
1. Abstract / Zusammenfassung 
Clade B serpins are serine protease inhibitors found in the cytoplasm. These 

serpins protect leukocytes from cell death induced by proteases in their own 

granules. Purified serine proteases are able to cleave the precursor of 

interleukin-1β (IL-1β) in vitro. We hypothesize that, in the absence of serpins, 

proteolytically active proteases cleave the precursor or the mature form of IL-1β. 

To investigate the role of serpins in cell death and inflammation, the lab of 

Charaf Benarafa generated a mouse model lacking specific serpins. After 

priming and stimulation of bone marrow-derived macrophages/dendritic cells 

with nigericin, mice deficient for specific serpins showed significant increase in 

the produced amount of total IL-1β compared to wildtype mice. Thereafter, a 

technique to measure the activity of IL-1β was tested but the results were not 

fully conclusive.  
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4. Materials/Methods/Procedures 
Femurs and tibia from euthanized wildtype and Leo mice were dissected . The 

bones were washed with medium and erythrocytes were lysed. Cells were cultured 

with RPMI+GM-CSF+IL-4 medium for 7 days. Ultrapure lipopolysaccaride from 

Escherichia coli was used for priming the cultivated BMMDCs. Priming was made 

for 5 hours until stimulation. The priming was also performed with caspase 

inhibition (Q-VD). After priming, stimulation was made for 3 hours, 6 hours or 18 

hours with adenosine triphosphate (ATP), nigericin and streptolysin O. IL-1β ELISA 

was performed of primed and stimulated samples.  

Primed and stimulated samples were diluted to a comparable concentration of IL-

1β and samples were incubated with EL4.IL-2 cells for 3 hours, 6 hours and 18 

hours. The standard of IL-1β from ELISA kit was incubated with EL4.IL-2 cells 

several times at different days. IL-2 ELISA was performed from samples and 

standards to measure active IL-1β. 

2. Introduction 
Interleukin-1β 

Interleukin-1β (IL-1β) is a member of the Interleukin-1 family of proinflammatory 

cytokines. It is a highly inflammatory cytokine (Dinarello, 2011: p. 3720-3732) that 

is primarily expressed by monocytes, macrophages, and dendritic cells (Netea et 

al., 2015: p. 49-77). Figure 1 shows synthesis of IL-1β. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Neutrophil serine proteases in macrophages/dendritic cells 

Neutrophil serine proteases (NSPs) are able to proteolytically cleave cytokines, 

surface receptors and extracellular matrix proteins and contribute in this way to 

the inflammatory response. Serine proteases are released from degranulating 

neutrophils and are tightly regulated by serpins found in plasma and mucosal 

surfaces (Geiger et al., 2015: p. 60-62) (Pham, 2006: p. 541-550). NSPs are also 

found in other cells than granulocytes. Messenger ribonucleic acid (mRNA) 

encoding neutrophil elastase was detected in human blood monocytes and 

macrophages (Dollery et al., 2003: p. 2833). Low levels of mRNA encoding 

cathepsin G were observed in different subsets of human and mouse dendritic 

cells (Stoeckle et al., 2009: p. 41-45). 

 

Serpins 

Serpins are serine protease inhibitors. SerpinB1, B6 and B9 inhibit granule 

serine proteases of leukocytes. These serpins are found in the cytoplasm of 

various cells (Geiger et al., 2015: p. 63-64).  

 

The “Leo” knock-out mouse  

The Leo mouse is a recently developed mouse model (from PD Dr. Charaf 

Benarafa, unpulished data), which is deficient in all the homologs of serpinB1, 

B6 and B9. 

3. Goals and aims 
Serine proteases like proteinase-3 can process the precursor of IL-1β in in vitro 

experiments (Bank et al., 2001: p. 199). It was also shown that mice deficient in 

caspase-1 are still able to generate mature IL-1β in response to a local 

inflammatory stimulus (Fantuzzi et al., 1997:  p.1818-1824) indicating that 

alternative processing of this cytokine can occur in vivo.  

The goal of this thesis is to analyse the amount and biological activity of 

produced IL-1β in bone marrow-derived macrophages/dendritic cells (BMMDCs) 

of wildtype and Leo knock-out mice after priming and stimulation. The priming 

and stimulation is also made with caspase inhibition.  

 

Based on this goal the following aims are formulated: 

1. Are BMMDCs of Leo knock-out mice producing different quantities of IL-

 1β and pro-IL-1β than cells from wildtype mice? 

2. What is the effect of caspase inhibition on the IL-1β protein production in 

 the supernatant of BMMDCs? 

3. Is the biological activity of IL-1β produced by the Leo knock-out cells 

 different from that produced by wildtype cells? 

5. Results 
There is a statistically significant difference in the production of IL-1β after 

stimulation with nigericin between the genotypes. This difference is significant at 

3 hours, 6 hours and 18 hours stimulation with nigericin (Figure 3B). This effect 

can be inhibited by Q-VD.  There is no statistically significant difference in the IL-

1β production between the genotypes after stimulation with ATP (Figure 3A). 

Primed and stimulated samples with streptolysin O show results comparable to 

unstimulated samples (Figures 3C and D). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

IL-1β Standards incubated on different days with EL4.IL-2 cells show variable 

amounts of IL-2 produced (Figure 3). 

 

 

 

 

 

 

 

 

 

 

 

6. Discussion 
Primed and nigericin-stimulated BMMDCs of Leo mice express statistically 

significant higher levels of IL-1β compared to wildtype mice. It would be possible 

that this higher amount is related to additional processing of pro-IL-1β by serine 

proteases in Leo BMMDCs. It would also be possible that serpins could somehow 

inhibit generation of IL-1β, which would explain lower levels in the wildtype but 

such mechanism is less likely. Streptolysin O concentration used here seems not 

to activate the pathway that we wanted to trigger in contrast to published data by 

others. Unstimulated samples show low levels of IL-1β. This can be related to the 

long incubation period including the cells that die and release IL-1β. 

The fact that we still have a low IL-1β secretion when caspase inhibition is added 

can be explained by the fact that Q-VD is not able to inhibit completely all present 

caspases.  

Figure 3 shows that IL-1β standards incubated at different days do not show the 

same IL-2 release. Following this, EL4.IL-2 cells do not react always in the same 

manner to IL-1β and it is not possible to evaluate the amount of active IL-1β in 

primed and stimulated samples with this test. 

Fig. 1 Synthesis of IL-1β. 

A first signal like lipopolysaccaride (LPS) binding on Toll-like 

receptor (TLR) leads to gene transcription of pro-IL-1β. Pro-

IL-1β is found in the cytoplasm after gene transcription. A 

second signal activates the NLRP3 inflammasome to convert 

pro-caspase-1 to active caspase-1. Active caspase-1 process 

pro-IL-1β into the mature, active IL-1β (Abbas et al., 2012: p. 

64). 
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Fig. 2 A-D  Beutler, T. (2016) IL-1β production of BMMDCs of wildtype and Leo mice after priming and  stimulation. Bern, own figure 

Fig. 3   Beutler, T. (2016) IL-2 production by EL4.IL-2 cells stimulated with  IL-1β standard. Bern, own figure 

Background  image ScienCell Research Laboratories (Stand 28.08.2016) Mouse hepatic macrophages from CD1. https://www.sciencellonline.com/products-services/primary-cells/hematopoietic/mouse-hepatic-macrophages.html 

Fig. 2 A-D IL-1β production of BMMDCs of wildtype and Leo mice after priming and stimulation 

Fig. 3 IL-2 production by EL4.IL-2 cells stimulated with  IL-1β standard 

Role of intracellular serpins in the production and processing of pro-IL-1β in 

macrophages/dendritic cells 

A B 

C D 


