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Mitochondria are involved in the regulation of cellular energy metabolism, calcium homeostasis, and apoptosis. For

mitochondrial quality control, dynamic processes, such as mitochondrial fission and fusion, are necessary to

maintain shape and function. Disturbances of mitochondrial dynamics lead to dysfunctional mitochondria, which

contribute to the development and progression of numerous diseases, including Type 2 Diabetes (T2D).

Compelling evidence has been put forward that mitochondrial dynamics play a significant role in the metabolism-

secretion coupling of pancreatic β cells. The disruption of mitochondrial dynamics is linked to defects in energy

production and increased apoptosis, ultimately impairing insulin secretion and β cell death. 

diabetes  mitochondrial dynamics  glucose-stimulated insulin secretion  pancreatic beta cell

fusion  fission

1. Introduction: Diabetes—A Global Epidemic

Global diabetes mellitus incidences are increasing tremendously in all age groups, affecting the well-being and

quality of life of many individuals . Reports from the International Diabetes Federation stated that nearly 537

million people are suffering from diabetes, which is anticipated to increase to 643 million by 2030 and 783 million

by 2045 . Diabetes is a multifactorial disease, usually associated with persistently high glucose levels

(hyperglycemia), either due to impaired insulin secretion or action . It is categorized into two distinct types: Type 1

(T1D) and Type 2 Diabetes (T2D), wherein T2D accounts for at least 90–95% of total diabetic cases. In people with

T1D, also known as early-childhood or juvenile diabetes, the immune system obliterates insulin-producing

pancreatic beta (β) cells. In contrast, T2D usually develops later, and the patients are characterized by a blend of

two metabolic dysfunctions: insulin resistance and inadequate insulin secretion . Under conditions of insulin

resistance, where insulin-dependent glucose uptake in peripheral organs is reduced, the β cells produce more

insulin to compensate, leading to hyperinsulinemia . Moreover, in some individuals, genetically compromised

cells fail to secrete an adequate amount of insulin, resulting in hyperglycemia, the hallmark of T2D. Ultimately, cell

mass and functions decrease, further aggravating the pathology . Whether the exhaustion of β cells is caused by

elevated insulin production  or dedifferentiation due to other metabolic complications  remains to be

determined. Epidemiological studies reveal that age, lifestyle, ethnicity, smoking, and obesity also contribute to

T2D . Diabetes co-morbidities such as cardiovascular diseases, peripheral vascular diseases, neuropathy,

retinopathy, stroke, and nephropathy are the main reasons for mortality in T2D individuals . Despite extensive

research, the pathophysiology related to the progression and complications of T2D is not fully understood.
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Definitely, to comprehend the underlying mechanisms associated with the disease, it is required to understand the

concept of glucose homeostasis (glycemia).

1.1. Glucose Homeostasis

All mammalian cells require glucose as a metabolic substrate for energy production. Thus, it is necessary to

sustain adequate levels of blood sugar in the range of 4–7 mmol/L. To maintain normal blood glucose levels,

various hormones are released from the brain, liver, adipose tissues, pancreas, intestine, and muscles . Among

these, the endocrine pancreas plays a very critical role in regulating fuel storage by secreting several hormones.

Mature endocrine cells, constituting only 2–3% of the total pancreatic volume, aggregate to form a discrete group

of cells, which are termed the islets of Langerhans. These pancreatic islets consist of five types of endocrine cells:

alpha-cells (15–20%) producing glucagon, beta-cells (65–80%) producing insulin and C-peptide, delta-cells (3–

10%) producing somatostatin, gamma cells (3–5%) producing pancreatic polypeptide (PP), and epsilon-cells (<1%)

producing ghrelin . Human islets display a unique architecture wherein all the endocrine cells are bordered by

the blood vessels, β cells are mostly located in the center, and α cells occupy the mantle position of the islet. As a

result, the ratio of β cells to α cells is relatively higher in the core as compared to the mantle part of the islets .

The highly specialized blood supply pattern through the islet of Langerhans allows the ready exchange of

molecules. The mass of β cells is maintained by the differentiation and replication of existing β cells, which are

governed by different cell cycle machinery . The islet cell organization of the diabetic patient and the non-

diabetic patient does not differ significantly. The quantitative analysis, however, demonstrated a substantial

reduction in β cell mass relative to α cell mass in type 2 diabetic subjects . Two antagonistic hormones, insulin

and glucagon, are crucial in sustaining blood sugar levels in the body . In response to low blood glucose levels

(hypoglycemia), glucagon promotes hepatic glucose release by glycogen breakdown and gluconeogenesis and

enhances lipolysis in adipose tissue. In contrast, insulin has a counter-regulatory effect by reducing high blood

glucose levels (hyperglycemia). Insulin stimulates glycogen production (glycogenesis) and glucose uptake in the

skeletal muscle, liver, and adipose tissues, respectively. Alongside, hepatic glucogenesis and glycogenolysis are

decreased, and lipolysis is potently inhibited . To sense the blood glucose level for regulation of glucose

homeostasis, glucose is transported to and metabolized in cells proportionally to the extracellular level .

1.2. Glucose-Stimulated Insulin Secretion

Glucose-Stimulated Insulin Secretion (GSIS) is a complex event modulated by the integration and interactions of

multiple signal transductions in β cells . Although glucose is the chief stimulator of insulin secretion, several

hormones, nutrients, neural inputs, chemical messengers, and drugs modulate insulin release . Following a

meal, elevated blood glucose levels lead to glucose uptake via facilitated glucose transport into pancreatic β cells.

In the cytoplasm, glucose is metabolized through glycolysis, thereby generating adenosine triphosphate (ATP),

pyruvate, nicotinamide adenine dinucleotide (NADH), and water molecules . The formed pyruvate enters the

mitochondrial matrix, and is converted into acetyl-Coenzyme A (CoA), which enters the tricarboxylic acid (TCA)

cycle for the generation of the reducing equivalents nicotinamide adenine dinucleotide (NADH) and flavin adenine

dinucleotide (FADH2), guanosine triphosphate (GTP), and carbon dioxide (CO ). The reduced electron carriers
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NADH and FADH transfer their high-energy electrons to the electron transport chain (ETC), which harvests the

energy by step-wise transport to drive protons into the intermembrane space, forming a proton gradient. The proton

gradient is used to make ATP by driving the ATP synthase, a process known as oxidative phosphorylation

(OXPHOS) . Specifically, in β cells, the generated ATP elevates the cytoplasmic ATP/ADP ratio, which in

turn closes the ATP-sensitive potassium channel, resulting in plasma membrane depolarization. This initiates the

opening of L-type voltage-gated calcium channels, facilitating calcium (Ca ) ions’ influx into the cells and thereby

triggering the exocytosis of insulin granules . From the above-described sequence of events, it is evident that

the mitochondria of pancreatic β cells control GSIS, in particular by transferring the stored energy of glucose to

ATP, the main trigger of insulin secretion, as represented in Figure 1.

Figure 1. A schematic model showing the steps involved in glucose-stimulated insulin secretion by the pancreatic β

cell.

GSIS is biphasic and has been considered a combined effect of both triggering and amplifying pathways, as shown

in Figure 1. However, the amplifying pathways are more diverse and detailed as compared to the well-defined

triggering pathways . The triggering pathway initiates the first phase of insulin secretion lasting for 5–10 mins by

the K -dependent mechanism, whereas the second phase of insulin secretion lasts for hours, and the majority of

insulin is released in this phase. A sustained second phase is enabled by the amplification pathway, which

augments GSIS by K -independent metabolic signals generated by byproducts of glucose metabolism such as
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nicotinamide, adenine dinucleotide phosphate hydrogen (NADPH), guanosine triphosphate (GTP), glutamate, and

malonyl-CoA . Several hormones and neurotransmitters acting on membrane receptors regulate the

amplification of insulin secretion, such as cyclic adenosine monophosphate (cAMP), diacylglycerol (DAG), and

plasma membrane phosphoinositides. In addition to metabolic signals, lipid metabolism also controls and modifies

insulin secretion. Glucose-stimulated activation of cell division cycle 42 (Cdc42) pathways is important for second-

phase insulin secretion, as it controls the mobilization and exocytosis of insulin. Reports suggest the impairment of

amplifying pathways in β cells in both type 2 diabetic animal models and patients. Drugs that can rectify amplifying

pathways, e.g., Glucagon-like Peptide 1 (GLP-1) conjugates, could be useful in overriding β cell dysfunction and

enhancing insulin secretion in T2D .

2. Mitochondrial Dynamics in Diabetes

Mitochondria are organelles in eukaryotic cells, comprising an inner and an outer membrane separated by the

intermembrane space. Beyond their primary role in fueling energy metabolism, they are also involved in several

processes including cell signaling, calcium homeostasis, and apoptosis . The crucial role of mitochondria in

metabolic disorders, such as diabetes, is evident from the fact that in β cells, around 80% of glucose oxidation

takes place in mitochondria. Therefore, hampering the mitochondrial energy metabolism by blocking the ETC, for

example, impairs GSIS . The significance of mitochondria in metabolism-secretion coupling has further been

illustrated in Rho cells devoid of mitochondrial DNA (mtDNA) that no longer respond to glucose. These cells exhibit

higher NAD(P)H levels, which in turn inhibit the enzyme glyceraldehyde phosphate dehydrogenase but enhance

lactate production by the lactate dehydrogenase enzyme . The above findings highlight the significance of

hydrogen shuttles and mitochondrial respiration in re-oxidizing NAD formed during glycolysis in β cells. The effect

of mitochondrial dysfunction is also demonstrated by mtDNA mutations, e.g., the A3243G mutation in a transfer

RNA (tRNA), which causes a significant decline in both first- and second-phase insulin secretion . Further, the

knockout of mitochondrial transcription factors A (Tfam) in β cells impair OXPHOS and GSIS, resulting in diabetic

mice . The mutation m.8561C>G in the subunit of mitochondrial ATP synthase (MT-ATP6/8) resulted in impaired

complex assembly and decreased ATP production, causing peripheral neuropathy and diabetes mellitus . The

above findings clearly demonstrate the critical role of mitochondria and their function in insulin secretion.

Importantly, mitochondria exist as a dynamic reticular network that frequently undergoes repetitive cycles of fission

and fusion in a regulated manner, referred to as “mitochondrial dynamics.” The mitodynamics are regulated by a

group of highly conserved dynamin-related GTPases  as shown in Figure 2. In humans, mice, and rats, β cell

mitochondria exist as densely interconnected tubules throughout the cytoplasm . In the β cell, mitochondrial

dynamics compensate for damaged and dysfunctional mitochondria by fusing them with functional ones. On the

other hand, fission can drive the removal of damaged or non-functional mitochondria through mitophagy . It is

conceivable to state that a counterbalance between the two dynamic processes is required for normal

mitochondrial functionality. Accumulated pieces of evidence support the notion that disturbances in the tuning of

the fusion/fission process in the pancreatic β cell led to the development and progression of diabetes in animal and

human models.
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Figure 2. Regulation of mitochondrial dynamics by fission, fusion, and mitophagy.

Chronic nutrient exposure (e.g., glucose or free fatty acids) has been associated with increased ROS production,

mitochondrial dysfunction, and enhanced cell apoptosis, thereby perpetuating diabetes and its complications 

. A previous study demonstrated that palmitate-induced mitochondrial fragmentation increased ROS production,

lowered ATP production, and increased cell apoptosis . Similarly, in muscle cells, palmitate treatment caused

lipid accumulation, increased oxidative stress, induced mitochondrial fission, and increased insulin resistance .

In prediabetic Zucker diabetic fatty rats, Troglitazone (TZD) treatment protected β cells from lipotoxicity and lipo-

apoptosis by enhancing the activity of plasma lipoprotein lipase (LPL), thereby lowering the triglyceride content.

TZDs also prevented mitochondrial alteration, improved insulin sensitivity, and henceforth impaired GSIS .

Similarly, β cell mitochondria obtained from diabetic GotoKakizaki rats were found to be disconnected, swollen, and

shorter , indicating possible disruption of mitochondrial structure. Islets obtained from type 2 diabetic patients

showed disrupted mitochondrial structure, reduced ATP levels, and decreased amounts of insulin granules, with a

consequent reduction in insulin secretion . In INS 1e cells and in islets, hyperglycemia-induced mitochondrial

fragmentation decreased membrane potential, increased ROS production, and eventually promoted β cell

apoptosis . Given the evidence for the structure-function relationship of mitochondria, mitochondrial dynamics-

regulating proteins are certainly involved in the pathophysiology of diabetes.

2.1. Mitochondrial Fusion and Its Machinery

Mitochondrial fusion is considered the merging of the outer and inner mitochondrial membranes of two different

mitochondria to form a larger unit. Fusion enables the rapid exchange of metabolites between neighboring
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mitochondria, thereby complementing impaired mitochondria and promoting their functionality . Mitochondrial

fusion is also required for the maintenance and distribution of mtDNA. Before entering the S phase of the cell cycle,

hyperfusion of mitochondria takes place, thereby increasing ATP production . The three large dynamin-family

GTPases responsible for mitochondrial fusion in mammals are Mitofusins 1 and 2 (Mfn1 and 2) and optic atrophy 1

(Opa1), respectively  as depicted in Figure 2.

2.2. Mitochondrial Fission and Its Machinery

Mitochondrial fission is defined as the division of mitochondria into two new organelles. Fission is necessary for

growing cells to provide them with a sufficient number of mitochondria . During cellular stress conditions,

fission enables the removal of damaged mitochondria and promotes apoptosis, thus helping quality control 

. Outer mitochondrial fission is mediated by conserved dynamin family GTPases, mitochondrial fission 1 protein

(Fis1), and dynamin-related protein 1 (Drp1)  as shown in Figure 2.

3. Targeting Mitochondrial Dynamic Proteins

Drp1 also plays a critical role in the regulation of mitophagy as shown in Figure 2, thus helping to maintain

mitochondrial integrity and function necessary for cell survival . Previous studies also demonstrated

mitochondrial fission followed by selective fusion and elimination of dysfunctional mitochondria through mitophagy

. Accumulation of dysfunctional mitochondria and increased ROS production were reported in Type 2 diabetic

patients . In T2D, β cells are exposed to high glucose which is associated with increased oxidative stress

and disrupted mitochondrial morphology that hinders the mitophagy pathway and related genes and eventually

leads to increased insulin resistance and beta cell death . Twig et al demonstrated that inhibition of

mitochondrial fission by DRP1 or FIS1 RNAi resulted in decreased mitophagy, reduced mitochondrial

respiration, and impaired insulin secretion . The indispensable molecular players of the mitophagy process

are PTEN-induced putative kinase 1 (PINK1), E3 ubiquitin ligase PARKIN and CLEC16A, cardiolipin,

transcriptional regulators like Transcription factor B2 (TFB2M), and orphan nuclear receptor Nor1/NR4A3 

. Altered expression of these proteins alters mitochondrial dynamics and impairs the mitophagy process

leading to the development of T2D . The impairment of mitophagy can be restored by mitophagy inducers and

can be used as a promising strategy for ameliorating T2D .

The proper functioning of β cell mitochondria is essential due to their involvement in insulin production and release.

Unregulated mitochondrial dynamic protein function is associated with numerous pathologies, including T2D.

Treatment strategies focusing on manipulating mitochondrial dynamics could possibly ameliorate β cell dysfunction

and help maintain glucose homeostasis. Targeting regulators of mitochondrial dynamics in T2D would be a novel

approach, but it is very challenging due to multifaceted molecular mechanisms that can lead to unexpected side

effects. In recent years, different computational tools have aided in rational drug design and screening of

therapeutically important small molecules. These advances have provided breakthroughs for the development of

pharmacological compounds that can modulate mitochondrial dynamics. It is widely reported that the compound

mdivi-1 inhibits the GTPase activity of Drp1, which is involved in mitochondrial fission. In C2C12 muscle cells,
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mdivi-1 treatment attenuated palmitic acid-induced mitochondrial fragmentation, oxidative stress, mitochondrial

depolarization, and insulin resistance . Delivery of mdivi-1 into diabetic mice reduced mitochondrial fission, ROS

production, inflammation, atherosclerosis, and ameliorated endothelial function . Mdivi-1 treatment exhibited a

cardioprotective effect in HFD-STZ mice by reducing mitochondrial fission, improving mitochondrial function, and

suppressing cardiomyocyte apoptosis . However, a study in the pancreatic β cell line MIN6 and mouse islets

demonstrated that mdivi-1 treatment impaired insulin secretion by affecting substrate supply upstream of

mitochondria . Mdivi-1 reversibly inhibits mitochondrial complex I-O  consumption and ROS production

independently of Drp1 . Collectively, the short-term potential benefits of mdivi-1 are well demonstrated and can

be used in the management of macrovascular complications in T2D. On the other hand, long-term treatment with

mdivi-1 suppresses mitochondrial function, decreases mitochondrial mass, and promotes apoptosis in vascular

smooth muscles . Another compound that is a competitive inhibitor of the GTPase activity of Drp1 is Dynasore. It

acts by inhibiting the endocytic pathway by blocking coated vesicle formation . In ischemia/reperfusion mice,

dynasore treatment prevented mitochondrial fragmentation and oxidative stress, thereby improving overall cardiac

function . P110, a small peptide inhibitor, blocks the Drp1/Fis1 interaction, which is necessary to dock Drp1 on

mitochondria. In cultured neurons, it blocks the binding of Drp1 to Fis1 and exhibits a neuroprotective effect by

inhibiting mitochondrial fragmentation and ROS production . Furthermore, P110 prevented the association of

Drp1 with p53 in the ischemia/reperfusion rat and decreased brain infarction and necrotic cell death . Lastly, 15-

Oxospiramilactone (S3), a diterpenoid derivative, inhibits USP30 (mitochondria localized-deubiquitinase) that

promotes non-degradative ubiquitination of Mfn1/2, which further enhances Mfn1/2 activity and mitochondrial

fusion. In mfn1 or mfn2  knockout cells, it has been observed that S3 restored mitochondrial function and fusion

. In summary, mitochondrial fission inhibitors are promising therapeutic agents for diseases where increased

Drp1 expression is involved in the pathology. It is important to note that limited data are available on their effects on

metabolic diseases like T2D, and therefore further research is needed. Collectively, however, the application of

fission-inhibitors, such as mdivi-1, Dynasore, and P110, or fusion-promoters, such as S3, is not obvious for the

treatment of β cell dysfunction, where fission is required during at least the initial phase of GSIS.

References

1. Debono, M.; Cachia, E. The impact of diabetes on psychological well being and quality of life. The
role of patient education. Psychol. Health Med. 2007, 12, 545–555.

2. Chou, C.Y.; Hsu, D.Y.; Chou, C.H. Predicting the Onset of Diabetes with Machine Learning
Methods. J. Pers. Med. 2023, 13, 406.

3. Baynes, H.W. Classification, pathophysiology, diagnosis and management of diabetes mellitus. J.
Diabetes Metab. 2015, 6, 1–9.

4. DeFronzo, R.A. Pathogenesis of type 2 diabetes mellitus. Med. Clin. 2004, 88, 787–835.

[41]

[67]

[68]

[69]
2

[70]

[71]

[72]

[73]

[74]

[75]

–/– –/–

[76]



Mitochondrial Dynamics and Insulin Secretion | Encyclopedia.pub

https://encyclopedia.pub/entry/49992 8/13

5. Weyer, C.; Tataranni, P.A.; Bogardus, C.; Pratley, R.E. Insulin resistance and insulin secretory
dysfunction are independent predictors of worsening of glucose tolerance during each stage of
type 2 diabetes development. Clin. Diabetol. 2001, 2, 167–172.

6. Kaiser, N.; Leibowitz, G. Failure of beta-cell adaptation in type 2 diabetes: Lessons from animal
models. Front. Biosci.-Landmark. 2009, 14, 1099–1115.

7. Butler, A.E.; Janson, J.; Bonner-Weir, S.; Ritzel, R.; Rizza, R.A.; Butler, P.C. β-cell deficit and
increased β-cell apoptosis in humans with type 2 diabetes. Diabetes 2003, 52, 102–110.

8. Migliorini, A.; Bade, E.; Lickert, H. Islet cell plasticity and regeneration. Mol. Metab. 2014, 3, 268–
274.

9. Donnelly, R.; Emslie-Smith, A.M.; Gardner, I.D.; Morris, A.D. Vascular complications of diabetes.
BMJ 2000, 320, 1062–1066.

10. Harding, J.L.; Pavkov, M.E.; Magliano, D.J.; Shaw, J.E.; Gregg, E.W. Global trends in diabetes
complications: A review of current evidence. Diabetologia 2019, 62, 3–16.

11. De Boer, P.; Giepmans, B.N. State-of-the-art microscopy to understand islets of Langerhans:
What to expect next? Immunol. Cell Biol. 2021, 99, 509–520.

12. Bosco, D.; Armanet, M.; Morel, P.; Niclauss, N.; Sgroi, A.; Muller, Y.D.; Giovannoni, L.; Parnaud,
G.; Berney, T. Unique arrangement of α-and β-cells in human islets of Langerhans. Diabetes
2010, 59, 1202–1210.

13. Cabrera, O.; Berman, D.M.; Kenyon, N.S.; Ricordi, C.; Berggren, P.O.; Caicedo, A. The unique
cytoarchitecture of human pancreatic islets has implications for islet cell function. Proc. Natl.
Acad. Sci. USA 2006, 103, 2334–2339.

14. Cho, J.H.; Kim, J.W.; Shin, J.A.; Shin, J.; Yoon, K.H. β-cell mass in people with type 2 diabetes. J.
Diabetes Investig. 2011, 2, 6–17.

15. Tups, A.; Benzler, J.; Sergi, D.; Ladyman, S.R.; Williams, L.M. Central regulation of glucose
homeostasis. Compr. Physiol. 2011, 7, 741–764.

16. Marty, N.; Dallaporta, M.; Thorens, B. Brain glucose sensing, counterregulation, and energy
homeostasis. Physiology 2007, 22, 241–251.

17. Schwartz, M.W.; Seeley, R.J.; Tschöp, M.H.; Woods, S.C.; Morton, G.J.; Myers, M.G.; D’Alessio,
D. Cooperation between brain and islet in glucose homeostasis and diabetes. Nature 2013, 503,
59–66.

18. Fu, Z.; Gilbert, E.R.; Liu, D. Regulation of insulin synthesis and secretion and pancreatic Beta-cell
dysfunction in diabetes. Curr. Diabetes Rev. 2013, 9, 25–53.



Mitochondrial Dynamics and Insulin Secretion | Encyclopedia.pub

https://encyclopedia.pub/entry/49992 9/13

19. Seino, S. Cell signalling in insulin secretion: The molecular targets of ATP, cAMP and
sulfonylurea. Diabetologia 2012, 55, 2096–2108.

20. Herman, M.A.; Kahn, B.B. Glucose transport and sensing in the maintenance of glucose
homeostasis and metabolic harmony. J. Clin. Investig. 2006, 116, 1767–1775.

21. Mertz, R.J.; Worley, J.F.; Spencer, B.; Johnson, J.H.; Dukes, I.D. Activation of Stimulus-Secretion
Coupling in Pancreatic β-Cells by Specific Products of Glucose Metabolism: Evidence for
privileged signaling by glycolysis. J. Biol. Chem. 1996, 27, 4838–4845.

22. Fernie, A.R.; Carrari, F.; Sweetlove, L.J. Respiratory metabolism: Glycolysis, the TCA cycle and
mitochondrial electron transport. Curr. Opin. Plant Biol. 2004, 7, 254–261.

23. Liemburg-Apers, D.C.; Imamura, H.; Forkink, M.; Nooteboom, M.; Swarts, H.G.; Brock, R.;
Smeitink, J.A.; Willems, P.H.; Koopman, W.J. Quantitative glucose and ATP sensing in
mammalian cells. Pharm. Res. 2011, 28, 2745–2757.

24. Ashcroft, F.M.; Proks, P.; Smith, P.A.; Ämmälä, C.; Bokvist, K.; Rorsman, P. Stimulus–secretion
coupling in pancreatic β cells. J. Cell. Biochem. 1994, 55, 54–65.

25. Rutter, G.A.; Pullen, T.J.; Hodson, D.J.; Martinez-Sanchez, A. Pancreatic β-cell identity, glucose
sensing and the control of insulin secretion. Biochem. J. 2015, 466, 203–218.

26. Henquin, J.C. Triggering and amplifying pathways of regulation of insulin secretion by glucose.
Diabetes 2000, 49, 1751–1760.

27. Straub, S.G.; Sharp, G.W. Glucose-stimulated signaling pathways in biphasic insulin secretion.
Diabetes/Metab. Res. Rev. 2002, 18, 451–463.

28. Kaufman, B.A.; Li, C.; Soleimanpour, S.A. Mitochondrial regulation of β-cell function: Maintaining
the momentum for insulin release. Mol. Asp. Med. 2015, 42, 91–104.

29. Chan, D.C. Mitochondria: Dynamic organelles in disease, aging, and development. Cell 2006,
125, 1241–1252.

30. Wiederkehr, A.; Wollheim, C.B. Impact of mitochondrial calcium on the coupling of metabolism to
insulin secretion in the pancreatic β-cell. Cell Calcium 2008, 44, 64–76.

31. Kennedy, E.D.; Maechler, P.; Wollheim, C.B. Effects of depletion of mitochondrial DNA in
metabolism secretion coupling in INS-1 cells. Diabetes 1998, 47, 374–380.

32. De Andrade, P.B.; Rubi, B.; Frigerio, F.; Van den Ouweland, J.M.; Maassen, J.A.; Maechler, P.
Diabetes-associated mitochondrial DNA mutation A3243G impairs cellular metabolic pathways
necessary for beta cell function. Diabetologia 2006, 49, 1816–1826.

33. Silva, J.P.; Köhler, M.; Graff, C.; Oldfors, A.; Magnuson, M.A.; Berggren, P.O.; Larsson, N.G.
Impaired insulin secretion and β-cell loss in tissue-specific knockout mice with mitochondrial



Mitochondrial Dynamics and Insulin Secretion | Encyclopedia.pub

https://encyclopedia.pub/entry/49992 10/13

diabetes. Nat. Genet. 2000, 26, 336–340.

34. Kytövuori, L.; Lipponen, J.; Rusanen, H.; Komulainen, T.; Martikainen, M.H.; Majamaa, K. A novel
mutation m. 8561C> G in MT-ATP6/8 causing a mitochondrial syndrome with ataxia, peripheral
neuropathy, diabetes mellitus, and hypergonadotropic hypogonadism. J. Neurol. 2016, 263,
2188–2195.

35. Dlasková, A.; Špaček, T.; Šantorová, J.; Plecitá-Hlavatá, L.; Berková, Z.; Saudek, F.; Lessard, M.;
Bewersdorf, J.; Ježek, P. 4Pi microscopy reveals an impaired three-dimensional mitochondrial
network of pancreatic islet β-cells, an experimental model of type-2 diabetes. Biochim. Biophys.
Acta-Bioenerg. 2010, 1797, 1327–1341.

36. Chan, D.C. Fusion and fission: Interlinked processes critical for mitochondrial health. Annu. Rev.
Genet. 2012, 46, 265–287.

37. Newsholme, P.; Haber, E.P.; Hirabara, S.M.; Rebelato, E.L.; Procopio, J.; Morgan, D.; Oliveira-
Emilio, H.C.; Carpinelli, A.R.; Curi, R. Diabetes associated cell stress and dysfunction: Role of
mitochondrial and non-mitochondrial ROS production and activity. J. Physiol. 2007, 583, 9–24.

38. Erion, K.A.; Berdan, C.A.; Burritt, N.E.; Corkey, B.E.; Deeney, J.T. Chronic exposure to excess
nutrients left-shifts the concentration dependence of glucose-stimulated insulin secretion in
pancreatic β-cells. J. Biol. Chem. 2015, 290, 16191–16201.

39. Chang-Chen, K.J.; Mullur, R.; Bernal-Mizrachi, E. β-cell failure as a complication of diabetes. Rev.
Endocr. Metab. Disord. 2008, 9, 329–343.

40. Peng, L.; Men, X.; Zhang, W.; Wang, H.; Xu, S.; Fang, Q.; Liu, H.; Yang, W.; Lou, J. Involvement
of dynamin-related protein 1 in free fatty acid-induced INS-1-derived cell apoptosis. PLoS ONE
2012, 7, e49258.

41. Jheng, H.F.; Tsai, P.J.; Guo, S.M.; Kuo, L.H.; Chang, C.S.; Su, I.J.; Chang, C.R.; Tsai, Y.S.
Mitochondrial fission contributes to mitochondrial dysfunction and insulin resistance in skeletal
muscle. Mol. Cell. Biol. 2011, 32, 309–319.

42. Higa, M.; Zhou, Y.T.; Ravazzola, M.; Baetens, D.; Orci, L.; Unger, R.H. Troglitazone prevents
mitochondrial alterations, β cell destruction, and diabetes in obese prediabetic rats. Proc. Natl.
Acad. Sci. USA 1999, 96, 11513–11518.

43. Mizukami, H.; Wada, R.; Koyama, M.; Takeo, T.; Suga, S.; Wakui, M.; Yagihashi, S. Augmented β
cell loss and mitochondrial abnormalities in sucrose-fed GK rats. Virchows Arch. 2008, 452, 383–
392.

44. Anello, M.; Lupi, R.; Spampinato, D.; Piro, S.; Masini, M.; Boggi, U.; Del Prato, S.; Rabuazzo,
A.M.; Purrello, F.; Marchetti, P. Functional and morphological alterations of mitochondria in
pancreatic beta cells from type 2 diabetic patients. Diabetologia 2005, 48, 282–289.



Mitochondrial Dynamics and Insulin Secretion | Encyclopedia.pub

https://encyclopedia.pub/entry/49992 11/13

45. Deng, S.; Vatamaniuk, M.; Huang, X.; Doliba, N.; Lian, M.M.; Frank, A.; Velidedeoglu, E.; Desai,
N.M.; Koeberlein, B.; Wolf, B.; et al. Structural and functional abnormalities in the islets isolated
from type 2 diabetic subjects. Diabetes 2004, 53, 624–632.

46. Men, X.; Wang, H.; Li, M.; Cai, H.; Xu, S.; Zhang, W.; Xu, Y.; Ye, L.; Yang, W.; Wollheim, C.B.; et
al. Dynamin-related protein 1 mediates high glucose induced pancreatic beta cell apoptosis. Int. J.
Biochem. Cell Biol. 2009, 41, 879–890.

47. Chan, D.C. Mitochondrial fusion and fission in mammals. Annu. Rev. Cell Dev. Biol. 2006, 22, 79–
99.

48. Hoppins, S.; Lackner, L.; Nunnari, J. The machines that divide and fuse mitochondria. Annu. Rev.
Biochem. 2007, 76, 751–780.

49. Benard, G.; Karbowski, M. Mitochondria fusion and fission. Cell Death 2010, 22, 97.

50. Twig, G.; Hyde, B.; Shirihai, O.S. Mitochondrial fusion, fission and autophagy as a quality control
axis: The bioenergetic view. Biochim. Biophys. Acta (BBA)-Bioenerget. 2008, 1777, 1092–1097.

51. Youle, R.J.; Van Der Bliek, A.M. Mitochondrial fission, fusion, and stress. Science 2012, 337,
1062–1065.

52. Mohammadi-Motlagh, H.R.; Sadeghalvad, M.; Yavari, N.; Primavera, R.; Soltani, S.; Chetty, S.;
Ganguly, A.; Regmi, S.; Fløyel, T.; Kaur, S.; et al. β Cell and Autophagy: What Do We Know?
Biomolecules 2023, 13, 649.

53. Shan, Z.; Fa, W.H.; Tian, C.R.; Yuan, C.S.; Jie, N. Mitophagy and mitochondrial dynamics in type
2 diabetes mellitus treatment. Aging 2022, 14, 2902.

54. Rovira-Llopis, S.; Bañuls, C.; Diaz-Morales, N.; Hernandez-Mijares, A.; Rocha, M.; Victor, V.M.
Mitochondrial dynamics in type 2 diabetes: Pathophysiological implications. Redox Biol. 2017, 11,
637–645.

55. Lee, Y.H.; Kim, J.; Park, K.; Lee, M.S. β-cell autophagy: Mechanism and role in β-cell dysfunction.
Mol. Metab. 2019, 27, S92–S103.

56. Twig, G.; Elorza, A.; Molina, A.J.; Mohamed, H.; Wikstrom, J.D.; Walzer, G.; Stiles, L.; Haigh, S.E.;
Katz, S.; Las, G.; et al. Fission and selective fusion govern mitochondrial segregation and
elimination by autophagy. EMBO J. 2008, 27, 433–446.

57. Jung, H.S.; Chung, K.W.; Kim, J.W.; Kim, J.; Komatsu, M.; Tanaka, K.; Nguyen, Y.H.; Kang, T.M.;
Yoon, K.H.; Kim, J.W.; et al. Loss of autophagy diminishes pancreatic β cell mass and function
with resultant hyperglycemia. Cell Metab. 2008, 8, 318–324.

58. Sarparanta, J.; García-Macia, M.; Singh, R. Autophagy and mitochondria in obesity and type 2
diabetes. Curr. Diabetes Rev. 2017, 13, 352–369.



Mitochondrial Dynamics and Insulin Secretion | Encyclopedia.pub

https://encyclopedia.pub/entry/49992 12/13

59. Stiles, L.; Shirihai, O.S. Mitochondrial dynamics and morphology in beta-cells. Best Pract. Res.
Clin. Endocrinol. Metab. 2012, 26, 725–738.

60. Lazarou, M.; Sliter, D.A.; Kane, L.A.; Sarraf, S.A.; Wang, C.; Burman, J.L.; Sideris, D.P.; Fogel,
A.I.; Youle, R.J. The ubiquitin kinase PINK1 recruits autophagy receptors to induce mitophagy.
Nature. 2015, 524, 309–314.

61. Hoshino, A.; Ariyoshi, M.; Okawa, Y.; Kaimoto, S.; Uchihashi, M.; Fukai, K.; Iwai-Kanai, E.; Ikeda,
K.; Ueyama, T.; Ogata, T.; et al. Inhibition of p53 preserves Parkin-mediated mitophagy and
pancreatic β-cell function in diabetes. Proc. Natl. Acad. Sci. USA 2014, 111, 3116–3121.

62. Soleimanpour, S.A.; Gupta, A.; Bakay, M.; Ferrari, A.M.; Groff, D.N.; Fadista, J.; Spruce, L.A.;
Kushner, J.A.; Groop, L.; Seeholzer, S.H.; et al. The diabetes susceptibility gene Clec16a
regulates mitophagy. Cell 2014, 157, 1577–1590.

63. Shi, Y. Emerging roles of cardiolipin remodeling in mitochondrial dysfunction associated with
diabetes, obesity, and cardiovascular diseases. J. Biomed. Res. 2010, 24, 6–15.

64. Nicholas, L.M.; Valtat, B.; Medina, A.; Andersson, L.; Abels, M.; Mollet, I.G.; Jain, D.; Eliasson, L.;
Wierup, N.; Fex, M.; et al. Mitochondrial transcription factor B2 is essential for mitochondrial and
cellular function in pancreatic β-cells. Mol. Metab. 2017, 6, 651–663.

65. Pearson, G.L.; Gingerich, M.A.; Walker, E.M.; Biden, T.J.; Soleimanpour, S.A. A selective look at
autophagy in pancreatic β-cells. Diabetes 2021, 70, 1229–1241.

66. Apostolova, N.; Vezza, T.; Muntane, J.; Rocha, M.; Víctor, V.M. Mitochondrial dysfunction and
mitophagy in type 2 diabetes: Pathophysiology and therapeutic targets. Antioxid. Redox Signal.
2023, 39, 278–320.

67. Wang, Q.; Zhang, M.; Torres, G.; Wu, S.; Ouyang, C.; Xie, Z.; Zou, M.H. Metformin suppresses
diabetes-accelerated atherosclerosis via the inhibition of Drp1-mediated mitochondrial fission.
Diabetes 2017, 66, 193–205.

68. Ding, M.; Dong, Q.; Liu, Z.; Liu, Z.; Qu, Y.; Li, X.; Huo, C.; Jia, X.; Fu, F.; Wang, X. Inhibition of
dynamin-related protein 1 protects against myocardial ischemia–reperfusion injury in diabetic
mice. Cardiovasc. Diabetol. 2017, 16, 1–11.

69. Kabra, U.D.; Pfuhlmann, K.; Migliorini, A.; Keipert, S.; Lamp, D.; Korsgren, O.; Gegg, M.; Woods,
S.C.; Pfluger, P.T.; Lickert, H.; et al. Direct Substrate Delivery into Mitochondrial Fission–Deficient
Pancreatic Islets Rescues Insulin Secretion. Diabetes 2017, 66, 1247–1257.

70. Bordt, E.A.; Clerc, P.; Roelofs, B.A.; Saladino, A.J.; Tretter, L.; Adam-Vizi, V.; Cherok, E.; Khalil,
A.; Yadava, N.; Shealinna, X.G.; et al. The putative Drp1 inhibitor mdivi-1 is a reversible
mitochondrial complex I inhibitor that modulates reactive oxygen species. Dev. Cell. 2017, 40,
583–594.



Mitochondrial Dynamics and Insulin Secretion | Encyclopedia.pub

https://encyclopedia.pub/entry/49992 13/13

71. Salabei, J.K.; Hill, B.G. Mitochondrial fission induced by platelet-derived growth factor regulates
vascular smooth muscle cell bioenergetics and cell proliferation. Redox Biol. 2013, 1, 542–551.

72. Macia, E.; Ehrlich, M.; Massol, R.; Boucrot, E.; Brunner, C.; Kirchhausen, T. Dynasore, a cell-
permeable inhibitor of dynamin. Dev. Cell. 2006, 10, 839–850.

73. Gao, D.; Zhang, L.; Dhillon, R.; Hong, T.T.; Shaw, R.M.; Zhu, J. Dynasore protects mitochondria
and improves cardiac lusitropy in Langendorff perfused mouse heart. PLoS ONE 2013, 8,
e60967.

74. Qi, X.; Qvit, N.; Su, Y.C.; Mochly-Rosen, D. A novel Drp1 inhibitor diminishes aberrant
mitochondrial fission and neurotoxicity. J. Cell Sci. 2013, 126, 789–802.

75. Guo, X.; Sesaki, H.; Qi, X. Drp1 stabilizes p53 on the mitochondria to trigger necrosis under
oxidative stress conditions in vitro and in vivo. Biochem. J. 2014, 461, 137–146.

76. Yue, W.; Chen, Z.; Liu, H.; Yan, C.; Chen, M.; Feng, D.; Yan, C.; Wu, H.; Du, L.; Wang, Y.; et al. A
small natural molecule promotes mitochondrial fusion through inhibition of the deubiquitinase
USP30. Cell Res. 2014, 24, 482–496.

Retrieved from https://encyclopedia.pub/entry/history/show/113122


