in response to rising blood glucose levels led to increased
metabolic stress and beta cell failure. The study was published in the
journal Diabetes.

To investigate the mechanisms of beta cell loss in T2D, researchers at
the DZD performed single-cell RNA sequencing of islets of Langerhans
in two obese mouse strains that differ in their susceptibility to diabetes.
Both the diabetes-prone and diabetes-resistant mice have six different
groups of beta cells in their islets, which are very similar in abundance
before treatment.

However, after feeding a carbohydrate-rich diabetogenic diet for two
days, the composition of the beta cell clusters differed significantly
between the strains. The islet cells of the diabetes-resistant mice
developed into a protective beta cell cluster (Beta4). This protective
cluster showed indications of reduced beta cell identity (such as
downregulation of the GLUT2, GLP1R and MafA genes).

Characteristics of mature beta-cell expression decreased. This likely
leads to lower glucose uptake and for some, even gain of the ability to
divide to ultimately produce more beta cells. An in vitro knockdown of
GLUT2 in beta cells led to reduced stress reactions and a decrease in
apoptosis markers (apoptosis = programmed cell death). This could
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explain the improved survival of beta cells in diabetes-resistant mice.

In contrast, beta cells from diabetic-prone mice responded with
expression changes indicative of metabolic pressure and stress in the
endoplasmic reticulum. They also lacked the adaptation of gene
expression towards a more dedifferentiated state. This can presumably
contribute to a later loss of beta cells, which in turn contributes to the
development of diabetes.

"Our study provides new clues as to why obesity does not always lead to
type 2 diabetes. The ability of mice, and presumably humans as well, to
respond to elevated blood glucose levels with a transient reduction in
their beta cell identity appears to play a key role in protecting them from
loss of function and/or apoptosis," said Annette Schürmann, lead author
of the study.

  More information: Pascal Gottmann et al, Heterogeneous
Development of β-Cell Populations in Diabetes-Resistant and
-Susceptible Mice, Diabetes (2022). DOI: 10.2337/db21-1030
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