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ABSTRACT 

Karolina Tyka: The role of MCPIP1 in insulin-secreting cells: comparison with 

SPL and HC mechanisms of action 
 

Type 1 diabetes mellitus (T1DM) is an autoimmune disease characterized by a selective 

destruction and death of insulin-secreting beta-cells in pancreatic islets, the process 

driven by a local inflammation (insulitis). Proinflammatory cytokines produced by 

activated immune cells infiltrating pancreatic islets are the main mediators of beta-cell 

dysfunction and death. The involvement of inflammation in the cytokine-mediated 

dysfunction and death of beta-cells is recently under intense investigation. Therefore, 

the main aim of this dissertation was to uncover the role of a novel anti-inflammatory 

protein, monocyte chemotactic protein–induced protein 1 (MCPIP1) in the regulation of 

beta-cell fate and function under T1DM-simulating conditions. Moreover, the effects of 

a second anti-inflammatory protein, sphingosine-1 phosphate lyase (SPL) in insulin-

secreting cells exposed to proinflammatory cytokines were studied. Additionally, the 

mechanism of homocysteine (HC) toxicity in insulin-secreting cells was analyzed in the 

context of diabetic hyperhomocysteinemia. 

MCPIP1 is a novel powerful ribonuclease with RNase and deubiquitinase activity. Rat 

insulin-secreting cells were characterized by a lower expression of MCPIP1 than human 

beta-cells. A moderate overexpression of MCPIP1 protected rat insulin-secreting INS1E 

cells against cytokine-mediated toxicity in a NFB-dependent manner.  MCPIP1 

overexpression decreased cytokine-induced nitrooxidative stress as well as ER stress. 

These effects were dependent on the presence of the PIN/DUB domain of MCPIP1.  

Suppression of MCPIP1 in human EndoC-H1 beta-cells resulted in an increased cell 

death and the activation of the master transcription factor NFB after exposure to 

proinflammatory cytokines.  

SPL is a highly conserved ER-located enzyme that catalyzes an irreversible degradation 

of a bioactive sphingolipid, sphingosine-1 phosphate (S1P). SPL was relatively weakly 

expressed in insulin-secreting cells and its overexpression protected against cytokine-

mediated cell death.  In contrast to MCPIP1, the SPL-dependent protection was NFB-

independent and predominantly mediated by the maintenance of ER and mitochondrial 

chaperone protein expression, namely BiP, Sec61a and prohibitin 2. This resulted in a 

reduced calcium leakage from ER and prevented cytokine-induced apoptosis. 

Homocysteine (HC) is an amino acid, which is present at high concentrations in serum 
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of diabetic patients. HC induced beta-cell death and its toxicity was strongly dependent 

on the induction of oxidative stress in the cytoplasmic compartment. Overexpression of 

antioxidative enzymes significantly reduced HC toxicity with the strongest protection 

achieved by a parallel overexpression of catalase and CuZnSOD. HC did not induce the 

NFB-iNOS pathway in insulin-producing cells.  

As shown in this dissertation, overexpression of both anti-inflammatory proteins 

provided significant protection against cytokine-mediated beta-cell death, however via 

distinct molecular mechanisms. Therefore, the weak anti-inflammatory defense status of 

pancreatic beta-cells seems to play an important role in their extraordinary susceptibility 

to proinflammatory cytokines in parallel with their well-known weak antioxidative 

defense status. On the other hand, HC toxicity was strongly dependent on oxidative 

stress induction without affecting the NFB-iNOS pathway. Thus, the weak 

antioxidative defense status of beta-cells seems to be responsible for the toxic action of 

HC in these cells. 
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ZUSAMMENFASSUNG 
 

Karolina Tyka: Die Rolle von MCPIP1 in insulinsezernierenden Zellen im 

Vergleich zu SPL und HC Wirkmechanismen 

 

Der Typ 1 Diabetes mellitus (T1DM) ist eine Autoimmunerkrankung, die durch eine 

selektive Zerstörung und apoptotischen Zelltod von pankreatischen 

insulinsezernierenden Beta-Zellen, gekennzeichnet ist. Dieser Prozess wird durch eine 

lokale Entzündung (Insulitis) getrieben. Proinflammatorische Zytokine, die von 

aktivierten Immunzellen produziert werden, sind für die Dysfunktion und den Tod von 

Beta-Zellen verantwortlich. Die Beteiligung von Entzündungsprozessen am 

zytokinvermittelten Tod von Beta-Zellen wird derzeit intensiv untersucht. Das 

Hauptziel dieser Dissertation war es, die Wirkung des neuen antiinflammatorischen 

Proteins, monocyte chemotactic protein - induced protein 1 (MCPIP1) in 

insulinsezernierenden Zellen unter T1DM-simulatorischen Bedienungen zu 

untersuchen. Darüber hinaus wurde auch die Rolle von einem zweiten 

antiinflammatorischen Protein, sphingosine-1 phosphate lyase (SPL) in 

zytokinbehandelten Beta-Zellen analysiert. Zusätzlich wurde der Mechanismus der 

Homocystein-Toxizität in insulinsezernierenden Zellen im Zusammenhang mit der 

diabetischen Hyperhomocysteinämie analysiert.  

Das MCPIP1-Protein  ist eine kürzlich entdeckte Ribonuklease mit RNase- und 

Deubiquitinase-Aktivität. Die insulinsezernierenden Rattenzelllinien waren durch eine 

geringere Expression von MCPIP1 im Vergleich zu menschlichen Beta-Zellen 

gekennzeichnet. Eine moderate Überexpression von MCPIP1 schützte 

insulinsezernierenden INS1E-Rattenzellen gegen die Zytokin-vermittelte Toxizität auf 

eine NFB-abhängige Art.  Die Überexpression von MCPIP1 verringerte den 

zytokininduzierten nitrooxidativen Stress sowie den ER-Stress. Diese Effekte waren 

abhängig von der Anwesenheit der PIN/DUB-Domäne im MCPIP1-Protein.  Die 

Suppression von MCPIP1 in humanen EndoC-H1 Beta-Zellen führte zu einem 

erhöhten Zelltod und einer Aktivierung von NFB nach einer Inkubation mit 

proinflammatorischen Zytokinen.  

Das SPL-Protein ist ein ER-lokalisiertes Enzym, das ubiquitär exprimiert wird und den 

irreversiblen Abbau von Sphingosin-1-Phosphat (S1P) katalysiert. Die Untersuchungen 

zeigten, dass die SPL in insulinsezernierenden Zellen relativ schwach exprimiert wurde 
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und dessen Überexpression vor dem zytokinvermittelten Zelltod schützte.  Im 

Gegensatz zu MCPIP1 war der SPL-abhängige Schutz NFB-unabhängig und wurde 

überwiegend durch die Erhaltung der Expression von ER- und mitochondrialen 

Chaperonproteinen, nämlich BiP, Sec61a und Prohibitin 2 vermittelt. Das führte zu 

einem reduzierten Kalziumverlust aus dem ER und verhinderte die zytokininduzierte 

Apoptose.  

Homocystein (HC) ist eine Aminosäure, die in hohen Konzentrationen im Serum von 

diabetischen Patienten vorhanden ist. HC induzierter Beta-Zelltod und ihre Toxizität 

war stark abhängig von der Induktion von oxidativem Stress im zytoplasmatischen 

Zellkompartiment. Die Überexpression von antioxidativen Enzymen reduzierte die HC-

Toxizität signifikant mit dem Stärksten Effekt von Überexpression von Katalase und 

CuZnSOD. HC induzierte keinen NFB-iNOS-Signalweg in insulinproduzierenden 

Zellen.  

Wie in dieser Dissertation gezeigt, sind unterschiedliche molekulare Mechanismen für 

den Schutz, der durch zwei untersuchten antiinflammatorischen Proteine, MCPIP1 und 

SPL verursacht wurde, verantwortlich. Daher scheint der schwache 

antiinflammatorische  Abwehrstatus der pankreatischen Beta-Zellen eine wichtige Rolle 

bei ihrer außergewöhnlichen Suszeptbilität für proinflammatorische Zytokine zu 

spielen, parallel zu ihren schwachen antioxidativen Abwehrmechanismen. Andererseits 

war die HC-Toxizität deutlich von oxidativem Stress abhängig, ohne es den NFB-

iNOS-Signalweg zu beeinflussen. So scheint der schwache antioxidative Abwehrstatus 

der Beta-Zellen für die toxische Wirkung von HC in diesen Zellen verantwortlich zu 

sein. 
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1 INTRODUCTION 

 

Diabetes has been named the epidemics of XXI century, as the number of people 

affected by this metabolic disease is rapidly increasing (Hummel et al. 2012, Sherwin 

and Jastreboff 2012, Atkinson et al. 2014). The hallmark of diabetes is chronic 

hyperglycemia caused by disturbed glucose homeostasis, the process initiated by 

complex mechanisms of multiple aetiology (see 1.3 section). During diabetes 

development pancreatic insulin-secreting beta-cells undergo progressive dysfunction 

and death. Therefore identification of novel molecular mechanisms involved in 

dysregulation of beta-cell fate and function is of crucial importance for development of 

future therapeutic approaches.  

 

1.1 Physiology of pancreatic beta-cells  

 

Beta-cells are one of the most important and irreplaceable cell types in human body, 

since they produce and secrete insulin - the hormone essential for our life. Beta-cells are 

localized exclusively in the pancreas. The pancreas is an organ with two distinct 

functional regions: the exocrine pancreas that secretes digestive enzymes into the 

duodenum and the endocrine pancreas that secretes hormones into the blood stream 

(Collombat et al. 2010). It is localized in the upper abdominal area, and that is strictly 

connected with its function. In human, the endocrine pancreas, which compromises only 

a small fraction of the whole organ (~5%), consists of approximately 3 million 

pancreatic islets, called islets of Langerhans (McEvoy 1981, Lenzen 2011, Ionescu-

Tirgoviste et al. 2015) (Fig.1). Pancreatic islets are made of specialized hormone-

secreting cells that work together like a small single organ with a very well organized 

self-regulation system and tight communication between different cell types (Hutton et 

al. 2004, Rutter et al. 2015). So far five cell types have been distinguished in human 

islets: β-cells (~55%) secreting insulin, α-cells (~35%) secreting glucagon, δ-cells 

(~11%) secreting somatostatin, γ-cells (<5%) secreting pancreatic polypeptide (PP) and 

newly discovered ε-cells secreting ghrelin (<1%) (Brissova et al. 2005, Cabrera et al. 

2006, Andralojc et al. 2009, Rutter et al. 2015). Beta-cells are the only source of insulin, 

the most important anabolic hormone, responsible for the unbiased absorption of 

nutrients by target tissues (mainly liver, skeletal muscle and adipose tissue) and 

maintenance of glucose homeostasis (Lenzen and Panten 1988, Kulkarni 2004, Rutter et 
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al. 2015). In response to hyperglycemic conditions beta-cells secrete insulin, which 

stimulates glucose uptake and formation of glycogen, mainly in the liver and skeletal 

muscle (Roder et al. 2016). The secretion of glucagon, the hormone that antagonizes 

insulin action, is activated by low blood glucose level to prevent hypoglycemia. 

Glucagon is responsible for the conversion of glycogen to glucose, elevation of blood 

glucose concentration and inhibition of insulin secretion (Gromada et al. 2007, 

Ramnanan et al. 2011). Somatostatin (SST) is predominantly produced by δ-cells and 

modulates insulin and glucagon secretion (Wollheim et al. 1977, Wollheim et al. 1977, 

Gromada et al. 2001, Hauge-Evans et al. 2009). In pancreatic islets, pancreatic 

polypeptide (PP) secretion increases rapidly postprandially and as recently reported may 

inhibit glucagon secretion (Aragon et al. 2015).  

 

Fig. 1. Schematic structure of the rat pancreatic islet. 

According to Efrat S., Russ H.A., Making β cells from adult tissues, 2012, Trends Endocrinol Metab. 
 

 

1.2 Glucose-stimulated insulin secretion 

 

Discovering of insulin by Banting, Best, Collip and MacCleod in the early 1920s was a 

ground-breaking event in the diabetes research and resulted in the Nobel prize in 

medicine in 1923 (Banting et al. 1922). Insulin was the first identified protein hormone 

and like most of the secretory proteins is synthesized as an inactive protein precursor – 

preproinsulin (encoded by 110 amino acids) (Chan et al. 1976). The presence of 

the N-terminal signal peptide enables preproinsulin to translocate from the cytosol to 

the ER lumen where it is further processed to proinsulin by a removal of the signal 

peptide sequence. Finally, proinsulin (86 amino acids) is transported to the Golgi 

apparatus and processed through the prohormone convertases PC2 and PC1/3 to the 
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mature insulin (51 amino acids) and C-peptide in the immature secretory vesicles 

(Hutton 1994, Steiner et al. 1996, Turner and Arvan 2000, Weiss et al. 2000). Insulin, 

together with C-peptide and other beta-cell secretory products, is then stored in insulin 

granules in cytoplasm and awaiting for release upon stimulation (Hutton et al. 1990). 

Insulin is a heterodimer protein consisting of a 21-amino acid A-chain linked to a 30-

amino acid B-chain by two disulfide bonds derived from cysteine residues (Sanger and 

Thompson 1953). It regulates a number of intracellular processes such as protein and 

lipid biosynthesis, RNA and DNA synthesis as well as cell growth and differentiation 

(Baseman et al. 1974, Straus 1981, Klemm et al. 2001, Dimitriadis et al. 2011). 

The most important function of insulin is the regulation of glucose uptake by target 

tissues (Rutter et al. 2015). Glucose is the most potent stimulus for insulin secretion and 

a crucial regulator of insulin biosynthesis (Poitout et al. 2006). Pancreatic beta-cells are 

equipped with glucose transporters (GLUT), from which the low-affinity and high-

capacity glucose transporter 2 (GLUT2) is predominantly expressed in rat 

insulin-secreting cells, in contrast to human beta-cells, in which GLUT1 is the main 

GLUT isoform (Lenzen and Tiedge 1994, Brown 2000, Thorens 2001). Once entered 

into beta-cells glucose is phosphorylated by the action of glucokinase and enters the 

glycolysis pathway (Iynedjian 1993, De Vos et al. 1995, Matschinsky 1996, Lenzen 

2014) (Fig. 2). Glucokinase (GK) is considered to be a “glucose sensor” in beta-cells 

(Lenzen and Panten 1988, Hofmeister-Brix et al. 2013, Lenzen 2014). The increased 

rate of glycolysis results in the elevation of mitochondrial oxidative phosphorylation, 

raising ATP generation. The higher ATP/ADP ratio fosters the closure of ATP-sensitive 

potassium channels (KATP channels), leading to depolarization of the plasma membrane 

and opening of voltage-dependent Ca2+ channels (Cook and Hales 1984, Pralong et al. 

1990, Rutter 2001, Rutter et al. 2015). The influx of Ca2+ triggers the activation of 

exocytosis of insulin-containing granules (MacDonald et al. 2005, Rutter et al. 2006). 

Many hormones, small peptides and other intracellular messengers can additionally 

regulate glucose-stimulated insulin secretion (Holz 2004, Campbell and Drucker 2013, 

Jones et al. 2018).  
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Fig. 2. Schematic illustration of glucose-stimulated insulin secretion. 

According to Lenzen  and Panten, Signal recognition by pancreatic −cells, 1988, Biochem Pharmacol. 
and Rutter G.A., Nutrient–secretion coupling in the pancreatic islet β-cell: recent advances, 2001, Mol 
Aspects Med. Glc -glucose, GLUT2 – glucose transporter 2, GK – glucokinase. 
 

 

1.3 Diabetes mellitus 

 

According to the International Diabetes Federation around 400 million adults 

worldwide suffer from diabetes, among them almost 1 in 2 (46%) is undiagnosed 

(International Diabetes Federation 2018). Diabetes mellitus is the most common 

metabolic disorder worldwide with a rapidly increasing rate of incidence (International 

Diabetes Federation 2018). The disease is characterized by chronically elevated blood 

glucose levels (hyperglycemia) caused by either insulin deficiency or insulin resistance 

(Cnop et al. 2005). Hyperglycemia can lead to significant damage of various organs, 

especially eyes (retinopathy), kidneys (nephropathy), the nervous system (neuropathy), 

heart and blood vessels (cardiovascular disease), and in extreme cases may end in the 

form of diabetic coma and death (Paton 1981, Atkinson and Maclaren 1994, Kahn 2001, 

Heng et al. 2013, Piccoli et al. 2015). The two most common forms of diabetes are type 

1 and type 2, though meanwhile many other types are recognized (Kahn 2003, 

Stenstrom et al. 2005, Gilmartin et al. 2008, Atkinson et al. 2014, Kherra et al. 2017). 

Type 1 diabetes mellitus (T1DM) is an autoimmune disorder that results from a 

selective destruction of pancreatic beta-cells by activated immune cells infiltrating islets 

and is characterized by the absolute insulin deficiency (Atkinson and Maclaren 1994, 
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Bach 1994, Eizirik et al. 2008). T1DM develops mostly in children and young 

adolescents.  Type 2 diabetes mellitus (T2DM) results from defective insulin secretion 

and parallel insulin resistance of target tissues caused by a chronic exposure to elevated 

levels of glucose and free fatty acids (FFAs) (Kahn 2003, Cnop et al. 2005, Lenzen 

2011). The diagnosis of T2DM can occur at any age, but the greatest number of T2DM 

patients is diagnosed between their 40-60 years of age and suffers from metabolic 

syndrome. Other forms of diabetes include: 

• gestational diabetes mellitus (GDM), which affects between 2% and 5% of 

pregnant women and is caused by an impairment of insulin receptors due to 

the presence of hormones from the placenta (Gilmartin et al. 2008), 

• LADA diabetes (Latent Autoimmune Diabetes in Adults) also known as 

“late-onset” diabetes. Most adults diagnosed with LADA are older than 35 years 

of age, they have T2DM phenotype combined with the presence of islet 

antibodies and slowly progressive -cell failure (Stenstrom et al. 2005), 

• monogenic diabetes, a rare type of diabetes that is caused by a single gene 

mutation and accounts for 1-2% of all diabetes cases. Symptoms of both T1DM 

and T2DM, lead often to false first diagnosis (Kherra et al. 2017).  

 

1.3.1 Type 1 diabetes mellitus  

 

T1DM is an autoimmune disease characterized by a specific destruction and death of 

pancreatic beta-cells (Gepts 1965, Nerup et al. 1970, Bottazzo et al. 1974, MacCuish et 

al. 1974, Eizirik et al. 2008, Eizirik et al. 2009, Atkinson et al. 2014). One of the criteria 

of an autoimmune disease is manifestation of humoral or cell-mediated autoimmunity 

directed against the host cells (Bach 1994). In the pancreatic islets of T1DM patients 

autoantibodies against membrane and cytosolic components of beta-cells, as well as 

activated T cells have been described (Bach 1994). The first discovered autoantibody 

was against the islet cell (ICA) and later on subsequently, antibodies to insulin (IAA), 

glutamic acid decarboxylase (GAA or GAD) and protein tyrosine phosphatase (IA2 or 

ICA 512) were described (Bottazzo et al. 1974, Palmer et al. 1983, Baekkeskov et al. 

1990, Atkinson and Maclaren 1993). Autoantibodies are currently the most robust 

biomarkers of T1DM and help to predict T1DM development (Bottazzo et al. 1974, 

Wenzlau and Hutton 2013, Brorsson et al. 2015, Sims et al. 2018), though also other 
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biomarkers are being tested recently (Loopstra-Masters et al. 2011, Guay and Regazzi 

2013, Sims et al. 2018).  

The incidence and prevalence of T1DM vary substantially between the different 

countries. It is most common in Finland and Sardinia (> 40 cases per 100 000 people 

each year), while Chinese, Indian and Venezuelian populations are significantly less 

affected (0-1 cases per 100 000 people each year). This geographical dependency is still 

not fully understood, but it seems to be related to the genetic and environmental 

influences (Atkinson et al. 2014).  In T1DM patients significant changes in the 

morphology of pancreatic islets are observed (Rowe et al. 2011). As a consequence of 

the lack of beta-cells, the islets of T1DM patients are abnormally small in contrast to 

healthy controls (Rowe et al. 2011, Campbell-Thompson et al. 2016). By the time of 

diagnosis, -cell mass is usually reduced by 50-80% (Williams et al. 2012, Campbell-

Thompson et al. 2016). Interestingly, no differences in the presence of other cell types 

(-cells, -cells and PP cells) are observed (Gepts 1965, Cnop et al. 2005, Richardson et 

al. 2014). Moreover, in T1DM patients, islet transplantation therapy is challenging due 

to a high risk of transplant rejection and damage of beta-cells by a selective 

autoimmune response (Kanak et al. 2014). 

 

1.3.2 Proinflammatory cytokine-mediated beta-cell destruction and death in 

T1DM development 

 

The model of proinflammatory cytokine-mediated beta-cell death in T1DM has been 

presented in 1994 by Nerup et al. and represents a consensus of cellular and humoral 

immune mediator interactions affecting beta-cells during T1DM development (Nerup et 

al. 1994) (Fig.3). This model is still valid, though it has been updated by additional 

findings in the field over years. According to the Copenhagen model in the process 

called “insulitis” activated immune cells infiltrate pancreatic islets and cause beta-cell 

destruction and death. The trigger of the autoimmune attack on beta-cells remains still 

unclear, but it has been suggested that certain environmental factors (food components, 

viral infections) may initiate beta-cell damage and a release of beta-cell antigens in 

genetically predisposed subjects (Atkinson 2005, Knip and Simell 2012, Altobelli et al. 

2016). A number of viruses have been associated with the onset of T1DM, but the 

primary candidates to promote the disease in humans are enteroviruses (Filippi and von 

Herrath 2008, Eizirik and Op de Beeck 2018, Ifie et al. 2018). Recent clinical and 

pathological studies support the hypothesis that enteroviral infection of beta-cells might 
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lead to local inflammation and be a starting point of autoimmunity and T1DM 

development (Marroqui et al. 2015, Op de Beeck and Eizirik 2016). In Finland the 

pattern between seasonal enterovirus infection and appearance of autoantibodies in 

children with T1DM has been observed (Kimpimaki et al. 2001). The molecular 

mechanism of beta-cell death in T1DM is believed to rely on the action of 

proinflammatory mediators and the contact-dependent disruption of beta-cells by the 

cytotoxic T-cells (Roep 2003, Roep and Peakman 2011, Berchtold et al. 2016).  Among 

the immune cells infiltrating pancreatic islets the greatest part represent T cells and 

macrophages but also B cells and natural killer cells can be detected (Hänninen 1992, 

Jörns et al. 2014). T helper cells - CD8+ and CD4+ T cells play the most important role 

in the destruction of beta-cells and it has been shown that both are necessary and 

sufficient to cause T1DM in animal models (Kolb et al. 1996, Rabinovitch et al. 1996, 

Reddy et al. 2001, Weiss et al. 2002, Roep and Peakman 2011, Jörns et al. 2014). 

Activated immune cells secrete a number of proinflammatory cytokines and other 

mediators (e.g. reactive oxygen and nitrogen species (ROS/RNS)) in the vicinity of 

pancreatic islets that can directly damage beta-cells or influence beta-cell function and 

gene expression (Flodström et al. 1996, Eizirik and Mandrup-Poulsen 2001, Lenzen 

2008, Kim and Lee 2009, Gurgul-Convey et al. 2011). Among all proinflammatory 

cytokines engaged in T1DM, the action of IL-1, TNF and IFN is the best known 

(Fig. 4). The most recent data show however involvement of many other cytokines and 

chemokines, which mechanisms of action are not yet fully understood (Atkinson and 

Wilson 2002, Hulme et al. 2012, Marwaha et al. 2014). The destruction of beta-cells 

leads to the release of antigenic proteins that are presented to the immune system, in a 

self-amplification manner which aggravates autoimmune process resulting in a 

complete destruction of beta-cells (Bergholdt et al. 2004). Additionally, 

proinflammatory cytokines induce the activation of Fas receptors and MHC class I on 

beta-cell surface (Petrovsky et al. 2002, Richardson et al. 2016), activate transcription 

factors and induce the expression of proapoptotic and proinflammatory genes in beta-

cells (Eizirik and Mandrup-Poulsen 2001, Cnop et al. 2005, Gurgul-Convey et al. 2012, 

Berchtold et al. 2016). Finally, the activated T cells secrete humoral substances, 

including perforin and proteases granzyme A and B, which can directly destroy beta-

cells (Pirot et al. 2008, Thomas et al. 2010). Perforins create tubular complexes in the 

cell membrane through which proteases A and B can pass into the cell and activate 
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nucleases and caspases that mediate DNA damage and cell death (Eizirik and Mandrup-

Poulsen 2001, Cnop et al. 2005, Kroemer et al. 2009).  

 

 

Fig. 3. Copenhagen model of beta-cell destruction in T1DM. 

According to Freiesleben De Blasio B., Bak P., Pociot F., Karlsen A.E., Nerup J., Onset of type 1 
diabetes: a dynamical instability, 1999, Diabetes. 
 

In the cytokine-induced beta-cell death, both apoptosis and necrosis have been observed 

(Eizirik and Mandrup-Poulsen 2001). However, the growing body of evidence indicates 

that apoptosis is the main mode of beta-cell death during the T1DM development 

(Eizirik and Mandrup-Poulsen 2001, Cnop et al. 2005, Lenzen 2008, Berchtold et al. 

2016).  

IL-1 is the crucial proinflammatory cytokine involved in beta-cell death in T1DM 

(Mandrup-Poulsen 1996, Mandrup-Poulsen 2012). IL-1 belongs to the IL-1 protein 

family, which includes the three members: IL-1α, IL-1β and the IL-1 receptor 

antagonist (IL-1Ra) (Mandrup-Poulsen 2012). The soluble protein IL-1Ra binds to the 

IL-1RI receptor and prevents its interaction with the partner receptor IL-1RAcP, thus 

disrupting the signal transduction into the cell (Greenfeder et al. 1995, Mandrup-

Poulsen et al. 2010, Nepom et al. 2013) and was shown to prevent T1DM development 

in animal models (Ablamunits et al. 2012). Pancreatic beta-cells express two types of 

IL-1 receptors (IL-1R) (Dinarello 1997), but only IL-1RI is responsible for signal 

transduction.  IL-1β binding to IL-1RI results in conformational changes of its 

cytoplasmic domain and this leads to the activation of the downstream signaling events, 
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including three major pathways: the activation of the nuclear factor κB (NFκB), 

mitogen-activated protein kinases (MAPK) and protein kinase C (PKC) (Eizirik and 

Mandrup-Poulsen 2001). The binding of the adaptor protein MyD88 to the activated 

receptor favors the recruitment of the IL-1RI-activated kinase (IRAK) proteins to 

the receptor complex (Dupraz et al. 2000). IRAK4 undergoes autophosphorylation and 

in turn phosphorylates other IRAK proteins as well as the TNF-receptor-associated 

factor-6 (TRAF6) (Cheng et al. 2007). Phosphorylation of TRAF6 stimulates 

the generation of a polyubiquitin chain via an associated ubiquitin-ligase complex 

(Deng et al. 2000). This is a prerequisite for the dissociation of the IRAK-TRAF6 

complex from the IL-1RI and its interaction with another cytosolic protein complex, 

namely the kinase-TGFβ-associated kinase 1 (TAK1) and two TAK1- binding proteins 

(TAB1 and TAB2). The polyubiquitin chain binds to the TAB proteins in 

the TAK1/TAB complex and initiates phosphorylation and activation of the IKK 

complex (Kanayama et al. 2004, Chiu et al. 2009). This leads to phosphorylation and 

degradation of the inhibitory protein κB (IκB) and results in activation and translocation 

of NFκB to the nucleus (Gilmore 1999). The activated NFκB regulates the expression of 

target genes, mostly involved in apoptosis and inflammation (Cardozo et al. 2001, 

Oeckinghaus and Ghosh 2009). The IL-1-dependent signaling pathway in beta-cells is 

shown in Fig. 4. 

TNFα is a proinflammatory cytokine produced primarily by the activated macrophages 

in response to inflammation, infection and environmental stressors (Bradley 2008). It is 

detected in all animal models of T1DM and human pancreas from T1DM patients 

(Cavallo et al. 1991, Jörns et al. 2014).  It can activate downstream signaling pathways 

via binding to two specific receptors: the TNF receptor 1 (TNF-R1) also known as p55 

and the TNF receptor 2 (TNF-R2) known as p75. TNF-R1 is expressed constitutively in 

the great majority of the cells including insulin-secreting cells (Kagi et al. 1999), while 

the inducible TNF-R2 is typically expressed in the immune cells (Idriss and Naismith 

2000). The TNF-R1 in contrast to TNF-R2, contains the so-called death domain (DD) 

on its cytosolic side, which is crucial for the death signal transmission (Park et al. 

2007). The binding of TNFα to TNF-R1 triggers receptor trimerization and results in 

conformational alterations, which lead to the interaction of DD with the adaptor protein 

TNFα-receptor-associated death domain (TRADD) (Park et al. 2007). TRADD recruits 

the Fas-associated death domain (FADD) and creates with the two other components – 

a serine/threonine kinase (RIP1) and TNFα receptor associated factor 2 (TRAF2) 
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a complex of proteins, which may either activate caspase-8 or participate in the NFB 

signaling pathway (Rath and Aggarwal 1999). In the case of the NFB pathway this 

complex recruits ubiquitin ligases cIAP1/cIAP2 and LUBAC (Bertrand et al. 2011), 

which leads to the ubiquitination of RIP1 and binding of TAK1-TAB1/2 complex and 

the NEMO subunit of IKK (Chen 2012). This results in the IκB phosphorylation, 

degradation and NFκB activation (Ea et al. 2006). The TNF signaling in beta-cells is 

shown in Fig. 4. 

The third best studied proinflammatory cytokine in context of beta-cell death in T1DM 

is interferon-γ (IFNγ), that is secreted as a dimer by activated T lymphocytes and NK 

cells and signals via the cell membrane IFNγ receptor 1 (IFNγR1) (Schroder et al. 

2004). The binding of IFNγ to IFNR1 leads to receptor dimerization and recruitment of 

two identical membrane-associated accessory factor proteins (IFN-γ receptor 2, 

IFNγR2). The association of IFNγR1 and IFNγR2 results in the activation of non-

receptor tyrosine kinases JAK1/2 (Janus-activated kinases 1/2) by autophosphorylation 

and transphosphorylation (Greenlund et al. 1994, Kaplan et al. 1996). Consequently, 

JAKs phosphorylate specific tyrosine residues in the IFN receptor subunits enabling 

docking of the transcription factor STAT1 (signal transducer and activator of 

transcription 1) to the complex. Next, STAT1 proteins are phosphorylated by JAKs 

what leads to the conformational change of STAT1 dimers and their translocation to the 

nucleus. The active STAT1 dimers can activate the expression of specific genes by 

binding to the gamma-activated sites in their regulatory regions (Greenlund et al. 1994, 

Tau and Rothman 1999). The IFN signaling pathway is depicted in Fig. 4. 
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Fig. 4. Main signaling pathways activated by proinflammatory cytokines in beta-cells.  

Aaccording to Eizirik D.L., Mandrup-Poulsen T., A choice of death - the signal-transduction of immune-
mediated beta-cell apoptosis, 2001, Diabetologia; and Owen J.D., Punt J., Stranford S.A., Kuby 
Immunology, 2009, W. H. Freeman and Company, New York, 105-127. 
 

1.3.3 The role of NFκB in cytokine-mediated beta-cell death  

 

The transcription factor NFB is considered to be a central regulator of the cell survival, 

proliferation, differentiation, immunity and inflammation (Oeckinghaus and Ghosh 

2009). It was first identified in mature B and plasma cells, but also in other cell types 

(Sen and Baltimore 1986). NFκB can be activated by Toll-like receptors after bacterial 

or viral infection, by proinflammatory cytokines and by antigen receptor binding 

(Kawasaki and Kawai 2014). In addition, genotoxic stressors, like UV radiation and 

reactive oxygen species can induce its activation (Campbell et al. 2001, Gloire et al. 

2006, Wang et al. 2017). The NFκB protein family consists of five proteins p65 (RelA), 

p50 (RelB), c-Rel, p105/p50 (NF-κB1) and p100/52 (NF-κB2) (Baldwin 1996). p50 and 

p52 are generated by the proteasomal processing of precursor proteins p105 and p100, 

respectively (Oeckinghaus and Ghosh 2009). All NFB family members share the 

300 aa conserved Rel-homology domain (RHD), required for dimerization, DNA 

binding, interactions with the inhibitory subunit IκB and for nuclear translocation 

(Oeckinghaus and Ghosh 2009). The dimerization of the p-50, and p-50/p-65 subunits is 

essential for their translocation into nucleus and binding to the regulatory elements of 
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genes. In unstimulated cells NFB dimers are retained in the cytoplasm in an inactive 

form by their interaction with the inhibitory IκB protein. This tight inhibitory interaction 

is released upon phosphorylation of IB by the action of IKK kinase, followed by 

the proteosomal degradation of IB. Active NFB dimers are then translocated to 

the nucleus where NFB can regulate expression of target genes (Pahl 1999). 

The transcriptomic analysis of human pancreatic islets and rat insulin-secreting INS1E 

cells exposed to proinflammatory cytokines revealed a number of candidate genes for 

T1DM (Kutlu et al. 2003, Eizirik et al. 2012).  Among them, a strong and rapid 

expression of mRNAs for inducible nitric oxide synthase (iNOS), manganese 

superoxide dismutase (MnSOD), the first apoptosis signal receptor (Fas) and CCAAT-

enhancer-binding protein homologous protein (CHOP) was identified (Darville and 

Eizirik 1998, Darville et al. 2000, Cardozo et al. 2001, Darville and Eizirik 2001). Most 

of these genes are activated by the action of NFB in rat beta-cells (Flodström et al. 

1996, Darville et al. 2000, Darville and Eizirik 2001, Pirot et al. 2007) and are 

responsible for cytokine-mediated induction of nitrooxidative stress (Gurgul-Convey et 

al. 2011, Kacheva et al. 2011) and ER stress (Eizirik et al. 2008) (see: chapter 1.3.4). 

The term nitrooxidative stress describes a parallel induction of oxidative and nitrosative 

stress response enabling interaction of reactive oxygen and nitrogen species (Lenzen 

2008, Gurgul-Convey et al. 2011). Pancreatic beta-cells are characterized by an 

imbalance in the antioxidative defence system, with a relatively well expressed 

cytosolic and mitochondrial superoxide dismutases (CuZnSOD, MnSOD, respectively)  

and  a very weak expression of hydrogen peroxide detoxifying enzymes, catalase and 

glutathione peroxidase (Tiedge et al. 1997, Gurgul et al. 2004, Gurgul-Convey et al. 

2016). Proinflammatory cytokines aggravate this imbalance by stimulation of MnSOD 

expression (Lortz et al. 2005). Moreover, in rat insulin-secreting cells proinflammatory 

cytokines induce also the expression of the inducible nitric oxide synthase (iNOS), 

which generates nitric oxide (NO•) by conversion of L-arginine to L-citruline (Welsh et 

al. 1994, Eizirik et al. 1996, Darville and Eizirik 1998, Souza et al. 2008, Gurgul-

Convey et al. 2011). In human beta-cells iNOS is not induced by proinflammatory 

cytokines (Brozzi et al. 2015, Gurgul-Convey et al. 2016), though these cells are 

exposed to NO• generated by activated immune cells (Jörns et al. 2014). It has been 

shown in rat insulin-secreting cells and primary islets that an interaction of NO• with 

hydrogen peroxide within beta-cell mitochondria leads to formation of highly toxic 

hydroxyl radicals and beta-cell death (Gurgul et al. 2004, Gurgul-Convey et al. 2011). 
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NO• can also harm beta-cells, through DNA damage, disruption of ER Ca2+ 

homeostasis, upregulation of stress-related genes and induction of apoptosis.  Inhibition 

of NFκB prevents cytokine-induced beta-cell death in purified primary rat beta-cells 

(Heimberg et al. 2001) as well as mouse MIN6 and rat INS1E insulin-secreting cell 

lines (Baker et al. 2001, Gurgul-Convey et al. 2011). The effects of NFB inhibition in 

vivo in the animal models of T1DM are contradictory (Lamhamedi-Cherradi et al. 2003, 

Eldor et al. 2006, Kim et al. 2007, Ramakrishnan et al. 2016) and the role of NFB in 

cytokine-mediated beta-cell destruction and death in human islets is unclear (Brozzi et 

al. 2015, Gurgul-Convey et al. 2016).   

 

1.3.4 The role of ER stress in cytokine-mediated beta-cell death  

 

Endoplasmic reticulum (ER) is a highly dynamic and complex organelle that consists of 

an irregular network of cisterns, tubules and follicles in the cytoplasm. The main 

function of ER is the biosynthesis of proteins and lipids for cellular organelles and 

production of secretory proteins (Berridge 2002). Insulin is synthesized in ER of 

beta-cells constitutively and in response to glucose stimulation. Upon the glucose 

stimulus insulin biosynthesis can be increased up to 10-fold as compared to 

the unstimulated, basal conditions within a very short period of time (Schuit et al. 1988, 

Brozzi and Eizirik 2016). This creates a great challenge for the beta-cell ER. The high 

demand for protein synthesis and folding can overwhelm ER capacity leading to 

accumulation of unfolded proteins in the ER lumen and ER stress (Eizirik and Cnop 

2010, Hetz 2012). ER stress triggers the unfolded protein response (UPR), a defense 

mechanism that allows restoring of homeostasis and can resolve the stress in cells by 

decreasing translation, increasing chaperone biosynthesis and induction of misfolded 

protein degradation  (Schroder and Kaufman 2005, Schroder and Kaufman 2005). 

The control of protein folding is secured by the proper function of chaperones from 

the Hsp70 and Hsp40 families (Brodsky et al. 1999, Meunier et al. 2002). The BiP 

chaperone (immunoglobulin heavy chain binding protein, also called GRP78) belongs 

to the Hsp70 protein family and plays the key role in the regulation of protein folding 

also in beta-cells (Plemper et al. 1997, Bertolotti et al. 2000, Eizirik et al. 2008). UPR is 

mediated via three transmembrane UPR sensors: endoribonuclease inositol-requiring 

protein 1a (IRE1a), protein kinase RNA-like endoplasmic reticulum kinase (PERK), 

and activating transcription factor 6 (ATF6) (Eizirik and Cnop 2010). When the 
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accumulation of unfolded proteins in the ER lumen reaches a certain threshold, BiP 

dissociates from the UPR sensors and binds to the hydrophobic domains of unfolded 

proteins (Bertolotti et al. 2000). IRE1 and PERK undergo oligomerization and 

transphosphorylation within the cytosolic effector regions which consequently leads to 

their activation (Shamu and Walter 1996, Bertolotti et al. 2000, Liu et al. 2000). After 

conformational changes ATF6 is translocated to the Golgi apparatus, where it is cleaved 

by the Site-1 and then Site-2 proteases (Shen and Prywes 2004).  Once activated 

IRE1 mediates the splicing of the XBP1 protein (X-box binding protein 1), generating 

the splice variant XBP1s. Activation of PERK leads to phosphorylation of eIF2α, 

disruption of the 43S translation-initiation complex and attenuation of the global protein 

translation, thereby reducing the total unfolded protein accumulation in ER (Harding et 

al. 2000, Dever 2002), however some proteins like the transcription factor ATF4 may 

be upregulated (Vattem and Wek 2004). ATF4 induces the expression of CHOP (also 

known as GADD153), an ER-stress-induced transcription factor, responsible for 

induction of proapoptotic gene expression and apoptosis (Fawcett et al. 1999, Pirot et al. 

2007). Recent studies confirm a significant role of UPR activation in autoimmune and 

inflammatory disorders like rheumatoid arthritis, neurodegenerative, neuromuscular 

diseases and diabetes (Koo et al. 1999, Petkova et al. 2002, Marciniak and Ron 2006, 

Eizirik et al. 2008). In T1DM patients the expression of CHOP in infiltrated islets was 

significantly increased, other ER stress markers were however unaffected (Hotamisligil 

2010, Hasnain et al. 2012, Marhfour et al. 2012). In the pre-diabetic NOD mice the 

expression of Chop, but also Bip and Xbp1 was upregulated as compared to control 

animals (Tersey et al. 2012). The analysis of molecular mechanisms of UPR activation 

in clonal beta-cell lines (MIN6, INS1E) revealed that proinflammatory cytokines 

mediate ER Ca2+ depletion, increase Chop expression and induce apoptosis (Oyadomari 

et al. 2001, Cardozo et al. 2005, Pirot et al. 2007, Chan et al. 2011, Kacheva et al. 

2011). Additionally Chop knockdown in INS1E cells, was shown to decrease NFB 

activation and expression of iNOS and Fas (Allagnat et al. 2012). The impact of ER 

stress on cytokine-mediated beta-cell death depends on the cytokine type and the origin 

of cells used in the experimental work, with significant differences between rat and 

human beta-cells (Brozzi et al. 2015, Brozzi and Eizirik 2016, Gurgul-Convey et al. 

2016).  
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1.4 The MCPIP1 protein  

 

The MCPIP1 protein (monocyte chemotactic protein–induced protein 1, also called 

regnase-1) is a potent anti-inflammatory protein, that was discovered by two 

independent groups in human peripheral blood monocytes stimulated with monocyte 

chemotactic protein-1 (MCP-1) (Zhou L 2006) and in human monocyte-derived 

macrophages stimulated in vivo with IL-1β (Jura et al. 2008). The protein is encoded 

by the ZC3H12A gene and belongs to the highly conserved zinc-finger protein family 

(CCCH) with four members: MCPIP1, MCPIP2, MCPIP3 and MCPIP4. Due to 

the presence of structural motifs that are characteristic for the transcription factors and 

the nuclear localization signal, MCPIP1 was initially described as a novel transcription 

factor, responsible for cardiac myocyte apoptosis and development of ischemic heart 

disease (Zhou L 2006, Niu et al. 2008). Further bioinformatics analysis of the MCPIP1 

protein demonstrated the presence of a PilT-N-terminal domain (PIN)-like RNase 

domain (also called NYN domain) and a CCCH zinc-finger domain (Xu et al. 2012) 

(Fig. 5). Proteins with CCCH zinc-finger motifs are usually engaged in RNA binding 

and post-transcriptional regulation of gene expression (Fu and Blackshear 2017). It has 

been shown that the activity of the PIN domain in MCPIP1 is responsible for the direct 

degradation of mRNAs for proinflammatory cytokines IL-1β, IL-2, IL-6 and IL-12p40 

(Matsushita K 2009, Mizgalska et al. 2009, Li M 2012). MCPIP1 can also control the 

expression of its own transcript, forming the negative regulatory feedback loop 

(Mizgalska et al. 2009, Skalniak et al. 2009). The 3D structure analysis revealed the 

presence of a conserved RNase catalytic center with four acidic residues (Asp141, Asp 

225, Asp 226 and Asp 244) important for ribonuclease activity of MCPIP1 (Xu et al. 

2012). The positively charged arm, that is located close to the catalytic center, is 

probably required for the binding of the substrate protein (Xu et al. 2012). A controlled 

and fast regulation of mRNA expression plays a crucial role in the initiation and 

termination of immune response. Until now the best characterized mechanism 

regulating mRNA decay is based on the ARE (AU-rich element)-dependent decay 

(Beisang and Bohjanen 2012). ARE sequences (cis-elements) are usually localized in 

the 3’-untranslated regions (UTRs) of genes and are recognized by specific binding 

proteins (trans-elements) (Chen and Shyu 1995).  In 2012 Li et al. proposed a novel 

mechanism of MCPIP1-mediated regulation of IL-2 mRNA degradation by the ARE-

independent mechanism based on the binding to the 3’-UTR region (Li M 2012). In 
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2015 another group confirmed this 3’-UTR-binding degradation mechanism of MCPIP1 

(Mino et al. 2015) by showing that MCPIP1 can associate with ribosomes and degrade 

sets of mRNAs in a translation-dependent manner, via the stem loop sequence (SL) 

localized in the 3’-UTR region. By the set of experiments with point-directed 

mutagenesis Mino et al demonstrated that the pyrimidine-purine-pyrimidine (Py-Pu-Py) 

sequence is necessary for the specific recognition of the targets by MCPIP1 (Mino et al. 

2015). Interestingly the data suggested that MCPIP1 is able to regulate only 

translationally active mRNAs, and requires the presence of the UPF-1 helicase, 

involved in the regulation of nonsense-mediated mRNA decay (NMD) of mRNAs 

containing premature stop codons (Lykke-Andersen et al. 2000, Mino et al. 2015). New 

evidence confirmed translation-dependent silencing function of MCPIP1 (Mino et al. 

2015, Behrens et al. 2018). In HeLa cells MCPIP1 was shown to significantly down-

regulate translation of the NFKBIZ mRNA, through binding to the specific stem-loops 

formed in the conserved translational silencing element (TSE) identified in the 3′-UTR 

of the transcript (Behrens et al. 2018).  

 

Fig. 5. MCPIP1 domain organization.  

According to Liu S. et al, MCPIP1 restricts HIV infection and is rapidly degraded in activated CD4+ T 
cells, 2013, PNAS; Fu M., Blackshear P.J., RNA-binding proteins in immune regulation: a focus on 
CCCH zinc finger proteins, 2017, Nat Rev Immunol. 

 

Moreover, further studies indicated that MCPIP1 alters the IL-β-mediated NFκB 

activation in HepG2 cells (Skalniak et al. 2009) and the TNFα-induced NFκB activation 

in human embryonic kidney HEK293T cells and mouse macrophage cell line 

RAW264.7 (Liang et al. 2010), but the mechanism of this action was not fully 

understood. The targeted myocardial overexpression of MCPIP1 also resulted in a 

reduced NFκB activity and a decrease of LPS-induced proinflammatory cytokine 

production, iNOS expression and caspase-3 activation (Niu J 2011). It has been also 

shown that the MCPIP1-related negative regulation of cellular inflammation is mediated 



Introduction                  

17 

   

by the  deubiquitination of TRAF proteins (TRAF2, TRAF3, TRAF6) and interference 

in the NFκB and JNK signaling pathways (Liang et al. 2010, Niu et al. 2013). The 

analysis of protein sequences together with a serial site-directed mutagenesis revealed 

the presence of an additional deubiquitinating enzyme activity domain (DUB) and an 

ubiquitin-associated domain (UBA) in MCPIP1 (Liang et al. 2010) (Fig. 5). In 

HEK293T cells the MCPIP1-mediated inhibition of NFκB was dependent on USP10 

(ubiquitin specific peptidase 10) protein action (Niu et al. 2013). USP10 belongs to the 

ubiquitin-specific protease family of cysteine proteases and cleaves specifically 

ubiquitin from ubiquitin-conjugated substrates (Soncini et al. 2001). MCPIP1 in 

association with USP10 is able to remove the polyubiquitin chain from the NEMO 

protein (IKK subunit of IKK complex), which is required for the activation of IKK 

followed by NFκB stimulation (Niu et al. 2013). Further studies indicate that for the 

USP10-dependent deubiquitination of NEMO and TRAF6 not only the MCPIP1-USP10 

complex is required but also the TANK protein (TRAF family member associated 

NFB activator), which serves as a bridge between TRAF6 and MCPIP1-USP10 

complex (Wang et al. 2015). MCPIP1 plays an important role not only in the regulation 

of inflammatory processes, but also in the regulation of cell differentiation (Roy et al. 

2013, Yang et al. 2013, Labedz-Maslowska et al. 2015). The studies on the involvement 

of MCPIP1 in adipogenesis ended in contradictory findings (Younce C 2012, Lipert et 

al. 2014) and need further research. On the one hand, it has been shown that MCPIP1 

can stimulate adipogenesis in 3T3-L1 cells via induction of ROS/RNS, ER stress and 

expression of adipogenic factors C/EBP, C/EBP, C/EBP and PPAR (Younce C 

2012). On the other hand, MCPIP1 can disrupt adipogenesis by a direct, PIN-dependent 

down-regulation of expression of the two major transcription factors involved in this 

process, namely C/EBP and PPAR (Lipert et al. 2014, Lipert et al. 2017). 

Additionally, effects of MCPIP1 on angiogenesis were reported (Roy et al. 2013). 

MCPIP1 has been shown to enhance the expression of cdh12 and cdh19 (cadherins) and 

to induce oxidative stress and ER stress leading to autophagy-mediated regulation of 

angiogenesis (Niu et al. 2008, Roy et al. 2013). Overexpression of MCPIP1 in murine 

bone marrow-derived mesenchymal stem cells (MSCs) reduces the expression of 

pluripotency associated markers, and increases its angiogenic and cardiomyogenic 

potential (Labedz-Maslowska et al. 2015). As a powerful RNase MCPIP1 is also 

involved in the regulation of miRNA activity and biogenesis by cleavage of the terminal 

loops of pre-miRNAs and blocking processing of dicer (Suzuki HI 2011). Moreover, 
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Lin et al showed that MCPIP1 can act as a host innate defense by recognition and 

degradation of viral RNA and is able to disrupt the replication of Japanese encephalitis 

virus (JEV) and degue virus (DEN) (Lin RJ 2013). These effects were mediated through 

RNAse activity and RNA binding and oligomerization (via the proline-rich domain), 

but not by the deubiquitinase activity (Lin RJ 2013). In the patient with Hepatitis C 

virus (HCV) a significantly higher expression of MCPIP1 in the liver tissue was 

detected (Lin et al. 2014). Suppression of MCPIP1 increased the replication of HCV 

and the expression of proinflammatory cytokines TNFα, IL-6 and MCP-1. 

Overexpression of MCPIP1 resulted in the opposite effects (Lin et al. 2014).  

 

Fig. 6. Mechanisms of the anti-inflammatory action of MCPIP1.  

According to Fu M., Blackshear P.J., RNA-binding proteins in immune regulation: a focus on CCCH zinc 
finger proteins, 2017, Nat Rev Immunol; Jura J., Skalniak L., Koj A., Monocyte chemotactic protein-1-
induced protein-1 (MCPIP1) is a novel multifunctional modulator of inflammatory reactions, 2012, 
Biochim Biophys Acta. 

 

The importance of MCPIP1 has been strikingly shown in the studies of a MCPIP1 

knockdown mouse model (Huang et al. 2013, Miao et al. 2013, Yu et al. 2013). 

The global MCPIP1 knockdown in this mouse model resulted in severe inflammation 

characterized by a dramatically increased production of IL-6 and IL-12p40, 

disorganization of lymphoid organs and massive infiltration of lymphocytes, 

macrophages and neutrophils into many other non-lymphoid organs, primarily into 
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lungs and liver (Matsushita K 2009, Miao et al. 2013). A summary of MCPIP1-related 

antiinflamamtory mechanisms of action is presented in Fig. 6. 

 

1.5 Sphingolipid metabolism and sphingosine-1 phosphate lyase  

 

Sphingosine-1-phosphate (S1P) is a bioactive sphingolipid signaling molecule that 

regulates important biological functions like cell migration, differentiation, 

development, survival and inflammatory response  (Sanchez and Hla 2004, Chalfant 

and Spiegel 2005, Alvarez et al. 2007, Degagne and Saba 2014). It can act as an 

intracellular second messenger or activate G-protein coupled cell surface receptors 

(Spiegel and Milstien 2003, Goetzl et al. 2007). S1P has been also shown to be 

implicated in a number of inflammatory disorders, like pathological angiogenesis, 

cancer and diabetes (Degagne and Saba 2014).  

The cellular concentration of S1P is regulated through the action of three enzymes:  

- sphingosine kinases (SK), which synthesize S1P by phosphorylation of 

sphingosine  

- S1P phosphatases, which diminish S1P pools by its dephosphorylation to 

sphingosine 

- S1P lyase (SPL), an ER enzyme that catalyzes an irreversible degradation of 

S1P 

The dephosphorylation step is reversible and S1P level can be rapidly restored 

by rephosphorylation of sphingosine (Serra and Saba 2010). In contrast, the 

SPL-mediated degradation of S1P to hexadecenal and ethanolamine phosphate is an 

irreversible reaction (Spiegel and Milstien 2003). It has been shown that the plasma 

level of S1P in patients with metabolic syndrome is elevated (Kowalski et al. 2013). 

The blood concentration of S1P strongly correlates with metabolic abnormalities such 

as adipositas and insulin resistance in animal models (Fox et al. 2011). The role of S1P 

in T2DM is relatively well established (Mastrandrea et al. 2010, Qi et al. 2013).  

Elevation of S1P is mostly discussed as a protective mechanism in beta-cells that 

potentiates glucose-induced insulin secretion (Shimizu et al. 2000, Cantrell Stanford et 

al. 2012).  The role of S1P in T1DM is still not fully understood. Some findings indicate 

protective effects of S1P on cytokine-mediated beta-cell death (Laychock et al. 2006), 

while others demonstrated that fingolimod, an S1P-receptor antagonist, prevents 

manifestation of diabetes in the LEW.1.AR1-iddm rat, a rat model of human diabetes, 
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and also protects other animal models of T1DM (Maki et al. 2005, Srinivasan et al. 

2008, Jörns et al. 2010, Jörns et al. 2014). 

 

1.6  The role of homocysteine in metabolic syndrome development 

 

Metabolic syndrome (MS) is a condition characterized by the combination of metabolic 

disorders, including obesity, high blood pressure, dyslipidemia, and hyperglycemia 

(Lorenzo et al. 2003). Lack of physical activity and unhealthy diet rich in free fatty 

acids (FFAs) and carbohydrates are the main factors leading to MS, which often 

progress to the development of T2DM (Hamilton et al. 2007, Vinciguerra et al. 2013). 

It is believed that elevated FFAs and glucose concentrations are responsible for 

the glucolipotoxicity-mediated beta-cell dysfunction and death in T2DM (Cnop et al. 

2005). Oxidative stress is considered to underlie beta-cell dysfunction and death in 

T2DM, as it is also in the case of T1DM (Lenzen 2008, Elsner et al. 2011, Gehrmann et 

al. 2015, Lenzen 2017) 

Homocysteine (HC) is a sulfur-containing amino acid formed in the metabolism of 

methionine (Wierzbicki 2007). An elevated level of HC in the plasma is a 

well-established risk factor for cardiovascular disease (Wald et al. 2002, Dayal et al. 

2005, Lentz 2005, Wang et al. 2014). The role of homocysteine in diabetes is not clear, 

but chronically elevated HC levels in obese T2DM patients (Al-Maskari et al. 2012) and 

T1DM patients (Abdel Aziz et al. 2001) have been reported. In vitro prolonged 

exposure of insulin-secreting clonal cells to high HC concentrations results in 

impairment of insulin secretion and beta-cell death (Patterson et al. 2007). Thus 

hyperhomocysteinemia may be an additive beta-cell toxic factor in diabetic patients. 

The mechanism of beta-cell HC toxicity is not fully understood, but it seems that, 

similarly to cytokine toxicity and glucolipotoxicity, oxidative stress may play an 

important role in this process (Faraci and Lentz 2004, Scullion et al. 2012). Since 

beta-cells are characterized by a weak antioxidative defense system (see: chapter 1.3.3), 

they are much more sensitive to oxidative stress-induced damage than other cell types 

(Tiedge et al. 1997, Lenzen 2008, Lenzen 2017).  
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1.7 The aims of the study 

 

Regulation of the inflammatory and immune response plays a crucial role in prevention 

of autoimmune and inflammatory disease development. Chronic inflammation is 

essential for pathogenesis of T1DM. Beta-cells are more sensitive to proinflammatory 

mediators than other islet cell types and they are the main target of cytokine toxicity in 

T1DM. MCPIP1 is a novel powerful negative regulator of inflammation. The role of 

MCPIP1 in cytokine-mediated toxicity in insulin-secreting cells in T1DM is still 

unknown. Therefore, the aims of this study were: 

1. to analyze the expression of MCPIP1 in various rat tissues and insulin-secreting 

cell lines of different origin (rat and human), 

2. to study the effects of proinflammatory cytokines on MCPIP1 expression in 

primary islets and insulin-secreting cell lines, 

3. to investigate MCPIP1 expression in the LEW.1AR1-iddm rat, an animal model 

of human T1DM, during diabetes development, 

4. to uncover the role of MCPIP1 in cytokine-mediated beta-cell death, 

5. to analyze the function of the PIN/DUB domain of MCPIP1 in beta-cells, 

6. to estimate the role of MCPIP1 on beta-cell function, 

Additionally, this study attempted to compare the protective effects of MCPIP1 with 

another anti-inflammatory protein, namely sphingosine-1-phosphate lyase (SPL), in 

context of cytokine-mediated beta-cell death. 

In the last part of this dissertation, the role of the weak antioxidative defense status in 

beta-cell dysfunction and death mediated by HC was determined. The type and cellular 

localization of reactive oxygen species generated by HC and responsible for its toxicity 

in beta-cells were analyzed.  
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2 PUBLICATIONS 
 

This dissertation resulted in following publications: 

 

1. Title:  MCPIP1 regulates the sensitivity of pancreatic beta-cells to cytokine 
toxicity, Journal: Cell Death & Disease 2019 

Publication date: 10 January 2019 

2. Title: Overexpression of sphingosine-1-phosphate lyase protects insulin-
secreting cells against cytokine toxicity, Journal: Journal of Biological 
Chemistry 2017 

Publication date: 25 October 2017 

3. Title: Improved antioxidative defence protects insulin-producing cells against 
homocysteine toxicity; Journal: Chemico-Biological Interactions 2016 

Publication date: 16 June 2016 
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2.1 MCPIP1 regulates the sensitivity of pancreatic beta-cells to cytokine toxicity 
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and Ewa Gurgul-Convey 

Journal 

Cell Death & Disease 

Publication date: 10 January 2019 
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Convey. MCPIP1 regulates the sensitivity of pancreatic beta-cells to cytokine toxicity. Cell Death Diss. 

2019; 10:29. © The Authors.  
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2.2 Overexpression of sphingosine-1-phosphate lyase protects insulin-secreting 

cells against cytokine toxicity 
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Overexpression of sphingosine-1-phosphate lyase protects 

insulin-secreting cells against cytokine toxicity  

Authors 

Claudine Hahn*, Karolina Tyka*, Julie D. Saba, Sigurd Lenzen and Ewa Gurgul-

Convey 

Journal 

Journal of Biological Chemistry 

Publication date: 25 October 2017 
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Overexpression of sphingosine-1-phosphate lyase protects insulin secreting cells against cytokine 

toxicity. J. Biol. Chem. 2017; 292(49):20292-20304. © the American Society for Biochemistry and 

Molecular Biology © The authors retain the right to include it in a thesis or dissertation. 
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2.3 Improved antioxidative defence protects insulin-producing cells against 

homocysteine toxicity 
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3 RESULTS AND DISCUSSION 
 

In this dissertation novel aspects of beta-cell dysfunction and death mechanisms in 

diabetes were analyzed by three various approaches. The role of two anti-inflammatory 

proteins MCPIP1 and SPL and the mechanism of action of beta-cell toxic amino acid 

homocysteine (HC) were studied. 

 

3.1 The role of MCPIP1 in cytokine-mediated beta-cell death 

 

The main part of this dissertation was focused on studying the role of the novel 

anti-inflammatory protein MCPIP1 in insulin-secreting cells exposed to T1DM-

simulating conditions and in the IDDM rat, an animal model of human T1DM. 

 

3.1.1 Generation of cell clones overexpressing or suppressing MCPIP1 

 

The expression level of specific proteins varies significantly between different cell types 

and is strictly regulated and depends on tissue function. Since there was no 

comprehensive report so far on the expression pattern of MCPIP1 in various tissues 

including pancreatic beta-cells in the rat, I began my work on the dissertation with 

the measurements of endogenous expression of Mcpip1 in tissues of healthy, 

nondiabetic, male Lewis rats. The relative gene expression of Mcpip1 was analyzed by 

real-time RT-PCR technology (Tyka et al. 2019). The highest expression of Mcpip1 was 

observed in intestine, spleen and kidney and the lowest in brain and skeletal muscle as 

compared to liver set as a control. The results from rat tissues were in line with the data 

presented by other authors from the mouse studies (Liang et al. 2010). The expression 

of Mcpip1 in rat pancreatic islets and rat insulin-secreting INS1E cells was 55% and 

63% lower as compared to liver, respectively. A slightly higher expression of Mcpip1 in 

pancreatic islets than in INS1E cells may indicate contribution of other endocrine cell 

types residing in pancreatic islets (-, , PP-cells) to the detected Mcpip1 expression 

level. These results show that rat insulin-secreting cells and pancreatic islets have a 

significantly lower expression of Mcpip1 as compared to other rat tissues.  

Because the observed endogenous expression of Mcpip1 in unstimulated rat 

insulin-secreting INS1E cells was relatively low and taking into account that MCPIP1 is 

a powerful negative regulator of the inflammatory response, a system for genetic 

modification of insulin-secreting cells of human and rat origin to overexpress or 

suppress MCPIP1 was designed in the next step of this dissertation. 
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Three different methods were used to establish the best stable cell lines overexpressing 

MCPIP1. The first one was based on the generation of lentiviral particles using vectors 

containing the coding sequence for human MCPIP1 protein. Lentiviral vectors with 

various promotors and antibiotic resistance were used, as listed below: 

- pCLV-UBC-IRES-Puro (with ubiquitin C-promotor) 

- pLVX-EF1a-IRES-Puro (with EF1 promotor) 

- pLVX-IRES-Neo (CMV promotor) 

The phosphate-calcium method was employed to produce lentiviral particles and cells 

were transduced in the presence of polybrene (6 µg/ml). Surprisingly all transduced 

cells died upon antibiotic selection, which could be due to the very low transduction 

efficiency or indicate a detrimental effect of a very high MCPIP1 expression on 

beta-cell viability. The cells transduced with lentivirus without MCPIP1, but containing 

the selecting antibiotic resistance did not die upon antibiotic selection. Therefore, it was 

assumed that the lentiviral approach resulted in a very high overexpression of MCPIP1, 

which led to the cell death. 

Therefore, in the second approach, cells were transduced with the Lenti-XTM Tet-On® 

3G system enabling a doxycycline-regulated expression of MCPIP1 (Clontech, Saint-

Germain-en-Laye, France). After addition of doxycycline, INS1E cells expressed 

MCPIP1 at a very low level and no effect on cell viability was observed even with a 

different concentration of lentivirus and/or doxycycline that were tested (Fig. 7A). Cells 

without addition of doxycycline (without MCPIP1 expression) were growing normally 

as compared to control cells and no changes in proliferation and cell viability were 

observed (Fig. 7B) 
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Fig. 7. Effects of MCPIP1 overexpression (TetOn-system) in rat insulin-secreting 
INS1E cells. 

A. MCPIP1 expression in INS1E-MCPIP1-TetOn cells. B. Cell viability in INS1E-MCPIP1-TetOn cells 
after addition of doxycycline and a 24-h incubation with IL-1 (600U/ml) or proinflammatory cytokine 
mixture (IL-1 60U/ml, TNF 185U/ml, IFN 14U/ml). Data are mean values of 4-6 independent 
experiments ± SEM. ***p<0.001 vs. untreated; ANOVA followed by Bonferroni. 
 

In the third approach INS1E cells were transfected with the pcDNA3 vector containing 

a coding sequence of human MCPIP1 (kindly obtained from prof. J. Jura, Jagiellonian 

Univeristy, Cracow, Poland) by lipofectamine (cationic liposome reagent). Using this 

method several positive clones with various expression level of MCPIP1 were selected 

(Tyka et al. 2019). In total 55 clones were analyzed by real-time RT-PCR and western 

blotting to confirm the gene and protein expression of MCPIP1, respectively. In clones 

with a very high gene expression of MCPIP1 (>0.4) the protein band size was however 

incorrect and instead of one single band few smaller bands were detected (Tyka et al. 

2019). This observation was made also in other cell types, CD4(+) helper T cells and 

human keratinocytes (Uehata et al. 2013, Bugara et al. 2017) and strongly suggests 

degradation of MCPIP1 protein or its misfolding. Since one of the proposed 

mechanisms of MCPIP1 degradation is a specific cleavage by paracaspase MALT-1 

(Uehata et al. 2013, Li et al. 2018), its expression was analyzed in control and MCPIP1 

overexpressing clones (Fig. 8). Our results did not however indicate a higher protein 

expression of MALT-1 in INS1E cells with the MCPIP1 expression at the highest level 

(Fig. 8). In contrary, the expression of MALT-1 was slightly decreased in clones with a 

moderate MCPIP1 overexpression as compared to control cells (Fig. 8).  

0.00

0.05

0.10

0.15

0.20

0.25

***

mock      K1          0            50        100        250        500

doxy (ng/µl)

MCPIP1

M
C

P
IP

1

(r
e
la

ti
v
e
 g

e
n

e
 e

x
p

re
s
s
io

n
)

0

25

50

75

100

125 untreated
IL-1
Cytokine mixture

***
***

***
*** *** *** ***

doxy (ng/µl) doxy (ng/µl)

mock MCPIP1

0          500          0           50        100        250        500

V
ia

b
ili

ty

 (
%

 o
f 

u
n

tr
e
a
te

d
 m

o
c
k
 c

e
lls

)

A B



Results and discussion 
 

86 

   

 

Fig. 8. MALT-1 protein expression.  

MALT-1 expression was analyzed by Western blotting in control and MCPIP1 overexpressing insulin- 
secreting INS1E cells after a 24-h incubation with IL-1 (600U/ml) or a proinflammatory cytokine 
mixture (IL-1 60U/ml, TNF 185U/ml, IFN 14U/ml).  

 

Many studies have shown that MCPIP1 is a negative regulator of NFB activation and 

that it can also regulate its own expression through a feedback-loop mechanism 

(Mizgalska et al. 2009, Skalniak et al. 2009, Liang et al. 2010). The measurements of 

these two parameters were used in this study as an indicator of the presence of a fully 

functional MCPIP1 protein in overexpressing INS1E cell clones. In INS1E cells with a 

moderate MCPIP1 overexpression and the protein band of the proper size, MCPIP1 was 

able to significantly reduce the cytokine-mediated NFB activation and rat Mcpip1 gene 

expression (Tyka et al. 2019). In contrast, in INS1E cell clones with ultrahigh 

overexpression of MCPIP1, the cytokine-stimulated NFB activation and rat Mcpip1 

expression were not diminished as compared to control cells (Tyka et al. 2019). 

Moreover, we observed that effects of MCPIP1 on the cytokine-mediated cell viability 

loss strongly depended on the expression level of MCPIP1 (Tyka et al. 2019). A 

moderate expression of MCPIP1 had a protective effect on INS1E cell viability as 

compared to control cells (Tyka et al. 2019). However, a higher MCPIP1 expression 

correlated significantly with a potentiation of the cytokine-mediated cell viability loss 

(Tyka et al. 2019). The calculations of the EC50 value of MCPIP1 expression and the 

analysis of the parallel cytokine-mediated toxicity revealed the cut-off expression level 

under which the protective effects of MCPIP1 overexpression were reversed (0.2) (Tyka 

et al. 2019). Because of the observed negative effects of a very high MCPIP1 

expression (>0.4) on INS1E cells together with a lack of the inhibition of cytokine-

induced NFB activation and an improper size of protein bands in WB, we decided to 

analyze ER stress in these clones. The very high expression of MCPIP1 (>0.4) 

correlated with an increased expression of CHOP in untreated and cytokine-stimulated 

cells, both on the gene and protein level (Tyka et al. 2019). Additionally, in the clones 

with very high MCPIP1 expression (>0.4) a significant potentiation of cytokine-
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mediated caspase-12 activation, a ER-stress-related caspase, that is strongly activated 

through accumulation of misfolded proteins in ER, was observed (Fawcett et al. 1999, 

Yoneda et al. 2001, Tyka et al. 2019). In conclusion, the effects of MCPIP1 on beta-cell 

viability are strongly dependent on the expression level, and during generation of 

overexpressing cells it is advised to analyze the effects on cell stress and viability in 

numerous cell clones and with precautions. 

Suppression of MCPIP1 in rat insulin-secreting INS1E cells was performed by 

shRNA-MCPIP1 delivered in the lentiviral system. Since the endogenous expression 

level of MCPIP1 in unstimulated INS1E cells was low, suppression of MCPIP1 did not 

affect viability of INS1E cells. MCPIP1 suppression did not influence the cytokine-

mediated toxicity too (Tyka et al. 2019). 

In human EndoC-H1 beta-cells, gene expression of MCPIP1 in untreated cells was 

significantly higher than in rat INS1E cells and very well detectable using real-time RT-

PCR (Ct values around 26-28). In contrast to rat insulin-secreting INS1E cells, the total 

MCPIP1 copy number in human EndoC-H1 beta-cells was around 2.3-times higher 

(Tyka et al. 2019). Expression of MCPIP1 was suppressed by transduction of cells with 

lentiviral particles containing shRNA specific for human MCPIP1 sequence and 

resulted in 10-fold lower expression as compared to control cells. Overexpression of 

MCPIP1 was obtained using the Lenti-XTM Tet-On® 3G system as described before 

for INS1E cells. After induction of MCPIP1 expression by doxycycline human EndoC-

H1 beta-cells strongly expressed MCPIP1, and the linear correlation between 

doxycycline concentration and MCPIP1 expression was observed (Fig. 9).  

 

Fig. 9. MCPIP1 overexpression (TetOn-system) in human EndoC-H1 beta-cells. 

Data are mean values of 4 independent experiments ± SEM. *p<0.05, ***p<0.001 vs. untreated; ANOVA 
followed by Bonferroni. 
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It took approximately the double-time to obtain positive clones of human EndoC-H1 

beta-cells as compared to rat INS1E cell line, since human EndoC-H1 beta-cells 

proliferation rate is very low (Ravassard et al. 2011). 

Thus, as discussed above, the main challenge of this project was that the rat INS1E 

insulin-secreting cell line as well as human EndoC-H1 beta-cells were more difficult to 

transfect or transduce than other cell lines like insulin-secreting RINm5F cell line (data 

not shown). These two cell lines were used in this study because of their excellent 

glucose responsiveness, enabling observations in a model cell line close to primary 

beta-cells. However, one of the most commonly difficulties in working with these 

genetically modified cell clones was the tendency of lowering the expression of the 

targeted protein after few weeks in cell culture, even in the case of stable clones, 

generated by means of the lentiviral system (K.T unpublished observations). Therefore 

the overexpression magnitude in clones was regularly checked on the gene and protein 

level to ensure the highest quality and reproducibility of results. In this dissertation 

MCPIP1-overexpressing cell clones that were characterized by a proper protein band 

size and by the ability of the cytokine-mediated NFB activation inhibition were used in 

all experiments. The appearance of the degraded and/or misfolded protein bands in the 

WB analysis of INS1E cells with very high MCPIP1 overexpression and the lack of 

MCPIP1 activity in these cells requires further studies. Such studies may lead to 

discovery of novel mechanisms that control biological activity of MCPIP1.  

 

3.1.2 MCPIP1 and cytokine toxicity in T1DM 

 

The LEW.1AR1-iddm rat (shortly IDDM rat) is the first T1DM animal model that 

resembles all aspects of the human disease (Lenzen et al. 2001). In this model 

insulin-dependent autoimmune diabetes develops spontaneously as a result of apoptotic 

beta-cell death (Lenzen et al. 2001, Jörns et al. 2010, Jörns et al. 2014, Jörns et al. 

2014). The number of MCPIP1 positive beta-cells in normoglycemic IDDM rats 

without signs of islet infiltration was significantly lower as compared to rats in the 

prediabetes stage (normoglycemic with infiltration) or rats with fully manifested 

diabetes (hyperglycemic with infiltration) (Tyka et al. 2019). This observation suggests 

that MCPIP1 expression is driven by the action of proinflammatory cytokines secreted 

by activated immune cells infiltrating pancreatic islets. Indeed, the expression of 

MCPIP1 increased proportionally to the grade of insulitis (Tyka et al. 2019). Moreover, 
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the global islet architecture was disrupted upon infiltration and connections between 

cells were lost. MCPIP1 expression in cells is usually triggered in response to IL-1, 

LPS and other proinflammatory mediators and after short-time decreases back to the 

basal level due to a feedback-loop mechanism (Liang et al. 2008, Mizgalska et al. 2009, 

Skalniak et al. 2009). It seems that in the case of the diabetic IDDM rat this regulatory 

mechanism is either defective or insufficient to counteract a prolonged exposure to 

proinflammatory cytokines. Since it has been shown that the feedback-loop mechanism 

may affect activation of other proteins engaged in the regulation of mRNA stability 

(Brooks et al. 2004), the lack of down-regulation of MCPIP1 expression may partially 

result from such effect. 

As a powerful RNase, MCPIP1 is responsible for the maintenance of the immune 

homeostasis (Uehata and Takeuchi 2017). A rapid and specific control of its own 

expression level by MCPIP1, suggests an important function of the MCPIP1 protein in 

the response to inflammatory mediators in cells. Thus it is possible that a prolonged 

activation of proinflammatory processes may lead to disruption of MCPIP1 expression 

regulation with far-reached consequences for the cellular senescence. Since 

ubiquitination plays a crucial role in the regulation of protein destination and activity, 

MCPIP1, using its deubiquitinating properties, could influence expression and 

degradation of proteins involved in essential processes for cellular homeostasis (Liang 

et al. 2010, Niu et al. 2013, Wang et al. 2015). Uncontrolled expression of such a 

protein may cause significant changes in the cells, since it can regulate protein 

expression in the unspecific manner. It is possible therefore, that in the case of very high 

overexpression of MCPIP1, the regular balance between protein expression and 

degradation could be disrupted. Recent studies of the mechanism of MCPIP1 action 

indicated that many secondary RNA structures can be recognized and degraded by 

MCPIP1 (Wilamowski et al. 2018). This could be also the case during T1DM 

development, when proinflammatory cytokines constantly activate the NFB signaling 

pathway and lead to a parallel stimulation of MCPIP1 protein expression (Tyka et al. 

2019). Since the results from the IDDM rat strongly suggested an involvement of 

changes in the MCPIP1 expression in cytokine toxicity to beta-cells, in the following 

part of this dissertation the influence of proinflammatory cytokines on MCPIP1 

expression in rat and human clonal beta-cell lines and primary pancreatic islets was 

studied. 



Results and discussion 
 

90 

   

In line with studies from the healthy rats (normoglycemic and without infiltration) 

the basal expression of MCPIP1 in untreated cells was very low (Tyka et al. 2019). 

However, after exposure to proinflammatory cytokines a strong induction of MCPIP1 

transcription was observed (in rat INS1E cells - 25 times, in rat pancreatic islets - 10 

times, in human EndoC-H1 beta-cells and in human pancreatic islets - around 4.5 

times) (Tyka et al. 2019). In rat pancreatic islets the induction was weaker than as in 

INS1E cells, but this difference could be due to the more difficult access of 

proinflamamtory cytokines to beta-cells and presence of other cell types. The cytokine-

mediated induction of MCPIP1 in human Endoc-H1 beta-cells was significantly lower 

as compared to rat cells and a similar observation was done in the case of human 

pancreatic islets (Tyka et al. 2019). Interestingly, human beta-cells are less sensitive to 

proinflammatory cytokines than rat cells, and both a higher concentration of 

proinflammatory cytokines together with a longer exposure time are needed to induce 

apoptosis and cell death (Gurgul-Convey et al. 2016). Furthermore, in human beta-cells 

proinflammatory cytokines fail to induce NFB activation, iNOS gene expression and 

NO• generation (Brozzi et al. 2015, Gurgul-Convey et al. 2016). This could explain also 

a weaker activation of MCPIP1 expression in human beta-cells. Moreover, in human 

EndoC-H1 beta-cells and pancreatic islets a higher basal expression of MCPIP1 as 

compared to rat INS1E cells and pancreatic islets was observed, as confirmed by 

quantification of the total gene copy number of MCPIP1 and RNAseq analysis in both 

cell types (Tyka et al. 2019). Thus, the higher basal expression of MCPIP1 in human 

beta-cells may explain the weaker induction of MCPIP1 expression and NFB 

activation by proinflammatory cytokines in these cells. Since a moderate MCPIP1 

overexpression prevented beta-cell viability loss caused by proinflammatory cytokines, 

a further investigation of the mechanism engaged in this protective action was 

undertaken. The NFB–iNOS signaling pathway is activated in beta-cells after exposure 

to proinflammatory cytokines leading to NO• generation and induction of apoptosis 

(Eizirik and Mandrup-Poulsen 2001, Heimberg et al. 2001, Gurgul-Convey et al. 2011, 

Kacheva et al. 2011, Berchtold et al. 2016). The activation of caspases plays a central 

role in the execution-phase of apoptosis (Porter and Janicke 1999).  It has been 

previously shown that caspase-3 is strongly activated in insulin-secreting cells exposed 

to proinflammatory cytokines (Eizirik and Mandrup-Poulsen 2001, Hanzelka et al. 

2012, Lortz et al. 2013, Berchtold et al. 2016, Gurgul-Convey et al. 2016, K et al. 

2017). Results obtained in this dissertation showed that a moderate overexpression of 
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MCPIP1 significantly reduced the cytokine-mediated cell viability loss and caspase-3 

activation in rat insulin-secreting INS1E cells (Tyka et al. 2019). The moderate 

expression of MCPIP1 (0.2) correlated also with preserved proliferation rate after 

exposure to cytokines, the phenomenon especially strong in the case of IL-1. 

Moreover, the MCPIP1-mediated protection against cytokine toxicity was associated 

with a higher ATP content in MCPIP1-overexpressing INS1E cell clones (Tyka et al. 

2019). A moderate MCPIP1 overexpression was also able to reduce oxidation of 

DCFDA (a marker for overall nitrooxidative stress) under exposure to proinflammatory 

cytokines. Moreover, a lower cytokine-mediated MnSOD expression was detected in 

INS1E-MCPIP1 cells, which together with a parallel strong down-regulation of 

cytokine-induced iNOS expression could be responsible for the observed reduction of 

overall nitrooxidative stress.  

Since human beta-cells are less sensitive to proinflammatory cytokine toxicity (Brozzi 

et al. 2015, Gurgul-Convey et al. 2016), but characterized by a significantly higher level 

of basal MCPIP1 expression as compared to rat beta-cells (Tyka et al. 2019) the 

question arose whether this high endogenous expression of MCPIP1 makes human 

beta-cells robust to deleterious effects of cytokines. To address this question the 

sensitivity to proinflammatory cytokines of human EndoC-H1 beta-cells with 

suppressed MCPIP1 expression was analyzed. The toxicity of proinflammatory 

cytokines was estimated by means of the propidium iodide staining, the golden standard 

in cell death analysis (Wilde et al. 1994, Monette et al. 1998). In the pilot experiments, 

the use of MTT assay was excluded due to the failure of obtaining reproducible results. 

Suppression of MCPIP1 in human EndoC-H1 beta-cells resulted in an increase of cell 

death (Tyka et al. 2019), strongly suggesting an important role of MCPIP1 in weaker 

sensitivity of human beta-cells to proinflammatory cytokines. Importantly, MCPIP1 

suppression elevated the cell death rate by 10% under unstimulated conditions and 

significantly potentiated cell death upon exposure to proinflammatory cytokines (Tyka 

et al. 2019). The observed induction of cell death rate correlated with the activation of 

NFB in human EndoC-H1 beta-cells by cytokines, a phenomenon which is only 

faintly present in control human EndoC-H1 beta-cells even after exposure to cytokines 

(Gurgul-Convey et al. 2016). It seems therefore possible that the relatively high 

endogenous expression level of MCPIP1 in untreated human EndoC-H1 beta-cells 

may be responsible for the lack of cytokine responsiveness of the NFB signaling in 

these cells due to the regulatory feedback-loop mechanism (Mizgalska et al. 2009). This 
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confirms our results from rat insulin-secreting INS1E cells, in which the moderate 

overexpression of MCPIP1 decreased cytokine-mediated beta-cell viability loss and 

caspase-3 activation in a NFB-iNOS-dependent manner (Tyka et al. 2019).  

Overexpression of MCPIP1 in human EndoC-H1 beta-cells did not significantly affect 

beta-cell death at lower concentrations of doxycycline, but significantly potentiated it at 

higher concentrations as compared to control cells (Tyka et al. 2019). Noteworthy, the 

very high overexpression of MCPIP1 in rat insulin-secreting INS1E cells also resulted 

in the potentiation of cytokine-mediated beta-cell death and ER stress (Tyka et al. 

2019). Thus, the data from rat insulin-secreting INS1E cells and human EndoC-H1 

beta-cells confirm the crucial role of a tight regulation of MCPIP1 expression level for 

beta-cell survival, especially in the case of exposure to proinflammatory cytokines.  

As a ribonuclease, MCPIP1 can regulate mRNA decay of transcripts for pro- and 

antiapoptotic proteins (Lu et al. 2016). MCL-1 has been recently reported as a powerful 

antiapoptotic protein in beta-cells, which expression under T1DM conditions is 

significantly reduced in rat and human beta-cells (Allagnat et al. 2011, Meyerovich et 

al. 2017). In human EndoC-H1 beta-cells the expression of MCL-1 was significantly 

higher as compared to rat insulin-secreting INS1E cells (Tyka et al. 2019). Exposure to 

proinflammatory cytokines resulted in a small decrease of Mcl-1 gene expression in 

INS1E cells (Tyka et al. 2019). However, no changes on the protein level after exposure 

to cytokines were observed either in control or MCPIP1-overexpressing cells (Tyka et 

al. 2019). This is in contrast with studies from another group, in which incubation with 

a different mixture of cytokines (Allagnat et al. 2011, Meyerovich et al. 2017) led to 

reduction of MCL-1 protein expression. It has to be mentioned that the use of TNF 

and IFN at higher concentrations as compared to our cytokine mixture (100U/ml vs 

14U/ml IFN and 1000U/ml vs 185U/ml TNF respectively) may differentially affect 

the activation of signaling pathways and result in the observed discrepancies of cytokine 

effects on MCL-1 protein expression. In INS1E cells overexpressing MCPIP1 on the 

moderate level a higher expression of MCL-1 was detected (Tyka et al. 2019). 

Interestingly, the observed higher basal expression of MCPIP1 in human EndoC-H1 

beta-cells correlated also with the elevated level of MCL-1 protein and lower 

susceptibility of beta-cells to proinflammatory cytokines (Tyka et al. 2019).  

The proper function of ER in beta-cells is of crucial importance for the fast and 

appropriate biosynthesis of insulin (Eizirik and Cnop 2010, Hetz 2012, Brozzi and 

Eizirik 2016). An elevated expression of certain ER stress markers was detected in 
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pancreatic samples of T1DM patients (Marhfour et al. 2012). Proinflammatory 

cytokines increase the expression of the transcription factor C/EBP and this leads to an 

enhanced expression of CHOP, one of the best characterized ER stress markers in beta-

cells (Pirot et al. 2007, van der Krieken et al. 2015).  CHOP acts as a repressor of 

antiapoptotic protein BCL2 and induces apoptosis (Pirot et al. 2007, van der Krieken et 

al. 2015). A moderate overexpression of MCPIP1 in INS1E cells significantly decreased 

C/EBP  and CHOP gene and protein expression after exposure to proinflammatory 

cytokines (Tyka et al. 2019). This is in line with recent studies indicating an important 

role of MCPIP1 in the regulation of the C/EBP transcript degradation, through the 

specific binding to the stem loop in its mRNA (Lipert et al. 2017). Thus, MCPIP1-

mediated down-regulation of C/EBP expression decreased CHOP expression, reduced 

ER stress and inhibited apoptosis in rat insulin-secreting INS1E cells. To ensure proper 

folding of proteins, chaperone proteins are present in the cells. BiP is one of the most 

important chaperones involved in ER function. It senses ER stress and activates 

unfolded protein response (UPR) (Plemper et al. 1997, Bertolotti et al. 2000, Alder et al. 

2005). In INS1E cells exposed to proinflammatory cytokines the expression of BiP was 

significantly reduced, thus confirming earlier reports (Lortz et al. 2015, Hahn and Tyka 

et al. 2017). A moderate MCPIP1 overexpression did not affect BiP expression in rat 

INS1E cells (Tyka et al. 2019). 

 

3.1.3 The role of the PIN/DUB domain of MCPIP1 in down-regulation of the 

cytokine-induced NFB pathway in insulin-secreting cells 

 

MCPIP1 is a multifunctional protein with a RNase, deubiquitinase and ubiquitinase 

activity (PIN/DUB domain, UBA domain) (Li M 2012, Brady and Muljo 2013, Niu et 

al. 2013, Bugara et al. 2017, Lipert et al. 2017).  Recent studies indicated that for the 

full activity of MCPIP1 the zinc finger motif (ZF) and proline-rich regions sequences 

(PRR) are required (Mino et al. 2015). They help MCPIP1 to bind to the specific 

mRNAs and proteins.  In insulin-secreting INS1E cells with a moderate MCPIP1 

overexpression, a reduced NFB activation, ER stress and higher cell viability after 

exposure to proinflammatory cytokines were observed (Tyka et al. 2019).  These 

protective effects of MCPIP1 overexpression were lost in INS1E cells expressing the 

mutant MCPIP1 protein lacking the PIN/DUB domain (Tyka et al. 2019). Thus, 
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MCPIP1 reduces cytokine-mediated toxicity in insulin-secreting cells through the 

mechanism strongly dependent on the PIN/DUB domain function. 

 

3.1.4 Alternative splice variants of MCPIP1 in pancreatic beta-cells 

 

Recent studies indicate that alternative splicing plays an essential role in the regulation 

of beta-cell signaling and response to proinflammatory cytokines (Villate et al. 2014, 

Juan-Mateu et al. 2018). The presence of two alternative transcript variants of MCPIP1 

in human pancreatic islets after exposure to proinflammatory cytokines was detected by 

RNA sequencing (Eizirik et al. 2012). By using the in silico analysis it was 

demonstrated in this dissertation that the variant 4 has an almost complete PIN domain, 

but lacks the ZF or PRR sequences (Tyka et al. 2019). Interestingly, the variant 5 

contains not only a fragment of the PIN domain, but also the ZF sequence (Tyka et al. 

2019). Overexpression of the variant 4 in rat insulin-secreting INS1E cells resulted in a 

slight decrease of cell viability and a potentiation of overall nitrooxidative stress upon 

cytokine exposure as compared to control cells (Tyka et al. 2019). Overexpression of 

the variant 5 increased cell viability and reduced overall nitrooxidative stress in cells 

exposed to proinflammatory cytokines (Tyka et al. 2019). As already mentioned the 

PIN/DUB domain of MCPIP1 requires for its full functionality the ZF and PRR 

sequences (Mino et al. 2015). This could explain the loss of function of MCPIP1 in the 

splice variant 4, in which only the PIN/DUB domain was present. The slightly 

protective effects of the splice variant 5 overexpression may be explained by the 

partially present PIN and ZF domains. 

 

3.1.5 MCPIP1 and beta-cell function 

 

Incubation with proinflammatory cytokines decreased glucose-stimulated insulin 

secretion (GSIS) in control INS1E cells, thus confirming previous observations 

(Hanzelka et al. 2012, Gurgul-Convey et al. 2016, K et al. 2017) (Fig. 10). In 

insulin-secreting INS1E cells with a moderate MCPIP1 overexpression, insulin 

secretion at 10 mM Glc was significantly higher than in control cells (Fig. 10). 

However, MCPIP1 overexpression failed to protect INS1E cells against cytokine-

mediated inhibition of GSIS (Fig. 10). The mechanism of MCPIP1-mediated 

potentiation of GSIS remains unknown, but it could rely on an increased glucokinase 

activity, ATP level, regulation of ATP-sensitive K+ channels and/or voltage-gated Ca2+ 
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channels as well as other proteins involved in insulin exocytosis. Thus, further studies 

are needed to clarify this effect in INS1E cells.  

 

Fig. 10. Effects of MCPIP1 overexpression on glucose-stimulated insulin secretion in 
insulin-secreting INS1E cells incubated with proinflammatory cytokines. 

Glucose-stimulated insulin secretion in INS1E control and MCPIP1 overexpressing cells after a 24-h 
incubation with IL-1 (600U/ml) or a proinflammatory cytokine mixture (IL-1 60U/ml, TNF 185U/ml, 
IFN 14U/ml). Data are mean values from 6-8 experiments ± SEM. *p<0.05, **p<0.01, ***p<0.001 vs. 
untreated, ##p<0.01, ###p<0.001 vs. control cells treated the same way; ANOVA followed by 
Bonferroni. 
 
 

3.2 Comparison of protective effects of MCPIP1 and SPL in insulin-secreting 

INS1E cells 

 

In this dissertation the effects of two proteins involved in the regulation of 

inflammation, MCPIP1 and SPL, on cytokine-mediated beta-cell dysfunction and death 

were analyzed (Tyka et al. 2019, Hahn and Tyka et al. 2017) (Tab.1). The anti-

inflammatory protein MCPIP1 is localized in the cytoplasm and facilitates a direct 

degradation of transcripts of proinflammatory cytokines, transcription factors as well as 

other proteins involved in the inflammatory response regulation (Li M 2012, Brady and 

Muljo 2013, Lu et al. 2016, Lipert et al. 2017). Due to its deubiquitinase activity it can 

downregulate NFB activation in various cell types (Liang et al. 2010, Niu et al. 2013). 

SPL is an ER localized enzyme that catalyzes the final and irreversible step in the 

sphingolipid metabolism, namely the degradation of sphingosine-1-phosphate (S1P) 

(Serra and Saba 2010, Aguilar and Saba 2012). S1P is a bioactive multifunctional 

signaling sphingolipid involved in regulation of many important cellular functions and 

its level is tightly regulated by SPL (Spiegel and Milstien 2003, Sanchez and Hla 2004, 
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Serra and Saba 2010). In insulin-secreting INS1E cells a short-term exposure to 

proinflammatory cytokines resulted in the induction of SPL and MCPIP1 expression 

(Hahn and Tyka et al. 2017, Tyka et al. 2019). Interestingly the expression of SPL was 

decreased by a prolonged incubation (24h) with cytokines as compared to control cells, 

while the stimulatory effect of cytokines on MCPIP1 was maintained (Hahn and Tyka et 

al. 2017, Tyka et al. 2019).  

The expression of both SPL and MCPIP1 in rat insulin-secreting INS1E cells and rat 

pancreatic islets was significantly lower as compared to liver, while it differentially 

varied from the expression level detected in other analyzed tissues (Hahn and Tyka et 

al. 2017, Tyka et al. 2019). Overexpression of MCPIP1 or SPL provided protection 

against cytokine-mediated beta-cell death by reducing the activation of the effector 

caspase-3 (Tyka et al. 2019, Hahn and Tyka et al. 2017). Moreover, overexpression of 

these antiinflammatory proteins potentiated the rate of cell proliferation with a 

significantly stronger effect observed after SPL overexpression. Interestingly, the 

cytokine-induced NFB activation was diminished by MCPIP1 overexpression, but not 

affected by SPL overexpression (Tyka et al. 2019, Hahn and Tyka et al. 2017). SPL 

overexpression failed also to decrease the expression of iNOS and NO• generation 

(Hahn and Tyka et al. 2017, Tyka et al. 2019). In contrast to SPL, MCPIP1 

overexpression resulted not only in the reduction of the cytokine-mediated NFB 

activation, but also down-regulated iNOS expression and NO• generation (Hahn and 

Tyka et al. 2017, Tyka et al. 2019). MCPIP1 additionally decreased overall 

nitooxidative stress detected by DCF oxidation and again this effect was not observed in 

INS1E-SPL cells (Tyka et al. 2019, Hahn and Tyka et al. 2017).   

As discussed above, ER stress is an important factor contributing to cytokine-mediated 

apoptosis in pancreatic beta-cells (Eizirik et al. 2008). Both studied anti-inflammatory 

proteins, significantly decreased cytokine-mediated CHOP induction and slightly 

increased BiP expression (Hahn and Tyka et al. 2017, Tyka et al. 2019). Previous 

studies showed that MCPIP1 can degrade mRNA for C/EBP a transcription factor 

involved in the CHOP expression activation (Lipert et al. 2017)  In the case of insulin-

secreting INS1E cells the expression of C/EBP was significantly increased after 

exposure to proinflammatory cytokines. A moderate overexpression of MCPIP1 

significantly reduced cytokine-mediated C/EBP expression (Tyka et al. 2019). Thus, it 

seems that the downregulation of ER stress in INS1E-MCPIP1 cells was at least 

partially due to a decreased expression of C/EBP Additionally INS1E-MCPIP1 cells 
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expressed the antiapoptotic protein MCL-1 on a significantly higher level than control 

cells (Tyka et al. 2019). MCL-1 expression has been shown to be decreased after 

exposure to proinflammatory cytokines in rat and human beta-cells and it is believed 

that this is a crucial event for the activation of caspases (Allagnat et al. 2011, 

Meyerovich et al. 2017).  

The SPL-mediated inhibition of the cytokine-driven ER stress response, dependent on 

the prevention of CHOP induction and maintenance of BiP expression (Hahn and Tyka 

et al. 2017). Maintenance of BiP expression in INS1E-SPL cells seems to be crucial for 

proper Ca2+ homeostasis and cell survival and function as shown in other cell types 

(Berridge et al. 2003, Rizzuto and Pozzan 2006, Clapham 2007). Many studies showed 

that disruption of this homeostasis resulting in a prolonged or chronic elevation of 

intracellular calcium concentration may activate cellular senescence and lead to 

apoptosis (Chang et al. 2004, Pinton et al. 2008, Ramadan et al. 2011). In this 

dissertation changes of intracellular Ca2+ content were assessed by a new fluorescent 

biosensor pCASE (Hahn and Tyka et al. 2017, Shelukhina et al. 2017). The intensity of 

pCASE fluorescence correlates with the raising Ca2+ concentration in cells (Nakai et al. 

2001, Souslova et al. 2007). This method enables also the targeted expression of 

pCASE in various cellular compartments (Chang et al. 2011). In this project a co-

transfection of SPL and pCASE-Cyto (cytosolic) or pCASE-Mito (mitochondrial 

localization) was performed (Hahn and Tyka et al. 2017). The analysis of pCASE 

fluorescence in insulin-secreting INS1E cells indicated that SPL overexpression 

lowered cytosolic Ca2+ levels as compared to control INS1E cells (Hahn and Tyka et al. 

2017). High intracellular Ca2+ concentration can lead to the activation of proapoptotic 

members of the Bcl-2 family, like the BAD protein, in many cell types including beta-

cells (Gurzov and Eizirik 2011, Smith and Schnellmann 2012). The calcium-calpain 

pathway has been reported to regulate the phosphorylation status of BAD (Smith and 

Schnellmann 2012) and a higher level of phosphorylated BAD was linked to prevention 

of cell death (Ohi et al. 2006). Phosphorylated BAD is not able to interact with proteins 

BCL-x and BCL-2 and cannot induce caspase activation and apoptosis (Tan et al. 2000). 

Interestingly, the amount of phosphorylated BAD protein in INS1E-SPL cells was 

significantly higher as compared to control cells and was not decreased by 

proinflammatory cytokines (Hahn and Tyka et al. 2017). As discussed above, 

overexpression of SPL in INS1E cells increased also the expression of BiP, recently 

linked to the regulation of Ca2+ leakage from ER through the Sec61 transporter (Alder 
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et al. 2005). Noteworthy, the expression of Sec61 in SPL-overexpressing cells was 

elevated as compared to control cells (Hahn and Tyka et al. 2017). The well preserved 

BiP and Sec61 expression provides an explanation for the maintenance of Ca2+ 

homeostasis in INS1E-SPL cells (Hahn and Tyka et al. 2017). 

As previously shown overexpression of a mitochondrial protein mimitin also protected 

insulin-secreting cells against cytokine toxicity in the NFB-iNOS-independent manner, 

however, the mechanism was based on the reduction of mitochondrial stress (Hanzelka 

et al. 2012). In SPL-overexpressing INS1E cells the expression of mimitin and 

prohibitin 2 (Phb2) was significantly higher than in control INS1E cells.  Since the 

expression of Phb2 in INS1E-SPL cells was higher than that of mimitin, for follow-up 

studies involving siRNA-mediated suppression, Phb2 was selected (Hahn and Tyka et 

al. 2017). Suppression of Phb2 reduced ATP content and increased cytokine-mediated 

caspase-3 activation in INS1E-SPL cells in comparison to control cells (Hahn and Tyka 

et al. 2017). Thus, SPL overexpression protected insulin-secreting INS1E cells from 

cytokine-mediated apoptosis, additionally to the inhibition of ER stress response, 

through an increased expression of Phb2 in mitochondria, and maintenance of higher 

ATP content (Hahn and Tyka et al. 2017).  

Thus, SPL overexpression resulted in the protection against cytokine-mediated toxicity 

via two mechanisms: a) Ca2+ homeostasis maintenance b) induction of chaperone 

expression. These results show that an effective prevention of cytokine toxicity in beta-

cells does not necessary require down-regulation of the NFB-iNOS pathway. 

Though the main focus of this dissertation was to study the role of MCPIP1 and SPL 

with regard to cytokine-mediated apoptosis, in my experimental work also the analysis 

of glucose-induced insulin secretion in the presence of cytokines was included. There 

was a lack of significant differences between control and INS1E-SPL cells in GSIS after 

incubation with 10 mM Glc (Hahn and Tyka et al. 2017). However, after exposure to 

proinflammatory cytokines SPL overexpression partially protected from cytokine-

mediated inhibition of GSIS in INS1E cells (Hahn and Tyka et al. 2017). Interestingly, 

overexpression of MCPIP1 in INS1E cells significantly potentiated GSIS at 10 mM Glc, 

but failed to protect the cells from cytokine-mediated inhibition of GSIS (Fig. 10). 

In conclusion, MCPIP1 and SPL are poorly expressed in unstimulated, untreated rat 

insulin-secreting cells. The expression of these proteins undergoes changes upon 

exposure to proinflammatory cytokines as in the course of T1DM development. 

Overexpression of MCPIP1 or SPL prevents cytokine-mediated beta-cell death in 
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insulin-secreting cells. Taking into account different cellular localization of these 

proteins and their distinct biological functions, also the mechanisms involved in the 

observed protection against proinflammatory cytokines differed, though in both cases 

reduction of ER stress was observed (Tab. 1). MCPIP1 protected insulin-secreting cells 

through the inhibition of the NFB-iNOS-NO• signaling pathway, reduction of ER 

stress and potentiation of antiapoptotic MCL-1 protein expression (Tyka et al. 2019). 

The protective effect of SPL relied on increased beta-cell viability, potentiated cell 

proliferation, maintenance of mitochondrial and ER functions, as well as calcium 

homeostasis (Hahn and Tyka et al. 2017). The comparison of MCPIP1 and SPL effects 

in insulin-secreting cells is depicted in Tab. 1. 

 

Protein MCPIP1 SPL 

Localization Cytoplasm ER 

Biological functions RNase, deubiquitinase 
S1P lyase (irreversible 

degradation of S1P) 

Protective mechanism NFB-iNOS-NO• dependent 

-NFB-iNOS-NO• independent 

-maintenance of mitochondrial 
and ER function 

Effects on  

nitrooxidative stress 
Significantly reduced No effects 

Effects on ER stress 
Reduced Chop and slightly 

induced Bip expression 
Reduced Chop and induced Bip 

expression 

Tab. 1. Comparison of MCPIP1 and SPL effects in insulin-secreting cells. 
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3.3 The mechanism of homocysteine-mediated oxidative stress and cell death in 

insulin-producing cells 

 

Previous studies suggested that a prolonged exposure to high concentrations of HC 

leads to reduction of beta-cell viability and GSIS (Scullion et al. 2012). Currently, the 

best established hypothesis for underlying mechanisms of HC toxicity in beta-cells is 

the generation of oxidative stress (Faraci and Lentz 2004). In this part of my 

dissertation, the type and localization of ROS in beta-cells after exposure to HC were 

analyzed. The exposure of insulin-secreting INS1E cells to HC significantly decreased 

cell viability as well as GSIS and insulin content, thus confirming earlier studies 

(Scullion et al. 2012, Scullion et al. 2016). To determine the nature of ROS and the 

cellular compartment involved in ROS generation after exposure to HC, 

insulin-producing RINm5F cells genetically modified to express a fluorescent H2O2 

sensor HyPer were used (Scullion et al. 2016). The HyPer protein enables a specific 

measurement of H2O2 generation in the cytosolic (HyPer-Cyto) or mitochondrial 

(HyPer-Mito) compartment of cells (Gurgul-Convey et al. 2011). The results indicated 

an increased production of H2O2 in the cytosol after incubation with HC with no 

changes in the H2O2 level in the mitochondria (Scullion et al. 2016). Incubation with 

cysteine did not change H2O2 production either in cytoplasm or mitochondria (Scullion 

et al. 2016). The formation of H2O2 in the cytoplasm correlated with HC-toxicity 

(Scullion et al. 2016).  

Alloxan is one of the best known beta-cell toxins (Elsner et al. 2002, Elsner et al. 2003, 

Elsner et al. 2006, Elsner et al. 2008, Lenzen 2008). Alloxan has a similar structure to 

glucose and can be transported into cells via GLUT2 glucose transporters (Lenzen and 

Panten 1988). Toxic effects of alloxan are mediated in the presence of cellular thiols 

(e.g. glutathione) through the formation of ROS in a redox cycling with its redox 

product, dialuric acid (Lenzen 2008). Dialuric acid autooxidation generates superoxide 

radicals, hydrogen peroxide and at last highly toxic hydroxyl radicals in a final reaction 

step catalyzed by iron (Lenzen 2008). Generation of highly toxic hydroxyl radicals is 

responsible for beta-cell death induced by alloxan (Lenzen et al. 1988, Lenzen 2008). 

Sulfur-containing amino acids can potentiate alloxan toxicity by serving as a redox 

cycling partner (Scullion et al. 2012). Alloxan can also inhibit glucokinase activity and 

thereby reduce GSIS (Lenzen 2008). In this study (Scullion et al. 2016), alloxan 

potentiated HC toxicity and formation of HO in insulin-producing cells, thus 

supporting previous studies (Lenzen 2008, Scullion et al. 2012).  
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To confirm the important role of oxidative stress in HC mediated beta-cell toxicity, 

insulin-producing RINm5F cells with overexpression of the cytosolic form of 

superoxide dismutase CuZnSOD and catalase in cytosol (CytoCat) or mitochondria 

(MitoCat) were used (Scullion et al. 2016). The observed protective effects of CytoCat 

and CuZnSOD on beta-cell toxicity and H2O2 formation confirmed that HC leads to 

production of superoxide radicals and H2O2 in the cytoplasm but not in mitochondria of 

insulin-producing cells (Scullion et al. 2016).  

Thus the very weak antioxidative defence status of pancreatic beta-cells characterized 

by a strong imbalance in H2O2 generating and detoxifying enzymes makes them 

particularly vulnerable to HC-mediated oxidative stress and toxicity. 
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4 SUMMARY AND CONCLUSIONS 
 

Diabetes is the most common metabolic disorder, which incidence has been rapidly 

raising during last decades (Hummel et al. 2012, Sherwin and Jastreboff 2012, Atkinson 

et al. 2014). The two main types of diabetes are T1DM and T2DM (see: Introduction). 

In both forms of diabetes insulin-secreting cells in the pancreas develop dysfunction and 

undergo cell death, though due to distinct mechanisms and in a different time-frame. 

The main aim of this dissertation was to uncover the role of MCPIP1 in the regulation 

of beta-cell fate and function under T1DM-simulating conditions. As a second part, the 

importance of intracellular S1P upon cytokine toxicity in insulin-secreting cells was 

studied by an overexpression of SPL, the enzyme degrading S1P. Finally, in the third 

part of this project the mechanism underlying oxidative stress-mediated HC toxicity in 

insulin-secreting cells was clarified.  

The studies were performed in the well-established rat insulin-producing RINm5F and 

insulin-secreting INS1E cell lines as well as in the novel human EndoC-H1 beta-cells 

to enable translation of the obtained results to the human situation. Interestingly, the 

expression of MCPIP1 as well as of SPL (E.Gurgul-Convey, unpublished observation) 

in human beta-cells is significantly higher than that detected in rat insulin-secreting 

cells. Though further studies are required, it seems that human beta-cells are better 

equipped with anti-inflammatory defense mechanisms than rat beta-cells. This could 

explain the observed delay in and a lower susceptibility to cytokine toxicity of human 

vs. rat beta-cells.  

Moreover, the analysis of the pancreatic islets from the rat model of human T1DM, the 

IDDM rat, indicated significantly higher expression of MCPIP1 in rats with prediabetes 

and diabetes (islets with infiltration) as compared to the healthy animals. 

Overexpression of MCPIP1 in rat INS1E cells resulted in distinct effects on 

cytokine-mediated beta-cell death, strongly dependent on the expression magnitude. 

While a moderate overexpression of MCPIP1 demonstrated protective effects against 

cytokine-mediated toxicity, the ultrahigh overexpression of MCPIP1 resulted in the 

potentiation of cytokine toxic action. The MCPIP1-mediated protection was achieved 

by the down-regulation of the NFB-iNOS signaling pathway with a parallel reduction 

of ER stress. The protective effect of MCPIP1 strongly depended on the presence of 

PIN/DUB domain with RNAse and deubiquitinase activity. On the other hand, a very 

high overexpression of MCPIP1 (>0.4) was associated with ER stress and the presence 
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of proteins of lower molecular mass, probably products of degradation and/or 

misfolding. This intriguing phenomenon requires further analysis to uncover the 

underlying mechanism. Since the endogenous expression of MCPIP1 in rat insulin-

secreting INS1E cells was very low, suppression of MCPIP1 in these cells was not 

toxic. Interestingly it also did not change beta-cell responsiveness to proinflammatory 

cytokines. Suppression of MCPIP1 in human EndoC-H1 beta-cells, which are 

characterized by a significantly higher basal expression of MCPIP1 as compared to rat 

beta-cells, resulted in potentiation of beta-cell death and activation of NFB after 

incubation with proinflammatory cytokines, an effect that is usually not observed in 

human beta-cells. Thus, high endogenous level of MCPIP1 may be responsible for the 

mitigation of NFB activity in human beta-cells and consequently lower responsiveness 

to the proinflammatory cytokines. Overexpression of MCPIP1 in human EndoC-H1 

beta-cells also potentiated cytokine-mediated cell death. As discussed above, the 

additional overexpression of MCPIP1 in human beta-cells, which are already well 

equipped with MCPIP1, may lead to the overload of the regulatory system of MCPIP1 

and be deleterious to these cells.  

Incubation with proinflammatory cytokines slightly reduced SPL expression in rat 

INS1E beta-cells and pancreatic islets. Overexpression of SPL in rat INS1E protected 

against cytokine-mediated toxicity in a NFB-independent manner. Suppression of SPL 

resulted in opposite effects. As shown in this study SPL overexpression protective 

mechanism depended on the upregulation of a mitochondrial chaperone protein Phb2 

expression, reduction of ER stress and maintenance of Ca2+ homeostasis.  

The studies of mechanisms underlying homocysteine toxicity in beta-cells confirmed 

the crucial role of oxidative stress in this process. The results provided the missing 

information about the nature and localization of ROS produced in beta-cells exposed to 

HC. It appears that HC induces generation of superoxide radicals and H2O2 in the 

cytoplasm of pancreatic beta-cells.  

Thus, the data obtained within this dissertation indicate an important role of both 

anti-inflammatory proteins, MCPIP1 and SPL, in the modulation of cytokine toxicity in 

pancreatic beta-cells. Additionally, the new insights into the mechanism of oxidative 

stress generation in HC mediated toxicity by HC in beta-cells were provided. These new 

findings uncover the novel mechanisms of the action of proinflammatory cytokines and 

homocysteine in pancreatic beta-cells, which may open new perspectives for therapy of 

diabetes. 
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