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«Insulin ist eine Therapie,
aber keine Heilung!»

Frederick Banting, 1923
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Diabetes ist eine Volkskrankheiten



Betazellverlust- und versagen führen zu Typ 1 und 2 Diabetes

extent. However, in certain situations, functional beta cell compen-
sation seems to be insufficient or to deteriorate, increasing beta cell
work load and stress and resulting in functional exhaustion, dediffer-
entiation, and finally beta cell death. Therefore, in T2D, the protection
and recovery of beta cell function should be a main treatment and
prevention target. Despite these findings, many aspects of the role of
beta cell mass and function in diabetes pathogenesis are still unclear.
Yet, we now have a broad spectrum of available technologies to
study human beta cell biology, which should facilitate addressing
unanswered questions.

3. TECHNOLOGIES TO STUDY HUMAN BETA CELL MASS
AND FUNCTION

3.1. In vitro
In vitro approaches utilizing isolated human islets or dispersed beta
cells are currently the method of choice for most investigators to study
human beta cell biology. Although these preparations lack systemic
and organ-level input and are affected by the isolation procedure as
well as the following culture period, their use is highly beneficial for
shedding light on diabetes pathogenesis and therapy. To a certain
extent, islets isolated from subjects with different metabolic statuses
can provide information on ongoing changes in beta cell mass.
Whereas, the outcome of islet isolations depends on numerous factors
and may not always reflect the actual beta cell mass, isolated islets
can provide insight into changes in processes involved in the regulation
of beta cell mass, like proliferation and apoptosis. For instance, islet
size and beta cell number were observed to be increased in islets
isolated from insulin resistant non-diabetic subjects [74], whereas
increased apoptosis was observed in islets isolated from T2D patients
[91]. Similarly, islets isolated from T1D patients were shown to exhibit
elevated rates of apoptosis [131]. Furthermore, isolated islets serve as
a good model for the investigation of hormone secretion in static and
kinetic perifusion settings, with the possibility to test different protocols
and compounds. For instance, use of isolated islets demonstrated the

manifestation of functional compensation in obese and insulin
resistant subjects [70,82]. Similarly, islets isolated from T1D patients
[131e133] revealed loss of beta cell function and recovery in culture.
In addition, isolated islets can be employed to study different elements
of the signal transduction pathway in beta cells, for example, by live
cell imaging of cytosolic calcium [134], NAD(P)H [135] and exocytosis
[136], by assessment of mitochondrial respiration and glycolysis [135],
or by the use of the patch-clamp technique [137]. Finally, isolated
islets are used to determine protein localization by immunohisto-
chemistry [138] and whole islet protein expression by western blots
[139]. Thus, in vitro studies enable detailed investigations on under-
lying mechanisms and potential treatment targets.
Among the new emerging in vitro technologies used on isolated human
islets, transcriptomics seems to be a promising approach as it may
help to resolve the roles of beta cell mass and function in diabetes. The
first comprehensive transcriptomic analysis of major pancreatic cell
types was reported in 2011; in this analysis, two novel beta cell
specific transcriptional regulators (HOPX and HDAC9) were identified
when the expression of 5038 genes were examined in dispersed
human pancreatic cells [140]. Since then, different genes or pathways
related to beta cell dysfunction, including the ones modified by free
fatty acid (palmitate) [141], those involved in deregulated glucose
metabolism [142] and alterations in ubiquitineproteasome system
(UPS) [143] have been discovered by transcriptomic analysis of
whole human islets. Recent advances in next-generation sequencing
approaches have now enabled such studies on the single cell level.
Single cell analysis can help to target cell heterogeneity and, more
importantly, to study cellular changes that would be diluted and
undetectable when analyzed in whole islets or in sorted cell bulks
[144]. Single cell transcriptomics analysis of dispersed human islets
has identified cell type specific genes, transcription factors, and sur-
face markers [145,146] as well as rare cell types and subpopulations
[144,147,148] and genes associated with obesity and type 2 diabetes
[147e149]. In addition, a partially dedifferentiated status was
observed in alpha and beta cells from T2D donors [144], supporting the

Figure 1: Models of the contribution of beta cell mass and function to pathogenesis of type 1 diabetes (A) and type 2 diabetes (B). (A): Beta cell mass and function in the
development of type 1 diabetes. Initiation of islet autoimmunity by genetic and environmental factors leads to a relapsing-remitting decline of beta cell function, continuously
increasing beta cell workload, and stress in the asymptomatic prediabetes phase. Shortly before clinical manifestation of diabetes the prolonged intensified beta cell workload and
autoimmunity results in total cellular exhaustion and enhanced cell death leading to a massive decrease in beta cell mass and the onset of hyperglycemia. In some patients, initial
insulin treatment induces temporary remission called the “honeymoon phase,” which is attributed to a moderate reduction in beta cell workload and antigenicity, resulting in
functional recovery of residual beta cells. However, ongoing autoimmunity and elevated workload lead to recurrence of cellular exhaustion, cell death, and the development of overt
diabetes. Black line: beta cell mass; Blue line: beta cell function. The color-coded background indicates the intensity of beta cell workload and stress caused by immune infiltration,
metabolic demand and hyperglycemia. (B): Beta cell mass and function in the development of type 2 diabetes. In many individuals, genetic predisposition and unhealthy lifestyle
lead to an increased insulin resistance, which is typically met by massive functional and moderate morphological compensation to maintain normoglycemia, thus increasing the
workload of each beta cell. In some of these individuals, functional compensation halts, despite prolonged insulin resistance and results in a further escalation of beta cell workload
and glucose intolerance. In this prediabetic phase, chronic glucose intolerance and elevated blood glucose levels continuously exacerbate beta cell workload and stress,
culminating in cellular exhaustion, cell death, and clinical manifestation of hyperglycemia. Thereafter, uncontrolled hyperglycemia, often in concert with other cytotoxic factors,
leads to accelerated beta cell mass loss and functional deterioration in overt diabetic patients. Black line: beta cell mass; Blue line: beta cell function. The color-coded background
indicates the intensity of beta cell workload and stress caused by insulin resistance, metabolic demand, hyperglycemia and additional cytotoxic factors.
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• Chronische Autoimmunerkrankung bei der 
die Betazellen im Pankreas zerstört werden

Chen et al., 2017; Mol Metab

• Metabolische Erkrankung charakterisiert durch
Insulinresistenz und Hyperglykämie
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Die Langerhans’sche Insel – ein Miniorgan zur Glukoseregulation

entdeckt von Paul Langerhans 1869
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Betazell-Schutz- und Regenerationstherapie könnten heilen

modified after Brusko et al., 2021; Science
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Betazell-Ersatztherapie könnte heilen

Brusko et al., 2021; Science



Optimale Kontrolle des Blutzuckers nach einer Inseltransplantation

Insulin
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Islet
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Latres et al., Cell Metabolism, 2019



Ø Verständnis der Signale und Faktoren, welche die Pankreaszelltypen differenzieren

Ø Übersetzung der Erkenntnisse, um Betazellen aus Stammzellen zu generieren

Ø Identifizierung neuer Entwicklungs- und Krankheitsgene für die Diabetestherapie

Erforschung der Betazellentwicklung zur Verbesserung der Diabetestherapie

Vorläuferzellen
exokrine
ductale
endokrine

Embryonalentwicklung
reifer Pankreas

Gallengang
Duodenum Magen

Hormone

Langerhans’sche
Inselnexokrine

Zellen
Ductus 
Zellen

Blut



Evolutionärer Vergleich der Pankreasentwicklung in Maus, Mensch und Schwein



Bioreaktorupscaling von 3D Stammzellen-generierten Inseln

Betazellen

Siehler et al., 2021; Nature Rev Drug Discovery



Unterschiedliche Quellen der Spenderinseln für die Betazell-Ersatztherapie

Latres E et al. Cell Metab. 2019



Ramzy et al., Cell Stem Cell, 2021; Shapiro et al., Cell Reports Medicine, 2021Brian Shelton: „ It‘s a whole new life!“



Möglichkeiten und Risiken für die Betazellersatztherapie beim T1D 

Derzeitige Probleme und Hürden: 

Ø Sicherheit und Funktionalität der Stammzellen-generierten Inseln => Engineering/Differenzierung

Ø Abstoßung des Transplants => Hypoimmunogene Stammzellen bzw. Verkapselung

Brusko et al., 2021; Science



Wie kann man Betazellen in vivo regenerieren?

Tritschler et al., 2017; Mol Metab



Insulinrezeptor Signaltransduktion in Insulin-produzierenden Betazellen

Halperin, F. et al. Insulin Augmentation of Glucose-Stimulated Insulin Secretion Is Impaired in Insulin-Resistant Humans. Diabetes 61, 301 (2012).
Lopez, X. et al. Exogenous Insulin Enhances Glucose-Stimulated Insulin Response in Healthy Humans Independent of Changes in Free Fatty Acids. J. Clin. Endocrinol. Metab. 96, 3811–3821 (2011).

INS/IGF Signal reguliert Betazell-
Funktion, Proliferation 

& Überleben

POTENTIELLE DIABETES THERAPIE:

Insulin-Sensitivierung der 
Betazell um diese zu schützen
und die Funktion zu erhalten

Insulinresistenz in Betazellen
führt zum Versagen

=> Diabetes
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Entdeckung des insulin inhibitory receptor (Inceptor)



➜ Inceptor ist im Pankreas exprimiert und schützt vor Insulinautoaktivierung
➜Blockierung des Inceptors erhöht Betazellvermehrung und –überleben
➜ Inceptor ist ein attraktives Zielmolekül für den Betazellschutz & -regeneration

Inceptor stoppt die Insulinwirkung in Betazellen und kontrolliert den Blutzucker

Ansarrullah et al., 2021; Nature
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Zusammenfassung

- 100 Jahre nach der Entdeckung des Insulins vestehen wir langsam die 
Pathogenese des Typ 1 und 2 Diabetes

- Ein detaliertes Verständnis der Embryonal- und Pankreasentwicklung
erlauben es Betazellen aus Stammzellen zu generieren

- Stammzellen-generierte Inseln funktionieren nach der Transplantation, 
aber die Funktionalität und Abstoßung müssen verbessert werden

- Die Mechanismen zum Schutz und der Regeneration der Betazelle
können in der Zukunft zu kausalen Therapien genutzt werden
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