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 Zusammenfassung (Deutsch): 

Die Pyroptose ist eine Form des entzündungsverursachenden programmierten 

Zelltodes, der durch PAMPs (Pathogen Associated Molecular Patterns / Patho-

gen-assoziierte molekulare Muster) von pathologischen Mikroben und intrazellu-

lären Komponenten von geschädigten Zellen ausgelöst wird. Dadurch sollen Im-

munzellen angelockt und die Ausbreitung einer Infektion verhindert werden. Pyr-

optose findet hauptsächlich in Makrophagen statt, kann aber auch in anderen 

Immunzellen und Epithelzellen auftreten. Nach einer PAMP-Stimulation wird der 

proinflammatorische NF-κB-Signalweg aktiviert, was die Assemblierung des In-

flammasoms und die Spaltung der Effektor-Caspase-1 zur Folge hat. Die Haupt-

merkmale der Pyroptose sind eine durch Gasdermin D-Poren vermittelte Zelllyse 

und die Freisetzung der entzündungsfördernden Zytokine IL-1β und IL-18 in den 

extrazellulären Raum. 

Das weitläufig verabreichte synthetische Glucocortikoid (GC) Hydrocortison (HC) 

ist ein steroidales Medikament zur Behandlung von schweren Entzündungen. 

Physiologisch werden GCs bei Stress aus der Nebennierenrinde sezerniert und 

wirken als Immunsuppressivum und entzündungshemmendes Hormon, indem 

sie entzündungsfördernde Signalwege (z. B. NF-κB) hemmen. Für HC wurde je-

doch gezeigt, dass es auch das Potenzial hat, entzündungsfördernde Gene wie 

TLRs (Toll-like-Rezeptoren) und NLRP3 hochzuregulieren, was darauf hindeutet, 

dass HC sowohl positive als auch negative Auswirkungen auf die Entzündungs-

reaktion haben kann. Der Einfluss von HC auf die Pyroptose in Makrophagen 

wurde bisher nicht adressiert. 

In der vorliegenden Arbeit wurden die Auswirkungen einer Erhöhung der HC-

Konzentrationen auf die Induktion und Ausführung der Pyroptose in THP-1-Mak-

rophagen untersucht. Hierfür wurden die Zellen mit 0,1 μg/ml HC vorbehandelt, 

um basale Cortisolspiegel nachzuahmen, oder mit 0,2 und 0,4 μg/ml für chro-

nisch erhöhte Konzentrationsspiegel.  Pyroptose wurde durch LPS (Lipopolysac-

charid, 5 ng/ml) und ATP (Adenosintriphosphat, 5 mM) induziert. Die weitere Be-

handlung mit HC nach Pyroptoseinduktion erfolgte als eine akute Erhöhung von 

0,1 µg/ml auf 0,2 bzw. 0,4 µg/ml, die Konzentrationen einer klinischen Bedingung 

bei der Behandlung von schweren Infektion entsprechen bzw. bei mäßig (0,2 
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µg/ml) oder stark (0,4 µg/ml) gestressten oder mit HC vorbehandelten Patienten 

auftreten können. 

Die Ergebnisse der Untersuchungen haben gezeigt, dass eine akute HC-Exposi-

tion die LPS- und ATP-vermittelte pyroptotische Zelllyse im Vergleich zur physi-

ologischen Kontrolle nicht veränderte, jedoch eine chronische erhöhte HC-Expo-

sition die Zelllyse dosisabhängig verminderte. Interessanterweise waren nach 

akuter HC-Exposition die NLRP3- und Caspase-1-Aktivierung sowie die extrazel-

lulären IL-1β-Spiegel dosisabhängig erhöht. Die Aktivierung des NF-κB-Signal-

weges und die IL-1β-mRNA-Spiegel blieben jedoch unter diesen Bedingungen 

unverändert. Die chronische Exposition hingegen unterdrückte den NF-κB-Sig-

nalweg, die Proteinexpression und deren Aktivierung. Die Ergebnisse dieser Un-

tersuchungen zeigen, dass in Abhängigkeit einer akuten oder chronischen Expo-

sition die Effekte von HC auf die Pyroptose und die Ausschüttung des pro-in-

flammatorischen Zytokins IL-1β unterschiedlich ausfallen. Sie legen zudem die 

Umsetzung klinischer Studien zur Bewertung der Auswirkungen von IL-1β als 

möglichen Entzündungs- und pharmakologischen Biomarker für den klinischen 

Alltag nahe. 
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Abstract (English): 

Pyroptosis is a mode of inflammatory programmed cell death triggered by Path-

ogen Associated Molecular Patterns (PAMP) of pathological microbes and intra-

cellular components from damaged cells in order to attract immune cells and to 

prevent spread of infection. Pyroptosis occurs mostly in macrophages but can be 

also found in other immune cells and epithelial cells. Upon PAMP-stimulation the 

pro-inflammatory NF-κB signaling pathway is activated, which is followed by in-

flammasome assembly and cleavage of effector caspase-1. The main features of 

pyroptosis are cell lysis mediated by gasdermin D pores, and release of the pro-

inflammatory cytokines IL-1β and IL-18 into the extracellular space.  

The widely used synthetical glucocorticoid (GC) hydrocortisone (HC) is a steroi-

dal drug to limit inflammation. Physiologically, GCs are secreted from the adrenal 

cortex upon stress and act as immune suppressants and anti-inflammatory hor-

mones by inhibiting pro-inflammatory signaling pathways (e.g. NF-κB). However, 

it was shown that HC also has the potential to upregulate pro-inflammatory genes 

such as TLRs (Toll like receptors) and NLRP3, which indicates that HC can have 

both positive and negative effects on inflammatory immune responses. The im-

pact of HC on pyroptosis in macrophages was not addressed by now.  

In the present work, the effects of incrementing HC concentrations on induction 

and execution of pyroptosis were investigated in THP-1 macrophage-like cells. 

Accordingly, cells were pre-treated either with 0.1 μg/ml HC to mimic basal hu-

man cortisol levels or with 0.2 and 0.4 μg/ml to mimic chronically increased con-

centration levels. Pyroptosis was induced by LPS (lipopolysaccharide, 5 ng/ml) 

and ATP (adenosine triphosphate, 5 mM). Subsequent treatment with HC after 

pyroptosis induction was scheduled as an acute concentration increase from 0.1 

µg/ml to 0.2 or 0.4 µg/ml, which corresponds to patients HC treatment upon se-

vere inflammation or constant moderately (0.2 µg/ml) or highly (0.4 µg/ml) ele-

vated HC levels, resembling stress condition or patients otherwise pretreated with 

HC, respectively.   

Results derived from these investigations have shown, that the acute HC expo-

sure did not change LPS- and ATP-mediated cell lysis compared to physiological 

control, however chronically elevated HC dose-dependently attenuated cell lysis. 
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Interestingly, after acute exposure, NLRP3 and caspase-1 activation as well as 

extracellular IL-1β levels were dose-dependently augmented. However, NF-κB 

signaling pathway activation and IL-1β mRNA levels were unaltered under these 

conditions. Chronic exposure suppressed the NF-κB signaling pathway, protein 

expression and their activation.  

This study described that the effects of HC on pyroptosis in macrophages as well 

as on their release of the proinflammatory cytokine IL-1β are differently affected 

in dependence of an acute or chronic HC exposure. Moreover, the data promotes 

potential clinical studies to evaluate the impact of IL-1β as a possible inflamma-

tion and pharmacological biomarker in daily clinical routine.  
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1. Introduction 

1.1 Effector cells of the mononuclear phagocyte system: monocytes 

and macrophages 

The mononuclear phagocyte system is a part of the innate immune system that 

consists of phagocytic cells, primarily of monocytes and macrophages. Mono-

cytes are representatives of the myeloid-originated cellular branch of the innate 

immune system and comprise 5~10% of peripheral leukocytes in humans 

(Gordon & Taylor, 2005). Their main functions are phagocytosis and antigen-

presentation (Jakubzick, Randolph, & Henson, 2017). According to their surface 

markers, human monocytes are distinguished into classical monocytes (CD14++ 

CD16low), intermediate monocytes (CD14++ CD16+) and non-classical monocytes 

(CD14low CD16+). Classical monocytes migrate immediately to inflamed/infected 

tissue and exhibit phagocytic and pro-inflammatory functions; intermediate mon-

ocytes carry out pro-inflammatory and antigen-presenting functions; non-classi-

cal monocytes patrol the vasculature to remove cell debris and repair the endo-

thelium during homeostasis (Randolph, Beaulieu, Lebecque, Steinman, & Muller, 

1998; Sampath, Moideen, Ranganathan, & Bethunaickan, 2018; Wolf, Yáñez, 

Barman, & Goodridge, 2019). Monocytes generally have the ability to produce 

and to respond to pro- and anti-inflammatory signals such as cytokines, and upon 

inflammation they are recruited by chemotactic cytokines (chemokines) to emi-

grate into affected tissue and to differentiate into macrophages (Janssen et al., 

2011). 

Macrophages were considered to derive exclusively from monocytes, however, 

recent research shows that some macrophages already developed during em-

bryogenesis and emigrated from yolk sac and fetal liver into tissues. These mac-

rophages are called tissue-resident macrophages and their amount decreases to 

a low percentage after birth, but they are able to renew themselves in respective 

tissues (Ginhoux & Jung, 2014). Monocyte-derived macrophages are classified 

into pro-inflammatory macrophages (M1 macrophage) and pro-resolving macro-

phages (M2 macrophage). M1 macrophages are associated with inflammatory 

processes and can be stimulated by Interferone (IFN)-γ or lipopolysaccharide 
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(LPS). They highly express the surface molecules CD80 and CD86 to stimulate 

lymphocyte activation and pro-inflammatory cytokines such as Interleukin (IL) -6 

and tumor necrosis factor (TNF). M2 macrophages can be differentiated by IL-4 

(Orecchioni, Ghosheh, Pramod, & Ley, 2019; Yunna, Mengru, Lei, & Weidong, 

2020) and express CD206, Arg-1 and anti-inflammatory cytokines such as IL-10 

to support tissue repair (Jakubzick et al., 2017).   

Being cells of the MPS, macrophages eliminate microorganisms and remove cell 

debris by phagocytosis within tissues. They release pro-inflammatory cytokines 

such as IL-1β, TNF and IFN-γ to recruit other innate or adaptive immune cells to 

fight infection. Moreover, macrophages are like monocytes but also like dendritic 

cells and B cells professional antigen-presenting cells (APCs). They constitutively 

express MHC-II molecules to present internalized and processed antigens to T-

helper cells in order to initiate, modulate and resolve inflammation (Hohl et al., 

2009; Kashem, Haniffa, & Kaplan, 2017).  

Thus, monocytes and macrophages play a central role in innate immunity during 

infection and represent a bridge between the innate and adaptive immune sys-

tem. 

1.2 Toll-like receptors on monocytes and macrophages 

To recognize antigens such as conserved pathogenic microbial products or path-

ogen associated molecular patterns (PAMPs), monocytes and macrophages ex-

press a variety of pattern recognition receptors (PRR) including RIG-I–like recep-

tors, C-type lectin receptors and Toll-like receptors (TLRs) (Fitzgerald & Kagan, 

2020). By now, 10 different TLRs have been identified in humans. TLRs 1, 2, 4, 

5, 6 and 10 are expressed on the cell surface and detect microorganismal com-

ponents. Specifically, TLR 1, 2 and 6 detect lipoproteins (Kang et al., 2009), TLR4 

responds to LPS (Janssen et al., 2011) and bacterial flagellin activates TLR5 

(Hayashi et al., 2001). The function of TLR10 it yet unclear, however, it has been 

reported that TLR10 interacts with the HIV-1 gp41 protein (Henrick et al., 2019). 

The other types of TLRs are expressed intracellularly in endosomes (Rock, 

Hardiman, Timans, Kastelein, & Bazan, 1998), with TLR3 detecting double-

stranded (ds) RNA (Alexopoulou, Holt, Medzhitov, & Flavell, 2001), TLR7 and 8 
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being activated by single stranded (ss) RNA (Diebold, Kaisho, Hemmi, Akira, & 

Reis e Sousa, 2004; Greulich et al., 2019) and TLR9 sensing unmethylated CpG-

containing ssDNA (Hemmi et al., 2000). 

 

1.3 Pyroptosis 

Pyroptosis is one type of inflammasome-mediated programmed cell death that 

serves to avoid spread of intracellular pathogens like Salmonella spp., Francisella 

spp. and Legionella spp (Bergsbaken, Fink, & Cookson, 2009). Pyroptosis occurs 

mainly in infected macrophages, but also in other immune cell types and epithelial 

cells (Doitsh et al., 2014; Orzalli et al., 2021). Originally, pyroptosis was described 

as a caspase-1(cysteine-aspartic proteases-1) -dependent cell death of Salmo-

nella infected cells (Hersh et al., 1999). After execution, pyroptosis leads to cell 

lysis and consequently to the release of pyrogenic cytokines, especially of the IL-

1 family interleukins IL-1β and IL-18 (Kepp, Galluzzi, Zitvogel, & Kroemer, 2010), 

damage-associated molecular patterns (DAMPs) such as ATP, DNA, RNA and 

heat-shock proteins as well as the infection-inducing pathogen. This leads to re-

cruitment and activation of other immune cells like neutrophils and uninfected 

macrophages, which on the one hand directly kill the pathogen (Miao et al., 2010) 

and on the other hand further drive inflammation and activate adaptive immunity 

(LaRock & Cookson, 2013).  

The main features of pyroptosis are depicted in Figure 1.1 and described in detail 

below. The induction and execution of pyroptosis is composed of a 3-step-pro-

cess. Step 1: priming signal, where LPS binds to TLR4 and activates NF-κB to 

induce transcription of pro-form proteins (pro-IL-1β, pro-IL-18, pro-caspase-1, 

pro-Gasdermin D) and inflammasome components. Step 2: inflammasome acti-

vation by P2X7 receptor ligation with ATP, which opens ion channels. Thereby, 

efflux of potassium gives an assembly signal for the NLRP3 inflammasome, 

which in turn activates caspase-1 that cleaves pro-form proteins into their mature 

forms (IL-1β, IL-18, Gasdermin D). Step 3: pyroptosis execution by gasdermin D 

translocation into the plasma membrane, which results in pore formation and 

thereby IL-1β, IL-18 release and water influx, resulting in cell swelling and rupture.  
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Figure 1.1 Principle of pyroptosis. 

Step 1 LPS priming through TLR4 ligation and subsequent NF-κB activation, which 

leads to protein expression. Step 2 inflammasome activation by binding of ATP to 

P2X7 receptors which induces NLRP3 inflammasome assembly and caspase-1 activa-

tion. Step 3 pyroptosis execution where caspase-1 cleaves IL-1β and gasdermin D 

which results in pore formation and IL-1β release. Water influx causes cell swelling and 

cell membrane rupture.  

1.3.1 Priming signal (1st signal of pyroptosis) 

As mentioned in 1.3, induction of the pyroptotic process starts with a priming sig-

nal. In the case of LPS/ATP induced pyroptosis, LPS binding to CD14 and TLR4 

triggers the activation of the myeloid differentiation primary response protein 88 

(MyD88)-dependent signaling cascade. MyD88 recruits IL-1 receptor-associated 

kinase (IRAK) family members IRAK1 and IRAK4 in the cytosol, which subse-

quently activates tumor necrosis factor receptor-associated factor 6 (TRAF6) and 

transforming growth factor-β-activated protein kinase 1 (TAK1). A thereby formed 

TAK binding protein complex activates IκB kinase (IκK) which then phosphory-

lates the cytoplasmic NF-κB inhibitor IκB. Phosphorylated IκB dissociates from 

NF-κB, which then translocates into the nucleus to upregulate pro-caspase-1, 

pro-gasdermin D and pro-IL-1β expression as shown in Figure 1.2. 

In addition to NF-κB, the TAK binding protein complex is also capable to activate 

the p38-MAPK signaling pathway which enhances pro-inflammatory cytokine pro-

duction by AP-1 translocation into the nucleus. These pro-inflammatory pathways 
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are not only activated by TLR4, but also by TLR 2, 5, 7 and 9 (Gribar, Richardson, 

Sodhi, & Hackam, 2008). 

Thus, the priming signal leads in macrophages to the production of components 

required for the inflammasome formation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  

  

  

  

  

 

Figure 1.2 TLR4 signaling pathway.  

TLR4 activation by LPS needs presence of CD14, MD2 and LPS binding protein (LBP). 

LPS bound TLR4 starts MyD88 dependent (blue) and independent (yellow) mechanisms 

to activate NF-κB, p38 MAPK or IRF signaling pathways for upregulation of inflammatory 

cytokines and Type I interferons (Gribar et al., 2008).  



 

18 

 

1.3.2 Inflammasome activation (2nd signal of pyroptosis) 

An inflammasome is a multimeric complex consisting of NOD-like receptors (NLR) 

that sense danger signals, (pro-) caspase-1 that executes pyroptosis and apop-

tosis-associated speck-like protein (ASC) that links NLR and caspase-1 

(Kesavardhana & Kanneganti, 2017). Dependent on the stimulus, different NLRs 

such as NLRP1, NLRP3, NLRC4, AIM2 and pyrin can be integrated into an in-

flammasome (Place & Kanneganti, 2018). The NLRP3 inflammasome is the most 

classical and best understood inflammasome. NLRP3 senses danger signals like 

extracellular ATP, pore-forming toxins, uric acid crystals and some pathogens 

(He, Hara, & Nunez, 2016). The distinct mechanism behind NLRP3 inflam-

masomes assembly is still under debate, but a recent study revealed a potassium 

efflux mechanism through TWIK2 (Di et al., 2018) to be responsible for NLRP3 

inflammasome assembly.  

The effector caspase-1 represents the first identified human caspase (Wilson et 

al., 1994). Originally, it was termed interleukin-1 converting enzyme (ICE) be-

cause of its function in cleaving pro-IL-1β into its mature form. After priming signal 

of pyroptosis, caspase-1 is expressed as pro-caspase-1 and it´s activated upon 

NLRP3 inflammasome assembly. The main cleavage targets of caspase-1 are 

not restricted to IL-1β and IL-18 (Netea et al., 2010). It also cleaves gasdermin D, 

the pore forming protein in pyroptosis, into its active form (X. Liu et al., 2016).  

1.3.3 Execution phase of pyroptosis 

After NLRP3 inflammasome assembly and proteolytical maturation of caspase-1, 

preformed pro-IL-1β, -IL-18 and -gasdermin D are cleaved into their active form. 

Unlike typical cytokines that contain N-terminal signal sequences for canonical 

endoplasmic reticulum/Golgi-mediated export, pro-IL-1β and -IL-18 reside in the 

cytosol until caspase-1-dependent release mechanisms are activated (Netea et 

al., 2010). 

These two pro-inflammatory cytokines are strongly involved in inflammatory and 

autoimmune diseases like rheumatoid arthritis and Type I diabetes mellitus 

(Delaleu & Bickel, 2004). IL-1β is an endogenous pyrogen that induces fever, 

leucocyte recruitment and migration and release of other cytokines (Delaleu & 
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Bickel, 2004). IL-18 can trigger IFN-γ production for activation other immune cells 

(Nakanishi, Yoshimoto, Tsutsui, & Okamura, 2001). 

Gasdermin D belongs to the pore-forming effector protein gasdermin family (Broz, 

Pelegrín, & Shao, 2020) and it is expressed in various human cells, especially in 

leukocytes and epithelial cells (Rieckmann et al., 2017). Activation of gasdermin 

D requires caspase-1- mediated cleavage of its linker region FLTD (Broz et al., 

2020). Products of the cleavage are N-terminal gasdermin D (gasdermin D-NT; 

active domain) and C-terminal gasdermin D (repressor domain)(Shi et al., 2015). 

Active gasdermin D-NT fragments directly interact with phospholipids and form a 

pore on the cell membrane (Ding et al., 2016) which allows IL-1β and IL-18 re-

lease (Fink & Cookson, 2006). 

This non-selective pore allows a passage of water and ions causing cell swelling 

and ultimately cell membrane rupture and cell lysis, which results in the release 

of intracellular contents such as lactate dehydrogenase (LDH), a quantification 

marker of pyroptosis induction. Additionally, DAMPs released by pyroptotic cells 

recruit and activate nearby primed cells causing chronic, prolonged inflammation 

(Galluzzi et al., 2018; LaRock & Cookson, 2013). 

However, cell lysis is not the only consequence of gasdermin D pore formation. 

Hyperactive macrophages release IL-1β and IL-18 through gasdermin D pore 

without detectable cell lysis (Evavold et al., 2018). The gasdermin D pore has a 

diameter of 10-15 nm (Sborgi et al., 2016). This allows a release of small mole-

cules like cytokines (diameter of 4.5 nm) in the extracellular space, but not of 

large molecules such as LDH (diameter of 25 nm).  

Altogether, pyroptosis serves to fight against pathogenic infection by macro-

phages and to limit spread of infection but it may also induce severe inflammation. 

1.4 Glucocorticoids as regulators of inflammation 

Glucocorticoids (GCs) are adrenal hormones which are released in response to 

stress. The GC cortisol is synthesized and secreted in the cortex of human ad-

renal glands and regulated by the hypothalamic-pituitary-adrenal (HPA) axis 

(Rhen & Cidlowski, 2005). Most of the cortisol is bound to corticosteroid-binding 
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globulins in blood (Breuner & Orchinik, 2002). The remaining unbound corticol 

exerts biological activity (S. Yang & Zhang, 2004). 

Cortisol or Hydrocortisone (HC) is a lipophilic hormone, which spontaneously dif-

fuses trough the membrane and binds to its cytoplasmic glucocorticoid receptor 

(GR). GRs are constitutively expressed in all nucleated cells (Cain & Cidlowski, 

2017). Once bound and activated by GCs, GR translocates into the nucleus and 

interacts with DNA, to either enhance or repress gene expression by one of the 

three mechanisms of genomic effects: 1) direct binding to glucocorticoid-respon-

sive elements (GREs) of a gene promoter; 2) tethering to other transcription fac-

tors (TFs) like NF-κB, which indirectly interacts with DNA; 3) direct binding to DNA 

and interaction with nearby TFs (e.g. AP-1), which is known as composition 

(Cruz-Topete & Cidlowski, 2015). In addition to genomic effects, GRs can interact 

with phosphokinases for rapid non-genomic effects within minutes (Boldizsar et 

al., 2010). The detailed mechanisms of non-genomic effects are still under inves-

tigation. However an involvement in immune system responses was described 

(Ayroldi et al., 2012). 

GCs are important regulators of inflammation. Natural GCs such as cortisol and 

synthetically produced HC are widely used in clinical practice as anti-inflamma-

tory drugs. The anti-inflammatory activity of cortisol/HC and other GCs is mainly 

attributed to the suppressed gene expression of pro-inflammatory cytokines (e.g., 

IL-1β, IL-6, TNF) and adhesion molecules (e.g., ECAM-1, ICAM-1) by direct in-

teraction with GREs (Cronstein, Kimmel, Levin, Martiniuk, & Weissmann, 1992). 

Moreover, these hormones inhibit NF-κB, p38-MAPK and other signaling path-

ways related to pro-inflammatory immune responses. Inhibiting these pathways 

suppress leukocyte chemotaxis, migration, differentiation and activation 

(Franchimont et al., 2000; Piemonti et al., 1999) and consequently inflammation. 

Observation studies on human adrenalectomy or adrenal insufficiency which 

leads to lack of GCs production showed enhanced immune responses like in-

creased phagocytosis by macrophages and pro-inflammatory cytokine produc-

tion (Bishayi & Ghosh, 2007; Rahvar, Riesel, Graf, & Harbeck, 2019). However, 

the capability of killing pathogens was impaired (Bishayi, Ghosh, & Bhanja, 2003), 

which in turn illustrates the function of HC/GCs in reducing inflammation and reg-

ulating pathogen clearance. 
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Apart from the described anti-inflammatory effects, GCs display unexpected pro-

inflammatory or immune-sensitizing properties. Low-dose GC treatment of 

LPS/IFN-γ activated macrophages for instance induced gene expression of pro-

inflammatory cytokines, including IL-1β, IL-6, IL-12, CXCL1, CXCL10 and TNF 

(Lim, Müller, Herold, van den Brandt, & Reichardt, 2007). A genome-wide expres-

sion study on peripheral blood mononuclear cells (PBMCs) showed that TLR2, 

TLR4, NLRP3, and purine receptor PY2R2 are promoted by low-dose GCs 

(Busillo & Cidlowski, 2013), and downstream of the receptors are pro-inflamma-

tory cytokines like IL-1β, IL-6 and TNF. These findings suggest that low-dose 

GCs sensitize innate immune cells for rapid responses. 

Altogether, GCs act both as pro- and anti-inflammatory hormones. To understand 

how and in which condition GCs and HC in special regulate immune responses 

will provide insight into its directed application. 

1.5 Aim of research 

Pyroptosis of macrophages, which is induced by pathogen infection, leads to the 

release of pro-inflammatory cytokines such as IL-1β and may result in severe 

inflammation. HC is commonly used as therapeutic against inflammatory dis-

eases. This is based on the general ability of HC to modulate inflammation by 

regulating involved signaling pathways or by the enhancement of extracellular 

receptor expression. However, by now it was not distinguished between the ef-

fects of HC when administred at two different conditions: 1) when HC is admin-

istred to improve an inflammation state which is caused by infection (acute) or 2) 

when infection occurs under constantly high cortisol/HC concentrations like in 

very stressed persons or patients under continuous HC treatment (chronic). 

The aim of this study was to investigate, if an acute or chronic administration of 

high HC doses differentially influences pyroptosis. For this purpose, pyroptosis 

was induced in vitro in a THP-1 macrophage-like cell line under either acute or 

chronic HC co-incubation and essential steps and phases of pyroptosis were in-

vestigated, namely the priming phase, inflammasome activation phase and exe-

cution phase.  
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These results may contribute to the identication of different effects of HC on mac-

rophages in inflammation and direct to the importance of considering IL-1β as a 

standard inflammation marker in the clinical routine. 
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2. Material and Methods 

2.1 Materials 

Lists below are materials used in this study. 

2.1.1 Instruments 

Table 2.1 Instrument list 

Instrument Company Type 

Cell counter Bio-Rad TC20 

Centrifuge Thermo Scientific Heraeus 40R 

Clean Bench Heraeus HS 12/2 

CO2 Incubator Binder CB 220 

Developer system Agfa CURIX 60 

Flow cytometer Beckton Dickinson FACScan 

Flow cytometer Merck Millipore Guava 8HT 

Gel Casting Stand Bio-Rad Mini-PROTEAN® Tetra 

Laser Scanning Confocal Microscope Leica SP5 II 

Microcentrifuge Eppendorf 5430R 

Microplate Reader Molecular Devices EMax Plus 

Microscope with camera Leica DMiIL 

Microvolume Spectrophotometer Thermo Scientific NanoDrop One 

Mini Trans-Blot® Module Bio-Rad Mini-PROTEAN® Tetra 

Power Supply Bio-Rad PowerPac™ Basic 

Real-Time PCR Systems Applied Biosystems StepOnePlus 

Thermal cycler Applied Biosystems GeneAmp 2700 

Thermal mixer Eppendorf Thermomixer C 

Ultra-Low Freezer Eppendorf F740i 

Vertical Electrophoresis Cell Bio-Rad Mini-PROTEAN® Tetra 

 

  



 

24 

 

2.1.2 Reagents and Chemicals 

Table 2.2 List of reagents and chemicals 

Reagent Company Catalog Number 

2-Propanol Merck 1.09634.1011 

37% Formaldehyde Carl Roth 4979.1 

4’,6-diamidino-2-phenylindole Sigma-Aldrich A9542 

Accutase Invitrogen 00-4555-56 

Acrylamide/Bis acrylamide 37.5:1 (30%) Sigma-Aldrich A3699 

Adenosine 5’-triphosphate disodium salt hydrate Sigma-Aldrich A6419 

Ammonium Persulfate Sigma-Aldrich A3678 

Bovine Serum Albumin Carl Roth 8076.4 

Dimethyl sulfoxide Sigma-Aldrich RNBH3501 

Dithiothreitol  Sigma-Aldrich 43815 

Ethanol Merck 1.08543 

Glycerol Carl Roth 3787 

Glycine Sigma-Aldrich G8898 

Hydrochloric acid Merck 1.09063 

Hydrocortisone Pfizer - 

Lipopolysaccharide from E.Coil O26:B6 Sigma-Aldrich L2654 

Methanol Sigma-Aldrich 32212 

N,N,N’,N’-Tetramethylethylenediamine  Bio-Rad 161-800 

Non-fat milk powder Bio-Rad 170-6404 

Phorbal 12-myristate 13-acetate Sigma-Aldrich P1585 

Poly-L-lysine Sigma-Aldrich P4832 

Protein A agarose beads CST 9863 

Protein Ladder Invitrogen 26616 

Sodium Dodecyl Sulfonate Sigma-Aldrich L3771 

Tris Merck 1.08382 

Triton X-100 Sigma-Aldrich T6878 

Tween 20 Sigma-Aldrich P7949 

Vectashield Vector Laboratories H-1000 
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2.1.3 Consumables 

Table 2.3 List of consumables 

Product Company Catalog Number 

0.2 ml Microcentrifuge tube RNase free Sarstedt 72.737 

1.5 ml Microcentrifuge tube Sarstedt 72.706 

1.5 ml Microcentrifuge tube RNase free Sarstedt 72.706.200 

1.8 ml Cryopreservation tube Nunc 363401 

15 ml Centrifuge tube Sarstedt 02.554.002 

50 ml Centrifuge tube Sarstedt 02.559.001 

10 μl pipette tip Eppendorf 0030.000.811 

200 μl pipette tip Eppendorf 0030.000.889 

1000 μl pipette tip Sarstedt 70.3050.020 

20 μl pipette tip RNase free  Sarstedt 70.1114.210 

200 μl pipette tip RNase free  Sarstedt 70.3031.255 

1000 μl pipette tip RNase free  Sarstedt 70.3050.255 

T25 cell culture flask Greiner Bio-One 690175 

T75 cell culture flask Greiner Bio-One 658175 

96-well plate Falcon 351172 

12-well plate Greiner Bio-One 665184 

6-well plate Greiner Bio-One 657164 

5 ml Serological pipette  Sarstedt 86.1253.001 

10 ml Serological pipette Sarstedt 86.1254.001 

25 ml Serological pipette Sarstedt 86.1685.001 

12X75 mm reaction tube Falcon 352053 

0.4μm Nitrocellulose Membrane Bio-rad 162-0145 

Cover slide MARIENFELD 0117580 

Microscope slide Thermofisher J1800AMNZ 
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2.1.4 Commercial test kits 

Table 2.4 List of commercial test kits 

Product Company Catalog Number 

Cytofix/Cytoperm™ Fixation/Permeabilization Kit BD Bioscience 554714 

CytoTox 96® Non-Radioactive Cytotoxicity Assay Promega G1780 

ECL Primer Western Blotting detection reagents GE healthcare RPN2232 

FLICA-YVAD-FMK Immunochemistry 9145 

Human Caspase-1 ELISA Kit Thermo Scientific EH70RB 

Human IL-1β ELISA kit Invitrogen KAC1211 

Maxima™ H Minus cDNA SynthesisMaster Mix Thermo Scientific M1661 

Nucleospin RNA Kit MACHEREY-NAGEL 740955 

Pierce BCA Protein Assay Kit Thermo Scientific 23225 

PowerUP SYBR® Green PCR Master Mix Applied Biosystems A25741 

SuperSignal West Dura Substrate Thermo Scientific 34075 

 

2.1.5 Cell line 

Table 2.5 Cell line 

Product Provider Catalog Number 

THP-1 ATCC TIB-303 

 

2.1.6 Cell Culture Medium  

Table 2.6 Cell Culture Medium 

Product Company Catalog Number 

RPMI-1640 Gibco 21875-034 

RPMI-1640 without Phenolred Gibco 11835-063 

Fetal Bovine Serum PAN biotech P30-8500 

Penicillin-Streptomycin PAN biotech P06-07050 

 

Complete cell culture medium: 445 ml RPMI-1640 + 50 ml FBS (10% v/v) + 5ml 

P/S (1% v/v) 

Pyroptosis induction medium: 470 ml RPMI-1640 without Phenolred + 25 ml FBS 

(10% v/v) + 5ml P/S (1% v/v) 
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2.1.7 Antibodies 

Table 2.7 Antibody list for Western Blot  

Target Company 
Catalog  
number 

Label Clone Origin Dilution 
Dilution 
Buffer 

Primary Antibodies 

ASC/TMS1 CST 13833 - E1E3I Rabbit 1 : 1000 5% BSA 

Caspase-1 CST 3866 - D7F10 Rabbit 1 : 1000 5% BSA 

Caspase-1 
cleaved 

CST 4199 - D57A2 Rabbit 1 : 1000 5% BSA 

GAPDH CST 5174 - D16H11 Rabbit 1 : 10000 5% milk 

Gasdermin D CST 96458 - - Rabbit 1 : 1000 5% BSA 

IL-1β CST 12703 - D3U3E Rabbit 1 : 1000 5% BSA 

IL-1β cleaved CST 83186 - D3A3Z Rabbit 1 : 1000 5% BSA 

NF-κB p65 CST 8242 - D14E12 Rabbit 1 : 1000 5% BSA 

NF-κB p65 
pSer562 

CST 3033 - 93H1 Rabbit 1 : 1000 5% BSA 

NLRP3 CST 15101 - D4D8T Rabbit 1 : 1000 5% BSA 

NLRP3 AdipoGen 
AG-20B-

0014 
- Cryo-2 Mouse 1 : 200 5% BSA 

β-Actin CST 4967 - - Rabbit 1 : 5000 5% BSA 

Secondary Antibodies 

Anti-Rabbit IgG CST 7074 HRP - Goat 1 : 2500 5% BSA 
Anti-Mouse IgG CST 7076 HRP - Horse 1 : 2500 5% BSA 

 

 

Table 2.8 Antibody list for Immunocytochemistry  

Target Company 
Catalog 
number 

Label Clone Origin Dilution 
Dilution 
Buffer 

Primary Antibodies 

ASC/TMS1 CST 13833 - E1E3I Rabbit 1 : 100 2% BSA 

NF-κB p65 CST 8242 - D14E12 Rabbit 1 : 400 2% BSA 

NLRP3 AdipoGen 
AG-20B-

0014 
- Cryo-2 Mouse 1 : 400 2% BSA 

Secondary Antibodies 
Anti-Rabbit 
IgG 

Invitrogen F2765 FITC  Goat 1 :500 2% BSA  

Anti-Mouse 
IgG 

Invitrogen A11030 
Alexa-

Fluor546 
 Goat 1 : 500 2% BSA  
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Table 2.9 Antibody list for Flow cytometry 

Target Company 
Catalog num-

ber 
Label Clone Origin Amount 

Staining 
Buffer 

IL-1β Biolegend 511705 FITC H1B-96 Mouse 0.5 μg/test PBS 

CD11b Miltenyi 130-113-231 APC M1/70 Mouse 0.5 μg/test PBS 

2.1.8 Synthetic nucleotides 

Table 2.10 Sequences of Primers for qPCR  

IL-1β forward primer 5’-TTACAGTGGCAATGAGGATGAC-3’ 

IL-1β reverse primer 5’-GTCGGAGATTCGTAGCTGGAT-3’ 

18S rRNA forward primer 5’-GGACAGGATTGACAGATTGATAG-3’ 

18S rRNA reverse primer 5’-CTCGTTCGTTATCGGAATTAAC-3’ 

 

Lyophilized primers were reconstituted with RNase-free H2O to 100 pmol/μl, then 

diluted 1:20 with RNase-free H2O to make PrimerMix as follows: 

IL-1β PrimerMix 

Forward 10 μl (1 nmol) 
18S rRNA Pri-

merMix 

Forward 10 μl (1 nmol) 

Reverser 10 μl (1 nmol) Reverse 10 μl (1 nmol) 

H2O 180 μl H2O 180 μl 

Total 
200 μl  

(5 μM for each primer) 
Total 

200 μl  

(5 μM for each primer) 

PrimerMixes were stored at -20 °C. 
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2.1.9 Buffers and Solutions 

Table 2.11 Buffers and solutions for cell culture 

Composition Provider Quantity Catalog Number 

PBS 500 ml 

Apotheke, Klinikum der Universität Mün-
chen 

 

APO-ST016 

NaCl 4.0 g 
KCl 0.1 g 

Na2HPO4∙2H2O 0.575 g 
KH2PO4 0.1 g 

H2O To 500 ml 

Cell Freezing Medium 2 ml 
Fetal Bovine Serum PAN biotech 1 ml  

DMSO Sigma-Aldrich 1 ml  

Table 2.12 Buffers and Solutions for Western Blot 

Composition Provider Quantity Catalog Number 
Cell lysis buffer 1 ml    

Cell Lysis Buffer (10 ×) CST 100 μl 9803 
Halt™ Protease and Phosphatase Inhibitor 

Cocktail (100 ×) 
Thermo Scientific 

10 μl cocktail 
10 μl EDTA 

78442 

H2O  880 μl  
Tris 1 M pH 6.8 50ml    

Tris Merck 6.057 g 1.08382 
HCl Merck to pH 6.8 1.09063 

ddH2O - to 50 ml  
Tris 1.5 M pH 8.8 50ml    

Tris Merck 9.067 g 1.08382 
HCl Merck to pH 8.8 1.09063 

ddH2O - to 50 ml  
6× Laemmli Buffer 8 ml    

SDS Sigma-Aldrich 1.2 g L3771 
Bromophenol blue Bio-Rad 6 mg 161-0404 

Glycerol Roth 4.7 ml 3783 
Tris 1M pH 6.8 - 1.2 ml - 

DTT Sigma-Aldrich 0.93 g 43815 
ddH2O - 2.1 ml - 

Blue Loading Buffer 1 ml 
CST 

 

7722 3× Blue Loading Buffer 900 μl 
30× Reducing Agent (1.25 M DTT) 100 μl 

SDS Running Buffer 1000 ml    

Tris Merck 
3.02 g 

(25 mM) 
1.08382 

Glycine Sigma-Aldrich 
14.41 g 

(192 mM) 
G8898 

SDS Sigma-Aldrich 1 g L3771 
HCl Merck to pH 8.3 1.09063 

ddH2O - to 1000 ml  
Transfer Buffer 1000 ml    

Tris Merck 
3.02 g 

(25 mM) 
1.08382 

Glycine Sigma-Aldrich 
14.41 g 

(192 mM) 
G8898 

Methanol Sigma-Aldrich 200 ml 32212 
ddH2O - to 1000 ml  - 

TBS-T 500 ml    
TBS pre-mixed powder Biozym 1 bag 541049 

ddH2O - To 500 ml  
Tween 20 Sigma-Aldrich 500 μl P7949 

5% BSA 100ml    
Bovine Serum albumin Roth 5 g 8076.4 

TBS-T - to 100 ml - 
5% No-fat milk    

No-fat milk powder Bio-Rad 5 g 170-6404 
TBS-T - to 100 ml  

 



 

30 

 

Table 2.13 Preparation of separation gel and stacking gel for SDS-PAGE 

Separation Gel 12% 10% 7.5% 

ddH2O 6.67ml 8ml 9.67ml 

Tris-HCl (1.5M pH8.8) 5ml 5ml 5ml 

Acrylamide/Bis acrylamide (30%) 8ml 6.67ml 5ml 

10% SDS 200µl 200µl 200µl 

10% APS 100µl 100µl 100µl 

TEMED 30µl 30µl 30µl 

Total Volume 20ml 20ml 20ml 

 

 

 

 

 

 

Table 2.14 Buffers and Solutions for Immunocytochemistry 

Composition Provider Quantity Catalog Number 

2% Fixation Buffer 10 ml    
37% Formaldehyde Roth 0.55 ml 4979.1 

PBS 
Apotheke, Klinikum der 

Universität München 
9.45 ml APO-ST016 

0.5% Permeabilization Buffer 10ml    
Triton X-100 Sigma-Aldrich 50 μl T6878 

PBS 
Apotheke, Klinikum der 

Universität München 
10 ml  

PBS-T 500ml    

PBS 
Apotheke, Klinikum der 

Universität München 
500 ml  

Tween 20 Sigma-Aldrich 500 μl P7949 

2% BSA 10ml    
Bovine Serum albumin Roth 2 g 8076.4 

PBS-T  100 ml  

2.1.10 Softwares for analysis 

Table 2.15 Software list 

Product Provider Version 

ImageJ NIH 1.53 
LAS X Leica - 
SPSS IBM 26.0 

SoftMax Molecular Devices 7.0 
GraphPad Prism GraphPad Software 9.01 

CellQuest Pro BD  
InCyte Merck 3.0 

Stacking Gel 5% 

ddH2O 5.502ml 

Tris-HCl (1.0M pH6.8) 1ml 

Acrylamide/Bis acrylamide 
(30%) 

1.33ml 

10% SDS 80µl 

10% APS 80µl 

TEMED 8µl 

Total Volume 8ml 
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2.2 Methods 

2.2.1 Cell Culture  

2.2.1.1 Cultivation 

THP-1 cells were cultivated in suspension in T75 flasks at 37 °C and 5% CO2 in 

a humidified atmosphere. When reaching a density more than 1 × 106 /ml, cells 

were collected, centrifuged (300 x g, 5 min) and resuspended in fresh cell culture 

medium in a density of 5 × 105 /ml. Doubling time for THP-1 cells was approxi-

mately 48 hours. Cells were harvested at density of 1 × 106 /ml for THP-1 mac-

rophage-like cell induction.  

2.2.1.2 Cryoconservation and thawing 

Cells were frozen at a density of 3 × 106 /ml in RPMI-1640 complete cell culture 

medium and an equal volume of cell freezing medium. 1.8 ml cryogenic tubes 

(Nunc) were placed into a Mr. Frosty™ Freezing Container (Thermo Fisher) and 

frozen at -80 °C. After 24 hours at -80 °C, cells were transferred to liquid nitrogen 

vapor phase for long time cryopreservation. 

Frozen cells were thawed in 37 °C water bath and transferred to 10 ml pre-

warmed complete cell culture medium. The cell suspension was centrifuged (300 

× g, 5 min), supernatant was discarded to remove DMSO and cell pellet was re-

suspended in fresh complete cell culture medium at the density of 5 × 105 /ml for 

further cultivation. 

2.2.1.3 THP-1 cells differentiation into macrophage-like cells 

For pyroptosis experiments, THP-1 cells were differentiated into macrophage-like 

cells. For determination of the most efficient condition for differentiation, 0-500 

ng/ml PMA was added to cell suspension at a density of 1 × 106 cells/ml (Table 

2.16), and afterwards cells were seeded into multi-well plates (for 6 well-plate in 

2 ml, for 12 well-plate in 1 ml), and incubated at 37 °C, 5% CO2 for 0-72 hours. 

Then, PMA-containing medium was discarded, cells were washed twice with pre-

warmed PBS and incubated in fresh cell culture medium for 24 hours until pyrop-

tosis induction.  
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Table 2.16 PMA duration and concentration optimization. 

PMA treatment duration (concentration 100 ng/ml) PMA concentration (treatment for 48 hours) 

0h 0 ng/ml 

2h 5 ng/ml 

4h 10 ng/ml 

8h 25 ng/ml 

24h 50 ng/ml 

32h 100 ng/ml 

48h 250 ng/ml 

72h 500 ng/ml 

 

2.2.1.4 Pyroptosis induction and hydrocortisone treatment 

For optimization of pyroptosis induction, THP-1 macrophage-like cells were 

washed twice with pre-warmed PBS and taken up in pyroptosis induction me-

dium, containing LPS (0-100 ng/ml or as indicated) for 1 or 3 hours for cell prim-

ing. Thereafter ATP was added to a final concentration of 0-10mM. After ATP 

treatment for 0.5-3 hours (Table 2.17-2.18), supernatants and cell pellets were 

collected for further analysis. 

For HC treatment, THP-1 macrophage-like cells were incubated with 0-0.4 μg/ml 

HC 24 hours prior to LPS priming (PreLPS). After HC pre-incubation, cell culture 

medium was replaced with fresh medium containing 5 ng/ml LPS and HC (0 - 0.4 

μg/ml) (PostLPS) according to different conditions. Chronic HC included 0.2 or 

0.4 µg/ml Pre- and PostLPS, acute HC comprised 0.1 µg/ml HC PreLPS followed 

by 0.2 or 0.4 μg/ml HC PostLPS. One hour after LPS priming, 5 mM ATP was 

added to induce inflammasome activation. In total, cells were harvested 3.5 hours 

after priming for downstream analysis. 
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Table 2.17 LPS and ATP concentration optimization. 

LPS concentration (ATP 5mM) ATP concentration (LPS 5ng/ml) 

0 ng/ml 0 μM 

5 ng/ml 100 μM 

10 ng/ml 500 μM 

50 ng/ml 1 mM 

100 ng/ml 5 mM 

 10 mM 

Table 2.18 LPS and ATP treatment duration optimization. 

LPS duration (ATP 5mM) ATP concentration (LPS 5ng/ml) 

1 h 0.5 h 

3 h 1 h 

 1.5 h 

 2 h 

 2.5h 

 3 h 

2.2.2 Cytotoxicitiy measurements by Lactate Dehydrogenase assay 

After pyroptosis induction with/without acute or chronic HC exposure, cell culture 

supernatants were collected and centrifuged (500 × g, 5 min) to remove debris. 

50 μl clear supernatant was transferred into a 96-well plate. LDH release was 

measured by CytoTox 96® Non-Radioactive Cytotoxicity Assay. For this, 50 μl 

assay buffer were added into each well and the plate was incubated in the dark 

at room temperature for 30 min. LDH, which is released from damaged cells oxi-

dizes lactate and provides NADH. In presence of diaphorase, NADH converses 

iodonitrotetrazolium violet (INT) into red formazan. The intensity of red color re-

flects the amount of released LDH released. The reaction was stopped by adding 

50 μl stop solution into the wells. Optical Density (O.D.) at 490 nm was measured 

by a microplate reader. 
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2.2.3 Protein-chemical methods  

2.2.3.1 Interleukin-1β and Caspase-1 quantification by Enzyme-Linked 

Immunosorbent Assay (ELISA) 

Human IL-1β or caspase-1 concentrations in cell culture supernatants were 

measured by Human IL-1β ELISA kit or Human Caspase-1 sandwich ELISA Kit, 

respectively. Cell culture supernatant was transfered into capture antibody pre-

coated wells and incubated according to manufacturers instructions. After incu-

bation, wells were washed to remove unbound antigen. Biotinylated detection 

antibody was then added and incubated according to manufacturers instructions. 

Wells were washed again to remove unbound detection antibody. Streptavidin-

Horseradish peroxidase (HRP) solution was added and incubated according to 

manufacturers instructions. Finally, protein detection was performed with the 

HRP substrate 3,3’,5,5’-Tetramethylbenzidine (TMB) and terminated by stop so-

lution. Optical Density (O.D.) was read by microplate reader at 450nm. Standard 

curve was fitted by 4-parameter algorithm by SoftMax Pro 7.0.  

2.2.3.2 Protein extraction for Western Blot and Co-immunoprecipitation 

Cells were harvested and centrifuged together with respective supernatants to 

obtain also detached or dying cells. After washing with cold PBS, cells were re-

suspended in cell lysis buffer adjusted to the cell number (100 µL buffer for 1x106 

cells) and incubated on ice for 20 min. Cell lysates were sonicated (3 seconds at 

50% power, output 3) and centrifuged (14,000 × g, 10 min, 4 °C). Protein-con-

taining supernatants were collected for protein quantification and subsequently 

processed for further analysis. 

2.2.3.3 Protein quantification 

Protein amount in the cell lysate was determined by Pierce BCA Protein Assay 

Kit in accordance with the manufacturers protocol. O.D. was read by a microplate 

reader at 562 nm. Standard curve was linear fitted by SoftMax Pro 7.0. Protein 

lysate was then diluted to 1.0 μg/μl with cell lysis buffer. 



 

35 

 

2.2.3.4 Co-Immuno-precipitation (Co-IP) 

1 μl mouse anti-NLRP3 antibody was added to 200 μg cell lysate and incubated 

on the tube roller at 4 °C overnight. The next day, 20 μl protein A agarose beads 

were added into the tube and incubated for further 4 hours for the conjugation of 

protein A and antibody. Protein-antibody-beads complex were washed five times 

with cell lysis buffer, and then resuspended with 20 μl of 3 × Blue loading buffer 

and heated at 95 °C for 5 min for protein denaturation. Samples were spinned 

down and stored at -80 °C. 

2.2.3.5 Preparation of protein extracts for SDS-PAGE 

Protein samples were mixed with 6 × Laemmli Buffer.  To enable access of anti-

body to the epitope proteins were denaturated at 95 °C for 5 min. Samples were 

spinned down and stored at -80 °C. 

2.2.3.6 Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-

PAGE) 

SDS-Gels were installed into Mini-PROTEAN Tetra Vertical Electrophoresis Cell, 

and filled with SDS-PAGE Running Buffer. Combs were carefully removed, 20 μl 

(20 μg) of sample was loaded into wells, 10 μl of protein ladder was loaded as 

molecular weight standard. In empty wells 20 μl of 1 × loading buffer was loaded 

to avoid shifting of the band. 

Electrophoresis program was set at 80 V for 5 min followed by 100 V for 70 min 

until bromophenol blue ran to the bottom of the gel. 

2.2.3.7 Western Blot -Transfer on Nitrocellulose membranes 

After SDS-PAGE, gel was carefully removed from glass plates and soaked in 

transfer buffer to wash away residual running buffer. The Transfer Sandwich was 

prepared in the transfer buffer as follows: sponge, 2x Whatman paper, NC-mem-

brane, SDS-gel, 2x Whatman paper, sponge. Blotting time in transfer buffer was 

90 min at constant 80 V under continuous cooling.  
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2.2.3.8 Antibody incubation and protein detection on nitrocellulose 

membranes 

After western blotting, membranes were washed with TBS-T and blocked with 5 

% non-fat dry milk for one hour at room temperture under gentle shaking. After 

blocking, membranes were incubated with primary antibodies with dilutions as 

listed in Table 2.7 at 4 °C overnight. Then, membranes were washed three times 

with TBS-T and incubated with secondary antibodies for one hour at room tem-

perature. After incubation, membranes were washed three times with TBS-T and 

proteins were visualized with the detection reagent SuperSignal West Dura Sub-

strate on X-ray films.  

X-ray films with bands were scanned and analyzed by ImageJ software, gray-

scale value of band was measured and normalized to β-actin or GAPDH.  

2.2.4 Immunocytochemical staining 

2.2.4.1 Preparation of cells on cover slide 

Autocleaved 18 mm diameter coverslips were inserted into a 12-well plate and 

covered with 300 μl poly-L-lysine (37 °C, 1 hour) to prevent cell detachment after 

pyroptosis induction. Subsequently, excess poly-L-lysine was removed and co-

verslips were dried under the clean bench. Afterwards, 1x106 cells were seeded 

in 1 ml cell culture medium and differentiation and pyroptosis was induced as 

indicated in 2.2.1. 

2.2.4.2 Antibody staining 

Cells were washed three times with pre-warmed PBS and fixed with 2 % fixation 

buffer for 10 min. Then cells were washed twice with PBS-T and permeabilized 

with 0.5 % Triton X-100/PBS for 10 min. After three times stepwise washing with 

PBS-T, cells were blocked with 1 ml 2 % BSA/PBS-T for 10 min.  

Incubation with primary antibodies was performed for one hour in dilutions as 

indicated in Table 2.8. Afterwards, coverslips were washed three times with PBS-

T and incubated for one hour with the respective fluorophore-conjugated second-

ary antibodies. For both antibody incubation steps it is essential to keep the co-

verslips in a humid dark incubation chamber to avoid fading and drying out. 
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After antibody incubation, cells were washed three times with PBS-T and post-

fixated for 10 min with 2 % fixation buffer in the dark and DNA was counterstained 

for 10 min with DAPI (20 µg/ml). After a last washing step with ddH2O, cells on 

coverslips were mounted with one drop of Vectashield mounting medium on the 

microscope slides and then edges were sealed with nail polish. 

All steps were performed at room temperature. 

2.2.4.3 Confocal Microscopy and data analysis 

For detection of the antigens that were stained with fluorochrome-conjugated an-

tibodies, slides were analyzed by Laser Scanning Confocal Microscope with a 

63X objective and oil immersion. For excitation of DAPI, 405 nm laser was used, 

for FITC, the 488 nm laser, and for AlexaFluor 546 the 561 nm lasers were used. 

Filters for DAPI, FITC and TRITC were selected to receive signal. Images were 

acquired with LAS X software and analyzed with ImageJ software (developed at 

the National Institutes of Health and not subject to copyright protection). 

2.2.5 Flow cytometry 

2.2.5.1 Staining of cell surface CD11b 

THP-1 macrophage-like cells were detached with accutase and washed with 

PBS. For CD11b staining, 100,000 cells/well were transferred into a 96-well plate 

and incubated with 5 μl APC-anti-human-CD11b antibody (20 min, room temper-

ature, in the dark). Afterwards, cells were washed twice with PBS and resus-

pended in 200 μl PBS for measurement. Percentage of CD11b positive cells was 

measured by Guava 8HT flow cytometer (red laser) and analysed by InCyte Soft-

ware. 

2.2.5.2 Intracellular Interleukin-1β staining  

THP-1 macrophage-like cells were detached with accutase and washed with pre-

warmed PBS. Intracellular staining was performed with BD Cytofix/Cytoperm™ 

Fixation/Permeabilization Kit according to manufacturers instructions. Briefly, 

cells were resuspended in 250 μl Fixation/Permeabilization solution and incu-

bated at 4 °C for 20 min. Subsequently cells were washed twice with 1 ml 1× BD 

Perm/Wash™ buffer and then resuspended in 50 μl of the same buffer. 5 μl (0.5 
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μg) FITC-anti-human-IL-1β antibody was added and incubated for 30 min at 4 °C 

in the dark. After an additional washing step with 1× BD Perm/Wash™ buffer, 

cells were resuspended in 300 μl PBS. The mean fluorescence index (MFI) of 

intracellular IL-1β was measured by FASCan flow cytometer (blue laser, FL-1 

channel) and analyzed by BD CellQuest Pro. 

2.2.5.3 Staining of pyroptotic cells with caspase-1 tracker and propidium 

iodide  

After pyroptosis induction, THP-1 macropahges were washed three times with 

pre-warmed PBS and incubated in 300 μl PBS containing 1 × caspase-1 tracker 

FLICA-YVAD-FMK for one hour at 37 °C with swirling cells every 20 min. Subse-

quently, cells were washed twice with 2 ml 1X Cellular Wash Buffer and stained 

with 0.5 % (v/v) Propidium Iodide (PI)/PBS (500 µl) for 5 min in the dark at room 

temperature to detect cells with broken membrane/dead cells. After two washing 

steps with PBS and cell detachment with accutase, cells were resuspended with 

300 μl PBS and percentage of pyroptotic cells was assessed by FASCan flow 

cytometer (blue laser). FAM-FLICA was detected by FL-1 and PI was detected 

by FL-3. FAM-FLICA+ PI+ cells were regarded as pyroptotic cells. 

2.2.6 Quantitative Reverse Transcription Polymerase Chain Reaction 

(qRT-PCR) for detection of IL-1β mRNA 

2.2.6.1 RNA extraction and quantification 

1x106 cells were harvested and washed with PBS. Cellular RNA was isolated us-

ing Nucleospin RNA Kit. Cell pellets were lysed in 350 μl RA1 buffer supple-

mented with 1% β-mercaptoethanol, then added in the filtration column for cen-

trifugation at 11,000 g for 1 min. Flowthrough was collected and mixed with 350 

μl 70 % ethanol. RNA was bound on a column by centrifugation at 11,000 g for 

30 seconds. After RNA binding, column was desalted with MDB buffer, followed 

by DNA digestion with rDNase for 15 min. After this step, the column was washed 

to inactivate DNase and purify RNA which was finally eluted with 60 μl RNase-

free water by centrifugation at 11,000 g for 1 min.        
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RNA concentration was determined by Nanodrop One. The ratio of the absorb-

ance at 260/280 nm (A260/A280) and 260/230nm (A260/A230) was measured to 

determine the RNA purity. Good RNA quality had A260/A280 and A260/230 ratio 

of ~2.0. RNA samples were diluted to 62.5 ng/μl with RNase-free H2O. Samples 

were stored at -80 °C. 

2.2.6.2 Reverse Transcription to obtain cDNA 

16 μl sample containing 1 μg RNA or water (as non-template control) was trans-

ferred into a 0.2 ml PCR tube, and heated to 65 °C for 15 min to deactivate 

DNase. Then, 4 μl Maxima™ H Minus cDNA SynthesisMaster Mix was added to 

sample and gently mixed. cDNA synthesis was performed by GeneAmp 2700 

thermocycler and program was set as: 

25 °C 10 min → 50 °C 30 min → 85 °C 5 min 

After cooling down to 4 °C, cDNA was filled up to 100 μL with RNase-free H2O. 

 

2.2.6.3 Quantitative Polymerase Chain Reaction (qPCR) 

The mastermix for qPCR was prepared as follows: 

Table 2.19 Preparation of mastermix for qPCR 

RNase-free H2O 2 μl 

PrimerMix (as indicated in 2.1.2) 1 μl 

PowerUP SYBR® Green PCR Master Mix  5 μl 

Total 8 μl 

For each sample, 2 μl cDNA or non-template control and 8 μl of mastermix were 

pipetted into each well of a 96-well PCR plate. Measurement was performed by 

StepOne Plus Real-Time PCR Systems. Program was set as: 
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Table 2.20 Program of qPCR  

Before Cycle 

UDG activation 50°C 2 minutes 

Hold 

Dual-Lock™ DNA polymerase 95°C 2 minutes 

Cycle 

Denature 95°C 15 seconds 

40 cycles 

Anneal/extend 62°C (IL-1β) or 64°C (18S rRNA) 1 minute 

Melting curve 

 95°C 15 seconds 

Hold 

60°C 1 minute 

+ 0.3 °C / second 

95°C 15 seconds 

Data was analyzed with ΔΔCT (cycle threshold) method, and normalized to en-

dogenous reference gene 18S rRNA. 

2.3 Statistical Analysis 

Statistical analysis was performed using SPSS Statistic 26 (IBM) and Graphpad 

Prism 9.0.1 (Prism). Data that was normal distributed was shown as mean ± 

standard deviation (SD), and tested by one-way analysis of variance (ANOVA) 

with Dunnett's multiple comparison post hoc test. Differences with P < 0.05 were 

considered statistically significant. Every experiment was performed at least three 

times or as indicated. 
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3. Results 

3.1 Differentiation of THP-1 monocytes into macrophage-like cells 

THP-1 cells, one of the most used monocytic cell line for inflammasome and 

pyroptopsis research, were treated with Phorbol-12-myristat-13-acetat (PMA), a 

Protein Kinase C activator, to induce differentiation from monocytes to 

macrophage-like cells (Daigneault, Preston, Marriott, Whyte, & Dockrell, 2010).  

To determine the best condition for macrophage differentiation, THP-1 cells were 

treated as indicated in Table 2.16 for optimization. Adherent cells and suspension 

cells were collected and counted. Numbers of adherent cells increased by PMA 

in a time- and dose-dependent manner in 0 - 48 hours and 0 - 100 ng/ml, while 

numbers of cells in suspension decreased (Fig. 3.1 A and B). However cells 

treated with PMA for more than 48 hours or with concentrations higher than 100 

ng/ml led to no more increase of adhesion.  

 

Figure 3.1 Optimization of PMA 

treatment for macrophage 

differentiation.  

Adherent or suspension cell counts of 

PMA–treated THP-1 cells for 0-72 

hours with 100 ng/ml PMA (A) and 

with 0 - 500 ng/ml for 48 hours (B). 

Supernant of PMA-treated cells were 

collected to obtain suspended cells, 

and adherent cells were collected by 

accutase detachment. N=3, *P < 0.05, 

**P < 0.01, ***P < 0.005, ****P < 0.001 

comparing to suspended cell with 

PMA 48 hours (A) or 100 ng/ml (B), 

$ P < 0.05, $$ P < 0.01, $$$ P < 0.005, 

$$$$ P < 0. comparing to suspended 

cell with PMA 48 hours (A) or 100 

ng/ml (B), respectively. 
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Before PMA treatment, THP-1 cells were suspended and round and after 

treatment, cells became adherent and multi-shaped, indicating a successful 

differentiation into macrophage-like cells. Microscopic assessment verified cell 

count results. The morphology of cells which were treated with 100 ng/ml PMA 

for 48 hours showed clear attachment in contrast to THP-1 monocytes, which 

were incubated with different PMA concentrations or other periods of time (Fig. 

3.2).  

 

Figure 3.2 Morphology of PMA–treated THP-1 cells.  

Microscope view of THP-1 cell morphology after 0 - 72 hours treatment with 100 ng/ml 

PMA (A) and 48 hours treatment with 0 - 500 ng/ml PMA (B).  

 

To further prove the differentiation of THP-1 monocytic cells into a macrophage-

like cell line, cells were stained for the macrophage maturation marker CD11b, 

which is expressed highly on macrophages, but only low on monocytes. Again, 
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the incubation with 100 ng/ml PMA for 48 hours induced an adequate expression 

of CD11b on the cell surface. Concentration higher than 100 ng/ml PMA did not 

further increase CD11b expression (Fig. 3.3). 

 

 

Figure 3.3 Cell surface CD11b expression on THP-1 cells after PMA treatment. 

CD11b expression on the cell surface of untreated THP-1 cells (A) and PMA–treated 

THP-1 cells after 48 hours incubation with 100 ng/ml PMA (B) and within treatment  

concentration (C) and duration (D) optimization. N=3, *P < 0.05, **P < 0.01, ***P < 0.005, 

****P < 0.001 comparing to 100 ng/ml PMA for 48 hours, $ P < 0.05, $$ P < 0.01, $$$ P 

< 0.005, $$$$ P < 0.001 comparing to 48 hours of 100 ng/ml PMA treatment.  

 

Altogether, these results confirm a 48 hours treatment with 100 ng/ml PMA to be 

the most efficient treatment conditions to induce differentiation from THP-1 

monocytic cells into macrophage like cells. With this treatment pattern, cells were 

prepared for all subsequent experiments within these investigations.  
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3.2 Pyroptosis induction in THP-1 macrophage-like cells 

Treatment with LPS and ATP is the most commonly used protocol for inducing 

pyroptosis in macrophages under experimental conditions. LPS is capable to 

prime the pyroptosis response of cells, ATP represents the ‘second signal’ to trig-

ger inflammasome assembly and to activate caspase-1. In order to optimize con-

ditions for pyroptosis induction in this experimental setting, LPS and ATP con-

centrations and treatment durations were titrated as shown in Table 2.17 and 

Table 2.18 and LDH assay was used as read-out.  

Priming with 5 ng/ml LPS for 1 hour and subsequent 2.5 hours 5 mM ATP treat-

ment was elaborated to induce LDH release of approx. 45 % compared to the 

high control (whole lysis of untreated THP-1 macrophage-like cells by 1 % Triton 

X-100) (Fig. 3.4 A, B). Higher LPS (Fig. 3.4 A) or ATP (Fig. 3.4 B) concentrations 

rather resulted in unspecific lysis, as determined in preparatory experiments (not 

shown). To define the most suitable treatment sequence to induce pyroptosis 

without strong time-dependent unspecific cytotoxicity, different consecutive se-

quences of LPS and ATP were tested (Table 2.18). Treatment for 1 hour with 

LPS (5 ng/ml) priming followed by 2.5 hours additional ATP (5 mM) treatment 

was the shortest duration to induce significant additive cytotoxicity (Fig. 3.4 C). 

LPS priming for 3 hours induced strong cell lysis regardless of ATP co-treatment 

(Fig. 3.4 D). Microscopic assessment confirmed pyroptosis induction in THP-1 

macrophage-like cells. After LPS/ATP treatment, cells were swollen and de-

tached (Fig. 3.5).  

As a consequence of pyroptosis, IL-1β is expressed and released in the extracel-

lular space. To demonstrate IL-1β production and release with the different time 

patterns of treatment, cell pellets and cell culture supernatants were collected for 

intracellular IL-1β flow cytometry staining and IL-1β ELISA, respectively.  

Cells were primed with 5 ng/ml LPS for 1 hour, and incubated with or without 5 

mM ATP for additional 1 – 3 hours (see Table 2.18). Flow cytometric analysis 

showed that LPS alone induced a time-dependet increase of (Pro-)IL-1β expres-

sion. Maturation and release did not happen without additional ATP. After co-

treatment with ATP for 2.5 hours, intracellular IL-1β was significantly reduced 

compared to single LPS treatment, indicating maturation and release of IL-1β by 

ATP (Fig. 3.6 A), which could be confirmed by ELISA. As shown in Fig. 3.6 B, 
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LPS for 1 hour and additional ATP for 2.5 hours resulted in a significant increase 

of extracellular IL-1β concentration compared to LPS only treatment. Altogether, 

data from intracellular and extracellular IL-1β have clearly shown that this pyrop-

tosis-specific cytokine was expressed and released after 5 ng/ml LPS priming for 

1 hour and additional 5 mM ATP treatment for 2.5 hours. Based on the obtained 

results, these conditions were considered as appropriate to induce pyroptosis 

and to be used for the following experiments testing the effects of HC on pyropto-

sis. 

 

Figure 3.4 Extent of LDH release for optimization of pyroptosis induction by LPS 

and ATP.  

LDH release after LPS/ATP co-treatment of THP-1 macrophage-like cells with different 

LPS priming concentrations but constant 5 mM ATP (A), different ATP co-treatment con-

centrations but constant 5 ng/ml LPS (B), LPS priming (5 ng/ml) for 1 hour with different 

durations of ATP (5 nM) co-treatment (C), LPS priming (5 ng/ml) for 3 hours with different 

ATP (5nM) co-treatment durations (D). LDH release showed extent of cell lysis (% of 

whole cell lysate/high control); N=3, *P < 0.05, **P < 0.01, ***P < 0.005, ****P < 0.001. 
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Figure 3.5 Morphology of THP-1 macrophage-like cells before and after pyrotosis 

induction.  

Representative picture of microscopic assessment of morphology of untreated control 

cells and cells after pyroptosis induction with 1 hour LPS (5 ng/ml) and 2.5 hours ATP (5 

nM), arrows show swollen or lysed cells, scale bar 200 μm.  

 

 

Figure 3.6 Intracellular and extracellular IL-1β concentration after optimized LPS 

and different ATP treatment conditions.  

Expression of intracellular IL-1β (MFI) by flow cytometry (A) and of extracellular IL-1β 

concentration by ELISA (B) after pyroptosis induction with LPS (5 ng/ml) and ATP (5 

mM) at different treatment time patterns. N=3; *P < 0.05. 
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3.3 Effects of hydrocortisone on pyroptosis induction and cell 

death 

To investigate the effects of HC in different concentrations on pyroptosis, different 

treatment regimens were applied (Fig. 3.7). An „acute exposure“ approach re-

flected a sudden increase in HC concentration, as it is the case for drug admin-

istration at the onset of infection. The „chronic exposure“ mimicked a physiologi-

cal state with continuously high HC concentrations such as in very stressed pa-

tients or under continuous HC therapy. A „physiological control“ was set to simu-

late a physiological HC concentration in human blood (Feuerecker et al., 2013), 

and a „blank control“ was additionally set as a normal cell culture condition. 

 

Figure 3.7 Time scheme of hydrocortisone treatment. 

For analysis of cell lysis due to treatments, cell culture supernatants were collected for 

LDH release measurements.  

 

Compared to blank control with no HC, the physiological control with 0.1 µg/ml 

HC displayed a reduction of LPS/ATP induced LDH release, which indicated a 

protective effect of HC regarding cell death, even at low concentrations. Under 

acute exposure, LDH release was not affected by increasing HC concentrations 

(Fig. 3.8 A). However, under chronic HC exposure, LDH release was further de-

creased (Fig. 3.8 B), indicating that high HC concentrations before pyroptosis 
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induction protect cells from lysis, wherease acute application of high HC, when 

pyroptosis is initiated has no protective effects. 

 

Figure 3.8 LPS/ATP induced LDH release under acute or chronic HC exposure. 

Upon pyroptosis induction with LPS (5 ng/ml) and ATP (5 mM), THP-1 macrophage-like 

cells were either treated with increasing HC concentrations from 0.1 µg/ml to 0.2 µg/ml 

or 0.4 µg/ml (A, acute exposure) or treated constantly with HC (0.1, 0.2, 0.4 µg/ml) 24 

hours prior to pyroptosis induction and afterwards (B, chronic exposure). N=5, *P < 0.05, 

**P < 0.001, ***P < 0.005, ****P < 0.001. 

 

Since pyroptosis is defined as caspase-1 dependent cell death, caspase-1 and 

PI positive cells were measured by flow cytometry after HC treatment.  

Pyroptosis was induced in approximately 30 % of the blank control cells and the 

percentage was significantly reduced in the physiological control. Acute exposure 

to high HC concentrations showed no reduction compared to blank control and 

even increased values compared to the physiological control (Fig. 3.9 A). Under 

chronic HC exposure, caspase-1/PI double-positive cells decreased significantly 

compared to blank control and physiological control in a dose-dependent manner 

(Fig. 3.9 B). This suggests that the application of high HC at the onset of pyrop-

tosis abolishes the protective effect of 0.1 µg/ml HC regarding macrophage cell 

death, whereas chronically elevated HC concentrations further reduce cell death.  

Proportion of PI positive cells which indicated death cells show similar results as 

LDH release. Cell death was reduced in physiological control compared to blank 

control, but increased HC under acute exposure did not further protect cell from 
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death (Fig. 3.9 C); under chronic exposure, however, the protective effect was 

dose-dependently increased (Fig. 3.9 D). 

 

Figure 3.9 Pyroptosis detection by caspase-1/PI double staining.  

Staining of active caspase-1/PI+ THP-1 macrophage-like cells after pyroptosis induction 

with LPS (5 ng/ml) and ATP (5 mM) under acute HC exposure (A) or chronic HC expo-

sure (B), and PI+ under acute HC exposure (C) or chronic HC exposure (D) Displayed 

are mean values +STD of the percentage of double-positive caspase-1/PI or single PI-

positive cells among measured cells.  N=3, * P < 0.05, ** P < 0.001, *** P < 0.005, ****P< 

0.001. 
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3.4 Underlying mechanism of pyroptosis protection by 

hydrocortisone and outcomes in different treatment 

patterns 

3.4.1 Effect of different HC exposures on the NF-κB signaling pathway 

The NF-κB signaling pathway plays an important role on immune response 

against pathogen infection. Its activation induces the expression of pro-inflamma-

tory cytokines, such as of IL-1β (Zhang et al., 2016). To investigate the effects of 

acute and chronic HC exposure on NF-κB signaling pathway activation in pyrop-

tosis, the phosphorylation of the NF-κB subunit p65 and its and nuclear translo-

cation was assessed. 

Phosphorylation of the p65 subunit was determined by western blot. As shown in 

Fig. 3.10, acute HC exposure had no alleviating effect on p65 phosphorylation. 

However, chronic exposure of HC dose dependently suppressed p65 phosphor-

ylation, indicating reduced activation of NF-κB signaling pathway (Fig. 3.10).  

 

Figure 3.10 Effect of acute or chronic HC exposure on NF-κB p65 phosphorylation. 

Representative western blot of phosphorylated- and total-NF-κB p65 and of housekeep-

ing GAPDH (A) and semiquantitative analysis of phospho/total p65 ratio (B). The ratio 

between phospho and total p65 represents the amount of cleaved protein. Pyroptosis 

was induced by LPS (5 ng/ml) and ATP (5 mM) under acute or chronic HC exposure. 

N=3, *P < 0.05, **P < 0.001, ***P < 0.005, ****P < 0.001.  
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In addition to NF-κB p65 phosphorylation, its nuclear translocation was analysed 

by immunocytochemical staining. Laser scanning microscopy showed that under 

acute HC exposure nuclear translocation of NF-κB p65 subunit was not affected 

(Fig. 3.11 A⑤⑦ & B) compared to both controls (Fig. 3.11 A③④ & B), which 

corresponds to the maintained p65 phosphorylation in western blot. Under 

chronic HC exposure, translocation of p65 was dose-dependently decreased 

(Fig. 3.11 A ⑥⑧ & B).  

Both results of phosphorylation and translocation of NF-κB p65 indicate that high-

dose HC inhibits NF-κB signaling activation only under chronic exposure and not 

under short-term acute exposure. 
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Figure 3.11 Effect of acute or chronic HC exposure on NF-κB p65 translocation. 

Representative immunocytochemical staining of NF-κB p65 nuclear translocation (A) 

and statistical analysis (B). Red: NF-κB p65, green: nuclear DNA staining; 100 cells from 

three different views were counted with NF-κB p65 and nuclear DNA overlay (yellow) 

considered as cells with translocation. N=3, *P < 0.05, **P < 0.01, ***P < 0.005, ****P < 

0.001.  
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3.4.2 Modulation of pyroptosis-associated proteins by different 

hydrocortisone exposure patterns  

3.4.2.1 The role of HC exposure patterns on the key cytokine IL-1β  

The production of IL-1β relies on the priming phase (step 1) and maturation and 

release within the execution phase (step 3). To explore the effects of different 

HC-exposure patterns on IL-1β expression, mRNA levels were determined by 

qRT-PCR, intracellular pro-IL-1β and cleaved IL-1β was quantified by western 

blot and flow cytometry and release of mature IL-1β was measured by ELISA in 

cell culture supernatants. 

qRT-PCR revealed that IL-1β mRNA transcription was independent of HC treat-

ment, irrespective of the dosage (Fig 3.12), similar observations were made by 

intracellular pro-IL-1β staining (Fig. 3.13).  

 

Figure 3.12 IL-1β mRNA levels after acute and chronic HC exposure. 

mRNA levels of IL-1β under acute (A) or chronic (B) HC exposure. Bars represent fold 

change to untreated controls, N=3. 

 

Figure 3.13 Abundance of intracellular IL-1β after acute and chronic HC exposure. 

Flow cytometric measurement of intracelluar IL-1β under acute (A) or chronic (B) HC 

exposure. Bars represent fold change in MFI to untreated control, N=3. 
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To further clarify the HC effect on pro-IL-1β and mature IL-1β, western blots were 

performed and extent of protein cleavage was assessed by cleaved/Pro-IL-1β 

ratio. Under acute HC exposure the ratio was strongly decreased (Fig. 3.14 B) 

with weak mature IL-1β signal (Fig. 3.14 A), suggesting that the majority of ma-

ture IL-1β was released. Together with maintained cell lysis (Fig. 3.8), this further 

indicates that acute HC exerts no protective effect regarding IL-1β release and 

pyroptosis.  

After chronic HC exposure, the ratio between cleaved and pro-form IL-1β was 

also dose-dependently decreased but still with a strong signal of mature IL-1β 

(Fig. 3.14). This observation fostered the assumption, that under chronic HC ex-

posure, cells are protected from lysis (Fig. 3.8) and so, IL-1β remains in the cells. 

 

Figure 3.14 IL-1β cleavage after acute and chronic HC exposure.  

Representative western blot (A) of IL-1β, cleaved (mature) IL-1β and β-actin as 

a housekeeping protein under acute or chronic HC exposure and semiquantita-

tive analysis (B). Ratio between cleaved and Pro-IL-1β represent amount of 

cleaved protein. N=3 *P < 0.05, **P < 0.001, ***P < 0.005, ****P < 0.001.  

 

Release of mature IL-1β is the most important step of pyroptosis, as this cytokine 

activates nearby immune cells. ELISA measurements revealed that under acute 

HC exposure IL-1β concentrations dose-dependently increased, reaching almost 

blank control values at 0.4 µg/ml (Fig. 3.15 A). Upon chronic HC exposure IL-1β 

concentrations decreased in a dose-dependent manner (Fig. 3.15 B), indicating 

suppression of IL-1β release by anti-inflammatory effects of HC on macrophages.  
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Figure 3.15 Effect of acute and chronic HC exposure on IL-1β release.  

IL-1β ELISA of cell culture supernatant under acute (A) or chronic (B) HC exposure. Bar 

charts show fold change of IL-1β concentrations (pg/ml) compared to blank control (LPS 

& ATP +). N=3 * P < 0.05, ** P < 0.001, *** P < 0.005, ****P < 0.001.  

 

In summary, HC chronic exposure dose-dependently protected macrophages 

from pyroptosis and limited IL-1β maturation and release. Acute exposure didn´t 

result in lysis protection and promoted IL-1β release instead.  

 

3.4.2.2 Impact of HC on inflammasome forming proteins 

The inflammasome is the central component to activate pyroptotic cell death. In 

LPS/ATP induced pyroptosis, NLRP3, ASC and caspase-1 assemble to the 

NLRP3 inflammasome. Gasdermin D is, same as IL-1β, a protein which is 

cleaved by the NLRP3 inflammasome. Upon proteolytic activation, it aggregates 

with other cleaved gasdermin D proteins, which leads to pore formation on the 

cell membrane and ultimately to cell lysis. Western blot analysis of NLRP3, 

gasdermin D (Gasdermin D-NT) and caspase-1 showed, that under acute HC 

exposure, NLRP3, gasdermin D-NT and cleaved-caspase-1 protein expression 

was not affected (Fig. 3.16 A-D). With chronic HC however, expression of NLRP3 

as well as of gasdermin D-NT and cleaved-caspase-1 were dose dependently 

decreased (Fig. 3.16 A-D).  
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Figure 3.16 Western blot on impact of acute or chronic HC on inflammasome 

forming proteins and gasdermin D cleavage.  

Representataive western blot of inflammasome forming proteins (A) and semiquantita-

tive fold expression change of NLRP3 expression (B), cleaved-/Pro-gasdermin D ratio 

(C) and cleaved-/Pro-caspase-1 ratio (D). N=3, *P < 0.05, **P < 0.001, ***P < 0.005, 

****P < 0.001. 

Similar to extracellular IL-1β levels, caspase-1 concentration in cell culture su-

pernatants was dose-dependently decreased under chronic HC exposure (Fig. 

3.17 B). In the acute exposure approach, the inhibitory effect of the physiological 

control was abolished (Fig. 3.17 A).  
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Figure 3.17 Effect of acute or chronic HC exposure on extracellular 

caspase-1 concentration.  

Caspase-1 concentration in cell culture supernatants measured by ELISA under acute 

(A) or chronic (B) HC exposure. Bar graphs represent fold change to blank control. N=5, 

* P < 0.05, ** P < 0.001, *** P < 0.005, ****P < 0.001. 

 

3.4.2.3 Impact of HC on inflammasome assembly 

With the presence of an execution signal such as ATP, inflammasome starts to 

assemble and then activates caspase-1 for cleavage of pyroptosis-related pro-

teins. To investigate inflammasome assembly under different HC treatment regi-

mens, Co-immunoprecipitation (Co-IP) of NLRP3 and ASC was performed. Un-

der acute HC exposure, the ASC signal was unchanged high as in the physiolog-

ical control (Fig 3.18 A IP lane 2, 3, 4 and B). However, within chronic HC expo-

sure, less ASC was co-precipitated with NLRP3 (Fig 3.18 A IP lane 2, 5, 6 and 

B). Immunocytochemistry staining showed similarly, that in comparison to the 

phsiological control, acute HC exposure did not change the extent of inflam-

masome formation (Figure 3.18 C ②③⑤), however, chronic HC exposure de-

creased inflammasome formation (Figure 3.18 C ②④⑥). 

Altogether, results derived from these investigations indicate that a chronic high-

dose HC exposure inhibited pyroptosis, whereas an acute HC exposure pro-

moted pyroptosis via maintaining and fostering inflammasome assembly. 
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Figure 3.18 Effect of HC acute or chronic exposure on inflammasome assembly 

after LPS/ATP induced pyroptosis.  

Representative co-immunoprecipitation blot (A) of NLRP3 and ASC and semiquantitative 

analysis of precipitated-ASC signal expressed as fold change to values of physilogical 

control (B). Representative immunocytochemistry staining (C) of NLRP3 (red) and ASC 

(green), arrow shows colocalization of NLRP3 and ASC, which are regarded as inflam-

masome (yellow). N=3, * P < 0.05, ** P < 0.001, ****P < 0.001, scale bar 10 μm.  
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4. Discussion  

Cortisol is one of the most important stress hormones and its synthetically pro-

duced analog, which is used as a drug against inflammation, it´s termed hydro-

cortisone (HC). Recent studies demonstrated that HC has both anti- and pro-

inflammatory effects (Dhabhar, 2002; Kadmiel & Cidlowski, 2013). In the present 

in vitro study, the impact of HC in different concentrations and treatment regimens 

was tested on LPS/ATP induced pyroptosis of THP-1 macrophage-like cells. By 

this, insights into the therapeutical potential of HC on macrophages were gath-

ered in dependence of either acute administration or chronically high levels.  

It was observed that an acute or chronic HC exposure affects pyroptosis very 

differently: acute HC exposure, where increase in HC concentration occured con-

comitantly with pyroptosis induction, did not inhibit pyroptosis and even abolished 

alleviating effects of 0.1 µg/ml HC pre-exposure. Moreover, inflammasome as-

sembly and release of IL-1β in the extracellular space was promoted compared 

to the physiological control, while macrophages didn´t show enhanced cell mem-

brane rupture and cell lysis, which may suggest a hyperactive state of THP-1 

macrophage-like cells (Evavold et al., 2018). Chronic HC exposure however, in 

which HC levels were already high 24 hours before pyroptosis induction inhibited 

pyroptosis in THP macrophage-like cells, protected from cell lysis, but also re-

duced promotion of inflammation. Expression and release of IL-1β were clearly 

inhibited.  

4.1 THP-1 macrophage-like cells represent an ideal model for LPS/ATP 

induced pyroptosis 

THP-1 is the first established human monocytic cell line derived from acute mon-

ocytic leukemia (Tsuchiya et al., 1980), and it is a widely used model for in vitro 

monocyte and macrophage research. THP-1 cells are round suspension cells 

that can be induced into adherent, multishaped macrophage-like cells by various 

stimuli such as PMA or 1,25-dihydroxyvitamin D3 (Fleit & Kobasiuk, 1991; 

Tsuchiya et al., 1982). PMA-induced THP-1 macrophage-like cells share most 

similarity with primary monocyte derived macrophages (Daigneault et al., 2010), 

however, dose and treatment duration for differentiation differ strongly among 
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studies with concentration ranges of 40-200 ng/ml and treatment durations of 

several hours up to 3 days (Daigneault et al., 2010; Fleit & Kobasiuk, 1991; Kohro 

et al., 2004). 

In optimization experiments, an incubation of THP-1 cells with 100 ng/ml PMA for 

48 hours was identified to induce an appropriate differentiation into macrophage-

like cells. Under this condition, the proportion of adherent cells was highest with 

a typical multishaped morphology of macrophages (Daigneault et al., 2010), and 

cell surface marker CD11b expression (Maeß, Wittig, Cignarella, & Lorkowski, 

2014).  

THP-1 macrophage-like cells represent a cell culture model for pyroptosis re-

search (Shrivastava, Valenzuela Leon, & Calvo, 2020). In this setting, pyroptosis 

was induced by LPS and ATP, with LPS representing the priming stimulus and 

ATP, which is physiologically acting as a DAMP as the second stimulus. In liter-

ature, treatment dosages and conditions differ strongly. In one study for instance, 

bone marrow-derived macrophages from mice were treated with 1 µg/ml LPS for 

3 hours followed by 5 mM ATP for 1 hour to induce pyroptosis and high IL-1β 

release (Di et al., 2018). Another study reported that pyroptosis was efficiently 

induced by 100 ng/ml LPS (Sordi, Panahipour, Kargarpour, & Gruber, 2022). Be-

cause of these various settings, optimized treatment conditions for pyroptosis in-

duction were also elaborated in the present study. Priming with 5 ng/ml LPS for 

1 hour followed by additional incubation with 5 mM ATP turned out to induce 

about 45 % cell lysis and upregulate high IL-1β production and release.  

With these optimizmed treatment conditions, the impact of an acute or chronic 

HC exposure on inflammasome activation and pyroptosis was investigated.  

 

4.2 Hydrocortisone influenced response of THP-1 macrophage-like 

cells 

The presence of HC in in vitro experiments creates conditions closer to in vivo 

conditions, as without HC. For instance it has been reported in an allergy model, 

that during dendritic cell induced T cell activation, presence of HC downregulates 

Th1 but not Th2 responses (Bellinghausen et al., 2001), leading to pro-allergic 
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response. Lacking HC during stimulation would reduce allergic effects due to un-

suppressed Th1 response. A study on THP-1 macrophage-like cells showed that 

cell cultivation with HC induces CD163 expression regardless of LPS stimulation 

which an associated M2-like phenotype (Mendoza-Cabrera et al., 2020), whereas 

polarization to M1-like macrophages occurs in the absence of HC.The effect of 

M2 polarization in this case would be ignored resulting in uncomparable between 

animal/human observation and cell culture model. Hence, understanding HC in 

cell culture - especially immune cell culture- helps to reveal comparable re-

sponses of macrophages/macrophage-like cells in vivo and ex vivo.  

Results from the present investigation showed that THP-1 macrophage-like cells 

from blank control were more sensitve to LPS/ATP treatment compared to cells 

under physiological control HC concentrations (0.1 µg/ml). Higher cell death (gen-

eral or pyroptotic), more IL-1β release, more caspase-1 activation and more NF-

κB translocation after pyroptosis induction in was observed blank control cells. 

Without HC, the immune response of THP-1 macrophage-like cells might be over-

estimated and inaccurate.  

This finding illustrated that HC influenced macrophage immune response in vitro 

as expected. Results from the present study and other pulished studies altogether 

suggested that HC is crucial in immune cell responses. Results from cultivation 

systems lacking HC might lead to an increase and shift of responses of activated 

immune cells, which would cause incomparable between in vitro and in vivo ex-

periments. 

4.3 Different hydrocortisone exposure patterns influence NF-κB 

signaling pathway and (pro-)IL-1β expression. 

The pro-inflammatory cytokine IL-1β represents one key downstream inflamma-

tory product in pyroptosis and the NF-κB signaling pathway is crucial to regulate 

(pro-)IL-1β expression. Upon stimulation, LPS binds to cell membrane TLRs like 

TLR2 or TLR4 on macrophages (Needham & Trent, 2013), which leads to NF-κB 

phosphorylation and translocation into the nucleus to regulate gene transcription 

(Bauernfeind et al., 2009). However, not only expression of (pro-)IL-1β is upreg-

ulated, but also of gasdermin D (Bauernfeind et al., 2009; X. Liu et al., 2016) 

which is indispensable for protein maturation and pore formation. 
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HC is an anti-inflammatory drug, which exerts its function via GR activation 

(Whitfield, Jurutka, Haussler, & Haussler, 1999). Activated GRs translocate into 

the nucleus and negatively interact with the NF-κB p65 subunit to inhibit transcrip-

tion of pro-inflammatory genes (Liden, Delaunay, Rafter, Gustafsson, & Okret, 

1997; Reily, Pantoja, Hu, Chinenov, & Rogatsky, 2006), thereby slowing down 

transcription by genomic effects. Rapid non-genomic effects work through inter-

action with other signaling pathways, for example p38 MAPK signaling pathway, 

which was shown to directly interact with GR (Busillo & Cidlowski, 2013). 

The presented results indicate that chronic HC exposure dose-dependently sup-

pressed NF-κB p65 subunit phosphorylation and nuclear translocation. Interest-

ingly, the expression of pro-IL-1β was not significantly reduced by HC, suggesting 

an involvement of other signaling pathways for pro-IL-1β expression such as AP-

1 (Wan et al., 2022).  

Acute high-dose HC exposure didn´t result in reduced NF-κB p65 subunit phos-

phorylation and translocation compared to physiological control, which was mir-

rored by constant pro-IL-1β levels. Moreover, mature IL-1β and its release was 

even increased which suggests on the one hand pro-inflammtory actions by acute 

HC exposure and on the other hand that the effects which are caused by pyrop-

tosis induction (LPS and ATP) occur faster than the transcriptional inhibition of 

pro-inflammatory genes by HC.  

Pro-inflammatory functions of GCs were observed also by other researchers. Liu 

et al. showed that a 24 hours pretreatment of BV2 microglial-like cells with 50 nM 

corticosterone resulted in an enhanced translocation of NF-κB to the nucleus in 

response to LPS priming (J. Liu, Mustafa, Barratt, & Hutchinson, 2018). In addi-

tion to that, acute stress, which is associated with high cortisol levels (Davis, 

Engeland, & Murdock, 2020) is likewise capable to induce proinflammatory cyto-

kines and signaling pathways (Dhabhar, 2002). The mechanisms of action of im-

mune-enhancing effects of HC were not fully elucidated by now. However, one 

sociological experiment has found that under stress conditions, blood IL-1β level 

doubles right after onset of stress (Tait, Aisbett, Hall, & Main, 2019). Observations 

in boxers after boxing matches showed similar results, with having more than 

two-fold increase in cortisol and IL-1β levels after the match (Kılıc et al., 2019). 
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Another study showed that TLR2 was upregulated by 8 hours of 10-100 nM treat-

ment with dexamethasone, another synthetic GC, which was caused by GR acti-

vation that recruited to GRE region of TLR2 promoter (Hermoso, Matsuguchi, 

Smoak, & Cidlowski, 2004). It was also reported that GRs which were activated 

after acute stress had the potential to activate not only NF-κB but also p38-MAPK 

or STAT signaling pathways to upregulate TLRs and IL-1β mRNA transcription 

(Cui et al., 2020; Shuto et al., 2002). This indicates that HC (and other GCs) may 

also act as mediators to enhance inflammatory response and pathogen clearance 

(Cruz-Topete & Cidlowski, 2015). A clinical trial including 105 septic patients re-

vealed that concentrations of IL-1β, as well as IL-6, TNF and IFNγ, remain stably 

high within the first six hours after HC administration, and then start to decrease 

(Zhao & Ding, 2018). In addition to HC, acute treatment with dexamethasone 

showed similar effects regarding upregulation of pro-inflammatory genes. It was 

shown that LPS primed THP-1-macrophage-like cells expressed higher IL-1β 

mRNA and CCR7 when cells were treated with 0.1 μM dexamethasone for 24 

hours, and this upregulation was inhibited after 48 hours of continuous treatment 

(Díez-Tercero, Delgado, & Perez, 2022). These results all indicate that short 

time/acute exposure to HC doesn´t suppress but rather enhance immune re-

sponses, which could be the a result of non-genomic effects of GCs activating 

pro-inflammatory signaling pathways. 

In summary, HC acts dependent of treatment regimen both anti- and pro-inflam-

matory. Long-term chronic treatment suppressed pro-inflammatory NF-κB signal-

ing pathway activation and subsequent IL-1β transcription. Acute short-term 

treatment on the other side seems to promote pro-inflammation to a certain de-

gree.  

4.4 NLRP3 inflammasome assembly differs between acute and chronic 

hydrocortisone treatment: key for regulation of IL-1β maturation 

Unlike other secreted proteins, IL-1β contains no signal peptide that directs se-

cretion via the Endoplasmic reticulum/-Golgi complex approach. The main mech-

anism of IL-1β secretion is its cleavage, maturation and finally release via a pore 

on the cell membrane (Jorgensen, Rayamajhi, & Miao, 2017). IL-1β is cleaved by 

caspase-1, which is activated after inflammasome assembly (Place & 
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Kanneganti, 2018; Stewart & Cookson, 2016). In LPS/ATP induced pyroptosis, 

NLRP3-inflammasome represents the major inflammasome. Its assembly is initi-

ated by ATP and other DAMPs related to tissue injury (Kesavardhana & 

Kanneganti, 2017). The distinct mechanism of NLRP3-inflammasome activation 

by ATP remains unclear, however, potassium efflux, calcium influx, ROS for-

mation and lysosome rupture are highly related to this process (He et al., 2016). 

Chronic HC exposure resulted in a dose-dependent decrease of NLRP3 expres-

sion. Moreover, this treatment regimen inhibited inflammasome assembly and 

consequently reduced caspase-1 activation, gasdermin D cleavage and IL-1β re-

lease, which was accompanied by less cell death. Since pro-IL-1β levels were 

not affected by HC, inhibitory effects downstream of NF-κB signaling are sug-

gested in this cascade, such as reduction of caspase-1 activation as it has been 

shown for other GCs (Caruso et al., 2022).    

Comparable results with other GCs were widely found in other investigations. Wu 

et al. reported corticosterone, an analog of HC, to inhibit NLRP3 in LPS primed 

RAW264.7 murine macrophages by suppressing Xanthine Oxidase expression 

(Wu et al., 2020). In lung inflammation research, dexamethasone was found to 

inhibit NLRP3 expression after ovalbumin- or LPS- induced lung inflammation in 

mice (Guan et al., 2020; J. W. Yang et al., 2020). Results derived from these 

studies confirm that long-term incubation of glucocorticoids suppress NLRP3 ex-

pression and inflammasome activation. This leads to alleviation of inflammation, 

which mirrors the anti-inflammatory action of GCs. 

As described, the effects of HC on NLRP3-inflammasome assembly and function 

are majorily inhibiting. However, one study demonstrated that GCs can induce 

NLRP3 protein expression in THP-1 macrophage-like cells by sensitizing them to 

extracellular ATP and thereby enhancing the ATP-mediated release of pro-in-

flammatory cytokines such as IL-1β (Busillo, Azzam, & Cidlowski, 2011). Results 

from the present study also indicate, that acute HC exposure resulted in a slight 

increase in NLRP3 expression and inflammasome assembly. This may sensitize 

macrophages against infection to limit pathogen spread. 

Apart from the results that indicate opposed function of HC in pyroptosis, depend-

ent on the treatment regimen, there are some limitation to be acknowledged: the 
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distinct mechanisms underlying acute HC exposure induced inflammasome acti-

vation remain unclear. Here ROS/mtROS production or potassium efflux and/or 

calcium influx might be involved, however, this represents a focus of future inves-

tigations.  

4.5 Different hydrocortisone exposure patterns alter the viability of 

macrophages  

One other key protein of pyroptosis is gasdermin D. Its cleavage by caspase-1 

leads to oligomerization of gasdermin D proteins and pore formation in the cell 

membrane that allows the passage of small proteins like IL-1β. However, the 

gasdermin D pore is non-selective for ions and water, thus the cell is gradually 

ruptured by osmotic pressure changes (Kovacs & Miao, 2017). The effect of HC 

on caspase-1 function and gasdermin D pore formation was not extensively in-

vestigated yet. Only one report showed that treatment with 10 μM dexame-

thasone for 24 hours induced an upregulation of caspase-1 and gasdermin D in 

a myoblast cell line (Wang et al., 2021).  

Results from the present study demonstrate that chronic HC exposure protected 

THP-1 macrophage-like cells from LPS/ATP induced pyroptosis by reduced 

caspase-1 activation as well as gasdermin D expression and cleavage.  

Interestingly, acute HC exposure led to a different outcome. In this setting, in-

flammasome assembly, caspase-1 activation and IL-1β release were increased 

without causing higher rates of pyroptotic cell death in comparison to the physio-

logical control. The relatively high proportion of caspase-1/PI double positive cells 

might be explained by PI that diffused through the gasdermin D pore rather than 

cell death (Evavold et al., 2018). The increased activity of caspase-1 and release 

of IL-1β in the acute HC setting might be attributed to inflammasome hyperactivity 

(Frising et al., 2022) which can be caused by GCs (Busillo et al., 2011), especially 

by a sudden increase at the onset of infection. Another possible explanation might 

be a general hyperactivation of macrophages by treatment with LPS (Crayne, 

Albeituni, Nichols, & Cron, 2019) that didn´t occur upon chronic HC treatment due 

to already inhibited signaling cascades. Hyperactivation of macrophages, in 

which cells release IL-1β through gasdermin D pores without dying can be also 
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induced by oxidized lipids (Evavold et al., 2018; Zanoni, Tan, Di Gioia, 

Springstead, & Kagan, 2017) and Toll-IL-1R protein SARM (Carty et al., 2019). 

However, for drawing conclusions, the activation state of THP-1 macrophage-like 

cells shall be tested in future investigations by e.g. measurement of cell surface 

activation markers or investigation of the p38-MAPK signaling pathway since 

acute HC exposure was reported to modulate this signaling pathway in a non-

genomic manner (Cruz-Topete & Cidlowski, 2015). 

4.6 Conclusions and perspective for application of GCs in the 

laboratory setting and clinic 

HC is the natural form of GC in humans and can be also used as medicine, how-

ever the short biological half-life (8-12 hours) makes its application limited in clin-

ical settings. There are several synthetic GCs or GC analogs which have more 

persistent effects and stronger pharmacology potency (Deng, Chalhoub, Sherwin, 

Li, & Brunner, 2019). Dexamethasone, for instance, is based on HC but it is meth-

ylated at 16-alpha position of D-ring and fluorinated at the 9-alpha position of B 

ring, which prolongs biological half-life to 36-54 hours and increases its potency 

to the 25-80 fold of HC. These properties make dexamethasone a more popular 

drug in clinical settings (Czock, Keller, Rasche, & Häussler, 2005).  

As a widely used medication, HC and its GC analogs, especially dexamethasone 

are applied in many diseases to reduce inflammation. Asthma, the allergic inflam-

matory disease, can be effectively treated by GCs. GCs have been locally or 

systematiclly used in persistent asthma or asthma exacerbation (Derendorf, 

Nave, Drollmann, Cerasoli, & Wurst, 2006). HC or dexamethasone are also com-

monly used in autoimmune diseases like rheumatoid arthritis to suppress excess 

immune responses (Bluestone, 1970).  

In septic shock patients, systemic inflammatory response syndrome (SIRS) rep-

resents a hallmark at the onset of disease (Feuerecker et al., 2018) and is char-

acterized by an excessive release of pro-inflammatory cytokines which results in 

tissue injury, failure of single organs or multiple organ dysfunction syndrome 

(MODS) and further inflammation driven by DAMPs (Feuerecker et al., 2018; 
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Moser et al., 2022). Treatment with GCs in septic shock has the potential to im-

prove survival of patient with SIRS (Chakraborty & Burns, 2022) and moreover, 

its use is recommended when fluid resuscitation and vasopressor therapy are not 

able to reverse hemodynamic unstability (Rhodes et al., 2017). In septic patients 

with acute kidney injury, HC treatment decreased 7-day cytokine levels, improved 

kidney function and reduced 28-day mortality rate significantly (Ying, Yang, Wu, 

Cai, & Xin, 2019). In Coronavirus Disease 2019 (COVID-19), GCs such as HC 

and dexamethasone are regarded as highly effective treatment strategies, reduc-

ing the ventilation days in patients with acute respiratory distress syndrome 

(ARDS) (Tomazini et al., 2020) and decreasing mortality (Angus et al., 2020; 

Horby et al., 2021). All these examples confirm the importance of GCs, and HC 

in special in the treatment of different diseases.  

However, systematic and high-dose HC treatment in severely ill patients has not 

neglectable disadvantages with bacterial superinfection being the most common 

one. Superinfections or secondary infections usually occur through insufficient 

immune response as they are induced by long-term HC administration. IL-1β lev-

els have been shown to be strongly suppressed upon HC treatment (Zhao & Ding, 

2018), resulting in potential superinfection risk. Another side effect of HC and 

other GCs is central nervous system toxicity. It was found that high HC levels 

serve as marker for Alzheimer’s disease early prediction (Ennis et al., 2017) and 

disease progression (de la Rubia Ortí et al., 2019). An in vitro study confirmed 

the toxicity of GCs on primary hippocampal neurons in an Alzheimer’s disease 

animal model. A 72 hours dexamethasone treatment stimulated NLRP1 inflam-

masome, resulting in Aβ1-42 accumulation and IL-1β release (L. Yang et al., 

2022). The neural toxicity effects of GCs have to be considered when GCs ad-

ministration in diseases. These contrary results also reveal that the underlying 

mechanism of action of GCs in different cell types and physiological system is 

still unclear.  

From all the clinical standards and trails, only low attention was payed to the 

inflammation modulating action of HC on distinct immune cells when they are 

infected with pathogens under acute or chronic HC treatment. The treatment reg-
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imens in this in vitro setting strived to mimic states in patients with an acute med-

ication with HC to treat/prevent excessive immune responses due to pathogen 

infection or with high stress levels or a continuous immunosuppression by HC.   

The findings from the present investigations indicate that an acute exposure to 

high dose HC might result in an inflammasome hyperactivation leading to in-

creased IL-1β levels and unintentionally to an excessive immune response that 

might in special cases ultimately contribute to a cytokine storm. In contrast, under 

chronic HC exposure, pyroptosis in macrophages is suppressed, leading to low 

release of IL-1β and consequently to a dampened immune response against in-

fecting pathogens.  

Therefore, the inclusion of IL-1β as an inflammation and pharmacological marker 

in clinical studies should be considered to estimate the role of HC/GC the innate 

immune system functional state for adjusting patients´ treatment when needed.  
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