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   Abstract 
Introduction: Asthma is a disease that occurs worldwide and approximately 300 million people 
carry this disease. It is characterized by chronic inflammation, airway obstruction and airway hyper-
responsiveness (AHR). This T-lymphocyte controlled disease has symptoms such as coughing, 
wheezing, and chest tightness. In addition to chronic inflammation, asthma is also caused by 
overproduction of mucus and airway wall remodelling. The chronic inflammation and airway wall 
remodelling are suggested to contribute to the AHR and airway obstruction. AHR is a way to 
measure the reactivity in the airways in asthmatics. IL-13 has been shown to play an 
important role in the development of AHR, and biopsies from bronchial submucosa and air way 
smooth muscle (ASM) in humans have shown an increased concentration of IL-13 in severe asthma. 
Aim: The aim of this work was to evaluate if IL-13 is able to enhance the 5-HT response in mouse 
tracheal segments, which had been cultured for 2 days and, if so, try to unravel the underlying 
mechanism for this phenomenon. Literature reports that IL-13 enhanced contractions in mouse 
trachea in presence of KCl and CCH. Earlier work within this project did not find any clear proof 
for this observation. However, in this work this observation will be evaluated in a more controlled 
fashion by correcting for size and location of the trachea. 
Methods: The trachea was removed from Balp/c mice and cultured in small wells for two days in 
DMEM medium and various additions were performed to the medium for understanding the effect 
of e.g. IL-13 on the cells. The contractility change due to IL-13 and various additions in segments 
challenged with KCL, CCH and 5-HT were measured in a tissue-organ bath.  
Results and Conclusion: A more enhanced CCH induced contraction of IL-13 treated segments 
was obtained for the  lower part compared to the upper part of the trachea.  IL-13 enhanced the 
response in the ASM to 5-HT after two days of culturing. An increased concentration of the 
cytokine IL-13 in the airways from TH2-cells enhances the reactivity to 5-HT in the ASM. The 
underlying mechanism might involve JNK and ERK but more experiments are needed to 
statistically ensure this claim.  
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Summary 
 

Asthma is a chronic disease that occurs worldwide and approximately 300 million 
people have the disease today. The prevalence of asthma is increasing in the world and 
it has been estimated that an additional 100 million people will develop asthma in 2025. 
Asthma is a highly complex disease which is characterized by chronic inflammation, 
airway obstruction and airway hyper-responsiveness. The chronic inflammation and 
airway wall remodelling are suggested to contribute to the airway hyper responsiveness 
(AHR) and airway obstruction. AHR is a way to measure the reactivity in the airways 
in asthmatics, a criterion for the asthma diagnose. Due to the chronic inflammation, 
there is an increased level of CD4+ TH cells in the airways of asthmatics, and the 
dominant type is TH2. The activated TH2 cells produce IL-4, IL-5, IL-10 and IL-13. 
IL-4 and IL-13 from the TH2 stimulate the B-cells/plasma cells to produce and release 
IgE antibodies against an antigen. Surplus of these antibodies bind to FcεRI receptors 
on the mast cell.  A subsequent exposure of the antigen molecules results in crosslinks 
of IgE-molecules on the mast cell, which causes degranulation of mastcells. Thereby 
the mast cell releases histamine, prostaglandins and leukotrienes which lead to 
bronchoconstriction in the airways. This contraction characterizes the first phase of 
asthma. Mast cells also secrete other cytokines, chemokines and growth factors. This 
release occurs later and leads to recruitment of neutrophils, eosinophils and 
macrophages into the tissue and results in an inflammation phase. Many studies have 
shown that IL-13 plays an important role in asthma. The aim of this project was to 
study how IL-13 affects serotonin mediated signalling of the airway smooth muscle 
(ASM) in mice but also to study the underlying mechanism. 
 
In these studies, 8 to 10 weeks old mice were killed by cervical dislocation. Lungs and 
trachea were removed and the trachea was dissected free of fat tissue and connective 
tissue. The trachea was divided into four segments and cultured in DMEM for two 
days. After 24 hours, the segments were transferred to new wells with fresh DMEM. 
Various additions were performed to the different wells for different sub-projects. The 
effect of IL-13 on the smooth muscle in the trachea, dexametasone effect on IL-13 and 
four signal paths, ERK, JNK, p38 and PI3Kγ are studied. 
In vitro pharmacology: Changes in the smooth muscle were studied in an organ baths. 
The organ bath contained Krebs-Henseleit buffer, continuously equilibrated with 5% 
CO2 and 95% O2 resulting in a pH of 7.4. The bath was temperature-controlled (37°C). 
The segments were stimulated with KCl to ensure survival after culture. 
Carbachol(CCH) is a muscarinic agonist which induces smooth muscle contraction. 
The maximum contraction by CCH acts as a reference for the 5-HT contraction. 
 
A more enhanced CCH induced contraction of IL-13 treated segments was obtained for 
the lower part compared to the upper ones of the trachea.  Our results also show that IL-
13 increases the contraction due to 5-HT after two days of culture. Further, PI3Kγ does 
not seem to regulate the effect of IL-13 and dexamethasone did not affect the effect of 
IL-13. There were great differences in response between the upper and the lower part of 
the trachea, so an increased number of attempts might give a more distinct result. The 
signaling pathways involving ERK, JNK, and p38 must however be evaluated further 
with the same set up that was made with PI3Kγ.
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ABBREVIATIONS 

AHR     Airway hyper responsiveness  
ASM    Airway smooth muscle  
CCH  Carbachol 
CNS  Central nervous system 
DMEM   Dulbecco's Modified Eagle's Medium 
ERK1/2   Extracellular signal-regulated kinases 
5-HT     5-Hydroxytryptamine, Serotonin 
IgE     Immunoglobulin E 
IL-4    Interleukin-4 
IL-5     Interleukin-5 
IL-8     Interleukin-8 
IL-10     Interleukin-10 
IL-13     Interleukin-13 
JNK     C-Jun N-terminal kinases 
P38     p38 mitogen-activated protein kinases 
PI3Kγ    Phosphoinositide 3-kinase gamma 
TH2     T helper type 2 
TNF-α    Tumor necrosis factor-alpha 
LogEC50 Half of the concentration which gives the maximum contraction
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INTRODUCTION                                                     

 

Asthma – a definition 

 

WHO defines asthma as “a disease characterized by recurrent attacks of breathlessness 
and wheezing, which vary in severity and frequency from person to person. In an 
individual, they may occur from hour to hour and day to day. This condition is due to 
inflammation of the air passages in the lungs and affects the sensitivity of the nerve 
endings in the airways so they become easily irritated. In an attack, the lining of the 
passages swell causing the airways to narrow and reducing the flow of air in and out of 
the lungs.” [1] 
 
 

Epidemiology 

Asthma is a chronic disease that occurs worldwide and approximately 300 million 
people have the disease today. It affects all ethnic groups, socioeconomic levels, and 
ages and usually develops during childhood.  

The prevalence of asthma is increasing in the world and it has been estimated that an 
additional 100 million people will develop asthma in 2025 [2]. The most likely 
explanation for this is that more countries adopt western lifestyles and become 
urbanized. Many asthmatics in our world live with unmet needs related to their disease, 
which leads to poor asthma control. Asthma is often under diagnosed in many countries 
where people live with asthma symptoms without knowing that they are sick 

Asthma - symptoms 

Asthma is a highly complex disease which is characterized by chronic inflammation, 
airway obstruction and airway hyper-responsiveness. The T-lymphocyte controlled 
disease has symptoms such as coughing, wheezing and chest tightness. In addition to 
chronic inflammation, asthma is also caused by overproduction of mucus and airway 
wall remodelling. The chronic inflammation and airway wall remodelling are suggested 
to contribute to the airway hyper responsiveness (AHR) and airway obstruction. AHR 
is a way to measure the reactivity in the airways in asthmatics, a criterion for the 
asthma diagnosis. AHR provides an indication of how severe the asthma is or how the 
treatment works. Airway obstruction follows a pattern, where symptom-free periods are 
followed by periods of exacerbations due to different stimuli. These stimuli could be 
irritant chemicals, cold air, stimulant drugs, etc. Asthma has two main phases, an early 
allergic phase and a later allergic phase reaction. The early phase is categorized by 
bronchospasm and the later by inflammation. The two phases share many mediators 
and the phases are cross linked [2-5].  
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Antigen initiation of a TH2 response and IgE-production 

 
Due to the chronic inflammation, there is an increased level of CD4+ TH cells in the 
airways of asthmatics, and the dominant type is TH2. Antigen is presented to the naive 
T cells by antigen presenting cells e.g. dendritic cells or macrophages, figure 1. Which 
type of T-cell the naive T-cell will develop into depends on which type of antigen is 
presented and which cytokine that is present and stimulate the naive T-cell. In the case 
of asthma the naive T-cells are stimulated by IL-4 which will lead to an activation of 
stat 6 and transcription factor GATA, which  then bind protein 3 (GATA-3) resulting in 
gene transcription and production of IL-4, IL-5, IL-10 and IL-13 [5, 6].  
 
 

                                          
 Figure 1. T-cell activation resulting in a TH2 state and 
 thereby production of various asthma inducing interleukins. 
 
 
IL-4 and IL-13 from the TH2 stimulate the B-cells/plasma cells to produce and release 
IgE antibodies, which then neutralize the antigen.  As the antigen results in IgE 
antibodies, it is named allergen.  

 

Early phase response to an allergen 

The surplus of formed IgE antibodies binds to FcεRI receptors on the mast cell.  A 
subsequent exposure of allergen molecules results in crosslinks of juxtaposed IgE-
molecules on the mast cell, which causes degranulation of this cell. Thereby, the mast 
cell releases histamine, prostaglandins, and leukotrienes, Figure 2. These three 
mediators cause bronchoconstriction in the airways. This constriction phase last for 30 
to 60 minutes after degranulation. The histamine release also leads to overproduction of 
mucus. In humans, histamine is one of the more important mediators causing 
bronchoconstriction. Mast cells in mice release serotonin instead of histamine to cause 
bronchoconstriction [5, 7, 8].  
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Figure 2. Early phase reaction. The antigen crosslinks two juxtaposed IgE on the mast cell resulting in 
degranulation and release of chemical mediators like histamine and cytokines into the environment which 
causes bronchoconstriction. 

Late phase response an allergen 

The late phase develops after four to six hours after that the mast cell begun to 
degranulate. The degranulated mast cell then starts to excrete various chemokines, 
cytokines and growth factors. This release is slower than the release from the early 
phase and results in an activation of the late reaction which is characterized by 
infiltration of neutrophils, eosinophils, macrophages, TH2 cells and basophils, Figure 3.  
The mast cell release of TNF-α and IL-1 increases the expression of various cell 
adhesion molecules on postcapillary venular endothelial cells which results in 
recruitment of various leucocytes, mostly eosinophils, which have been found to have 
an important role in the late phase reaction.  

 

Figure 3.  Overview of the late phase in allergen-induced airway inflammation. 

http://upload.wikimedia.org/wikipedia/commons/c/ce/Mast_cells.jpg
http://upload.wikimedia.org/wikipedia/commons/c/ce/Mast_cells.jpg
http://upload.wikimedia.org/wikipedia/commons/3/36/Allergy_degranulation_processes_01.svg
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The released IL-5, IL-13, and GM-CSF drive CD34+ bone marrow cells to differentiate 
into eosinophils. IL-4 also stimulates the endothelium to express receptors like VCAM-
1 to attract eosinophils. Moreover, IL-3 and IL-4 induce expression of Fcreceptors 
and specific integrins, e.g. α4β1 (the counterligand for VCAM-1) on the eosinophils for 
both IgE and IgG.  

The eosinophils cause damage to the endothelial cells due to release of free radicals. 
TNF-α and mostly IL-8 activates recruited neutrophils which produce lipids, nitric 
oxide, cytokines, and proteases. The lipids, nitric oxide, and cytokines enhance the 
reactivity in the airways and the proteases cause damage due to degradation of elastin 
and collagen-3 [5, 7, 8]. 

 

Chronic inflammation and structural changes 

The inflammation gets chronic when the airways continuously are exposed to the 
antigen. The long term exposure of different mediators, cytokines and immune cells 
leads to an increased number of innate and adaptive immune cells in the tissue and 
results in changes of its structure This change involves all layers of  the air way walls. 
The epithelium layer changes and a clear increase in the number of goblet cells and 
production of cytokines and chemokine from the epithelial cell are noticed. Areas of 
injured epithelial are also increasing. The airway wall becomes swollen, and collagen 
and fibronectin are built into the wall which leads to a reduction in airflow. The most 
obvious change is seen in the increased amount of smooth muscle of the airways, which 
is due to hypertrophy and hyperplasia. The airway remodelling is the final step in the 
late phase [7-9].  

 

IL-13 and its receptors 

 
The main producer of IL-13 is the TH2 cell. IL-13 binds either to IL-13Rα1 or IL-
13Rα2 receptor, figure 4.  The IL-13Rα1 receptor forms a heterodimer complex with 
IL-4Rα. When this complex is stimulated by IL-13 it is known to result in 
phosphorylation of Stat6, which then becomes active. Stat6 is a transcription factor, 
which in its phosphorylated form is translocated to the cell nucleus and specific 
promotors in DNA.                                                                                    
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.                                                                                                                                            

                         
                                 Figure 4. IL-13R1 and  IL-13R2  

 
 
IL-13Rα2 is not required for IL-13 function and it is indicated in the literature that this 
receptor is a decoy receptor [10]. Such a receptor does not provide an intercellular 
effect. Binding of the ligand to such a receptor prevents the ligand to bind to its correct 
receptor and thus decrease the effect of the ligand, in this case IL-13. 
 
IL-13 has been showed to play an important role in asthma. A study of antibodies 
towards IL-13 and shown that these antibodies improve the lung function in [11]. 
Shironjik et al. have taken biopsies from bronchial submucosa and ASM in humans and  
have seen an increased concentration of IL-13 in severe asthma [12]. IL-13 has been 
shown to increase contraction mediated by 5-HT and also upregulating the 5-HT 
receptor on smooth muscle cells in the jejunum. The 5-HT response in the gut is a 
defence mechanism against worms as the induced contractions increase the disposing of  
the worms as rapidly as possible [9, 13]. 
 
 

Serotonin and its receptor 5-HT2A    

Serotonin, also called 5-Hydroxytryptamine (5-HT), is an important neurotransmitter 
for the physiology of mood, vascular function and gastrointestinal motility. It is also 
classified as a hormone and a mitogen. It binds to different HT-receptors that been 
evolved during more than 750 million years and are present in most organisms, from 
the smallest invertebrates to higher mammals. The dominating subclass in the ASM is 
the 5-HT2A receptor. This receptor is also found in the central nervous system, CNS, 
where it is involved in neuronal excitation, behavioural effects and the learning process. 
The receptor is also found on the surface of platelets, where the function of serotonin is 
to induce aggregation of platelets. In the smooth muscle, serotonin acts via this receptor 
and induces contraction. The 5-HT2A receptor is a G protein-coupled receptor that after 
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ligand binding activates phospholipase C which leads to increased accumulation of 
inositol phosphate and intracellular Ca2+, Figure 5. In smooth muscle cells this results 
in contraction of the cell [3, 14, 15]. 

               

                   Figure 5.  Intracellular effects of  serotonin after binding to 5-HT2A on an airway                        
smooth muscle cell resulting in phosphorylation of  MLC and  contraction. 

 

Glucocorticoids as anti-inflammatory drugs in asthma treatment 

Dexamethasone is a glucocorticoid known to be one of the most potent agents in order 
to treat the inflammation in the smooth muscles that occurs in asthmatics. 
Glucocorticoids exert their effects through different mechanisms which today are rather 
well known. They activate so called anti-inflammatory genes and silence pro-
inflammatory genes and repress the inflammation. Glucocorticoids have also various 
post-transcriptional effects [16]. In the case of asthma, glucocorticoids have an 
inhibitory effect on the cytokines IL-4, IL-5,  and IL-13 production [5].  If also the 
effect of IL-13 on the smooth muscle could be blocked by the glucocorticoid 
dexamethasone is hitherto not studied. 

 

Airway smooth muscle 

The smooth muscle in the trachea is located under a layer of epithelial cells like a seam 
along the trachea and keeps the cartilage rings together. The smooth muscle controls 
the diameter of the lumen. Contraction is initiated with factors, ligands or mechanical 
stretch,  that increase the concentration of intracellular Ca2+, which results in 
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phosphorylation of myosin [17]. Normally, acetylcholine induces muscle contraction. 
In experiments, CCH, a cholinergic agonist is often added to induce contraction. To 
obtain the adverse effect, atropine, a muscarinergic acetylcholine receptor antagonist, 
will be added. 

Hyper-responsiveness of the ASM is a criterion for the asthma diagnose. Phenotypic 
changes of the smooth muscle cells may be an important step in asthma diseases and 
lead to a difference in contraction and a non-specific hyperreactivity of the ASM. 
Various cytokines, TNF-, IL-1β, IL-5 and IL-13, have been suggested to provide these 
changes [18].   

 

Studies of muscle contractions force with a myograph 

A myograph, Figure 6, is a device that is used in order to measure the force that a 
contracting muscle can produce. This apparatus consists of a small temperate bath with 
two L-shaped metal pongs between which a segment of muscle tissue can be mounted. 
Different substances, that will affect the contraction process of the muscle, can be 
added to the bath and then washed out. One of the L-shaped prongs is connected to a 
force displacement transducer that constantly records the isometric tension of the 
muscle.  The other prong is connected to a displacement device, allowing adjustment of 
the distance between the two parallel prongs [19]. 

 

Figure 6. One of the baths in the myograf.  The arrow   
shows the segment mounted between the two pongs.                                                                                   
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Aims of the project 

Studies had been performed that indicated effects of Th2 and Th17 cell signalling and 
different cytokines like IL-13 on epithelium damage and the functional properties of the 
smooth muscle of the air ways. IL-13 was supposed to enhance the serotonin mediated 
smooth muscle contraction.  Literature also reported that IL-13 enhanced the 
contractions to KCl and CCH in mouse trachea. Previous experiments in this project 
did not show a clear proof for this observation.  

This work should repeat some of these experiments but now under more controlled 
fashions and conditions. Thus, the aim was to study the effect of IL-13 on serotonin 
mediated contraction of mouse tracheal. If an effect was obtained, the aim was also to 
unravel the underlying mechanism for this phenomenon.  
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MATERIALS AND METHODS 

 

Tissue preparation and treatments 

Five to eight weeks old male male BALB/c mice (Harlan laboratories, Host, Holland) 
were killed by cervical dislocation. The whole tracheae was instantly removed and 
placed in Dulbecco's Modified Eagle's Medium, DMEM, from Sigma (St. Louis, MO, 
U.S.A.) supplemented with 100 U ml−1 penicillin and 100 μg ml−1 streptomycin from 
Life Technologies (Gathisburg, MD, U.S.A.) and then dissected and cut into four 
equally sized segments. The segments were then placed in 48-well plates (flat Bottom 
with low evaporation lid; Becton Dickinson and company, Franklin Lakes, NJ, USA.) 
with 300μl DMEM and various additions. Each segment was incubated at 37°C in 
humidified 5% CO2 in air for 48 hours. After 24 hours the medium and the various 
additions were replaced. After the culture in which the segments have been treated a 
little different is the two other steps exactly the same in all segments. 

The following additions were made to the different wells: 

 Segments were treated with 100 ng/mL IL-13 (diluted in PBS) or with addition 
of 3µL PBS as a control to evaluate the effects of IL-13 on airway smooth    
muscle contraction 

 Segments were pre-incubated with either 10µM ERK1/2 pathway inhibitor, 10 
µM P38-MAPK pathway inhibitor, or 10 µM JNK pathway inhibitor, for one 
hour. The JNK pathway inhibitor and ERK1/2 pathway inhibitor were first 
dissolved in DSMO and then diluted in DMEM. P38-MAPK pathway inhibitor 
was first dissolved in water and then diluted in DMEM. After one hour the 
segments were treated with100 ng/mL IL-13 to evaluate through which pathway 
IL-13 works. DMSO diluted in DMEM was used as a control.  

 Segments were pre-incubated with either 10 µM PI3Kγ pathway inhibitor or 3 
µL DMSO diluted in DMEM as control for 1 hours. Half of the segments 
treated with PI3Kγ pathway inhibitor and half of those treated with DMSO were 
than supplemented with 100 ng/mL IL-13. PI3Kγ pathway inhibitor was first 
dissolved in DSMO and then diluted in DMEM.   

 Segments were treated for one hour with 1 µM dexamethason (first diluted in 
DSMO and then in DMEM) or without any addition in DMSO for the control in 
order to evaluate if the IL-13 induced hyper-responsiveness could be suppressed 
by dexamethasone treatment. Half of the segments that were treated with 
dexamethasone and half of those that were treated with only DMSO (the 
controls) were than supplemented with 100 ng/mL IL-13.  
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Organ bath set up 

The force of the contraction from the airway smooth muscle was analyzed in a 
temperature-controlled (37°C) myograph (Organ Bath Model 700MO, J.P. Trading, 
Aarhus, Denmark) containing Krebs-Henseleit buffer solution (144mM Na+, 5.9mM 
K+, 2.5mM Ca2+, 1.2mM Mg2+ , 131.1mM Cl−, 1.2mM H2PO4−, 25mM HCO3

−, 11mM 
D-glucose and 0.03mM EDTA). The solution was continuously equilibrated with 5% 
CO2 and 95% O2 resulting in a pH of 7.4. The segments were mounted on the two L-
shaped metal prongs of the myograph. The length of the segment was then measured in 
the bath before the procedure started.  

 

In vitro pharmacology 

The trachea was stretched gradually to 0.8nN during one hour. To ensure survival after 
culturing, the segment was incubated with 60mM KCl for 15 min before the solution 
was washed out, figure 7. KCl forces the segment to maximum contraction. The tissue 
was then stretched and washed for 30 min and the procedure was repeated. Then, the 
tissue was let to rest for 30 min. After that period, the segments were incubated in 3 µM 
indomethacin and washed out after 5 minutes. Indomethacin is a non-specific COX-
inhibitor and thereby decreases the prostaglandin synthesis in the epithelial cell. The 
same amount of indomethacin was added again and after 30 min of incubation time a 
CCH concentration-effect curve was obtained. After another resting period of 30 
minutes, indomethacin was added in the same way as before and after incubation time 
of 10 minutes was the segments incubated with 1 µM of atropin. Atropin blocks the 
muscarinic AchR and thereby the effect of secondary mediated release by 5-HT of 
acetylcholine, which binds to the muscarinic receptor and cause contraction. After 30 
min of incubation a 5-HT concentration-effect curve was obtained.  
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Figure 7. Flowchart over In vitro pharmacology. 

 

Analysis and statistics  

Analysis of organ-bath traces was done with LabChart 7, Microsoft Excel 2010 and 
Graphpad Prism 5. Max (amplitude), LogEC50 were calculated and compared to 
control. T-test or One-way Dunnett’s ANOVA was performed to calculate statistics and 
significance. There are three degrees of significance, *(p≤0.05), ** (p≤0.01) and 
***(p≤0.005). The raw data were corrected for the lengths of all segments and 
baseline.   
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RESULTS 

 

CCH and 5-HT induced contraction after treatments with IL-13 and 

PBS  

Relative CCH response from IL-13 and PBS 

CCH is a cholinergic agonist and induces smooth muscle contraction. In Figure 8, the 
results of CCH induced contraction in segments cultured for two days in presence or 
absence of IL-13 are shown. As the figure shows, no difference in potency between 
CCH evoked contractions with or without IL-13 could be found.  
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                                    Figure 8.  CCH induced contraction of trachea cultured in 

two days with IL-13 or PBS.   

 

 

Table I. CCH induced contraction of trachea cultured in two days with IL-13 or PBS. 
Data are presented as mean ± SEM. Statistical analysis was performed with a Mann-
Whitney t-test. No significant difference was found. 

  N  pEC50 Emax (%) 

PBS 13   6.7 ±0.1  99.1±0.2  
IL-13 14   6.9 ±0.2 100±0.4 
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Absolute CCH response from IL-13 and PBS 

Figure 9 shows that there is not either any difference in potency or maximum 
contraction in absolute values from CCH induced contraction in segments cultured for 
two days in presence or absence of IL-13.  
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                                Figure 9. CCH induced contraction of segments 
 cultured  in two days with IL-13 or PBS.                                                                                                                                                   

 

Table II. CCH induced contraction of segments cultured in two days with  IL-
13 or PBS Data are presented as mean ± SEM. Statistical analysis was 
performed with a Mann-Whitney t-test. No significant difference was found. 

 

 

 

 

 

 

 

 

 

 

 N  pEC50 Emax (mN) 

PBS 13  6.7 ±0.1 6.5±0.7 
IL-13 14  6.9 ±0.2 8.9±1.3 



 19 

CCH induced contractions in the upper and lower part of trachea in presence or 

absence of IL-13 

Absolute CCH response from IL-13 and PBS of the upper and lower part of the trachea 
is shown in figure 10 A and B. There is a significant difference in the maximal 
contractions when looking only in the lower parts of the trachea. The standard error for 
the maximal contractions from segments treated with PBS was 6.9±1 and for IL-13 
treated segments 9.8±0.7, table III. This difference cannot be found in the upper part of 
the trachea. However, there is no difference in potency between the upper or lower part.  
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Figure 10.   CCH induced contraction of segments cultured in two days with IL-13 or PBS. A. 
Contractions in the upper part of the trachea.  B. Contractions in the lower part of the trachea.        

 

 Table III. CCH induced contraction of segments cultured in two days with                                     
IL-13 or PBS. Data are presented as mean ± SEM. Statistical analysis was performed                   
with a Mann-Whitney t-test.  

  N pEC50 Emax (mN) 

PBS upper 6   6.5±0.1 6.1 ±1.0  
IL-13 upper 6   6.6±0.2 7.6±2.9 
PBS lower 7  6.9±0.1 6.9±1.1  
IL-13 lower 8   7.1±0.3 9.8±0.7 * 
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Relative 5-HT response from IL-13 and PBS  

When challenging the segments with 5-HT a significant difference in potency 
compared to CCH was found, figure 11. IL-13 gives a stronger contraction to 5-HT 
then the control. The standard error for the maximal contractions from segments treated 
with PBS were 35.4±4 and 50.2±3 for the segments treated with IL- 13, table IV. 
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Figure 11. Serotonin induced contraction of segments cultured                                      
in two days with IL-13 or PBS. 

 

Table IV. Serotonin induced contraction of segments cultured in                                       
two days with IL-13 or PBS. Data are presented as mean ± SEM.                                                                                                                                
Statistical analysis was performed with a Mann-Whitney t-test.  

 

 

 

 

 

 

 

 

 

 

 

  N  pEC50 Emax (%) 

PBS 13   6.2±0.008 35.4±4.0 
IL-13 14   6.6±0.06** 50.2±3.0* 
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5-HT-induced contractions in the upper and lower part of trachea in presence or 

absence of IL-13 

Relative 5-HT response from IL-13 and PBS 

Figure 12 shows the relative 5-HT response from IL-13 and PBS for the upper and the 
lower part of the trachea. There are still differences in the potency when comparing 
only the lower part of the trachea, table V. This difference is not found in the upper part 
of the trachea. No significant difference in maximal contraction is found in upper or 
lower part. There is a trend of a stronger contraction in the upper part of the trachea.  
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 Figure 12.   Serotonin induced contraction of segments cultured in two days with IL-13 or PBS.         
A. Contractions in the upper part of the trachea. B. Contractions in the lower part of the trachea.   

 

Table V. Serotonin induced contraction of segments cultured in two days with IL-13 or PBS. 
Data are presented as mean ± SEM. Statistical analysis was performed with a Mann-Whitney 
t-test.  

 
 
N  pEC50 Emax (%) 

PBS upper 6   6.1±0.1  28.1±7.4  
IL-13 upper 6   9.4±0.09 49.2±6.1  
PBS lower 7  6.4 ±0.03  41.4±2.9 
IL-13 lower 8   6.7 ±0.08  50.9±3.0 
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Absolute 5-HT response from IL-13 and PBS 

The absolute values from 5-HT induced contractions show that there is a tendency for a 
switch in potency between IL-13 treated segment and PBS treated segment, figure 13 
and table VI. The contraction is still significantly higher in IL-13 treated segments 
compared to the control when reviewing the absolute values.  
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Figure 13. Serotonin induced contraction of segments cultured                                          
in two days with IL-13 or PBS. 

 

Table VI.  Serotonin induced contraction of segments cultured in two days with IL-
13 or PBS. Data are presented as mean ± SEM. Statistical analysis was performed 
with a Mann-Whitney t-test. 

  N  pEC50 Emax (mN) 

PBS 13   6.3 ±0.09  2.0±0.3 
IL-13 14   6.6 ±0.06  4.3±0.4 
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CCH and 5-HT induced contraction with IL-13 and ERK1/2 inhibitor, 

P38-MAPK inhibitor and JNK inhibitor. 

Relative CCH response in presence of IL-13 and pathway inhibitors  

The relative CCH response from segments cultured for two days with IL-13 and 
ERK1/2 inhibitor, P38-MAPK inhibitor and JNK inhibitor is shown in figure 14 and 
table VII. No switch in potency between the different inhibitors when challenged with 
CCH was observed.  
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Figure 14. CCH induced contraction of segments 
cultured for two days in presence of IL-13 and 
inhibitors to ERK1/2, JNK and P38. 

 

Table VII. CCH induced contraction of segments cultured for two 
days in presence of IL-13 and inhibitors to ERK1/2, JNK and P38. 
Data are presented as mean ± SEM. Statistical analysis was 
performed with ANOVA and Dunnett posttest. 

 
 

N  pEC50 Emax (%) 

IL-13 8   7.0±0.06 98.1±1.2 
ERK1/2 7  7.0±0.07 99.8±0.5 
JNK 8  7.0±0.1 98.9±0.3 
P38 7   7.1±0.04 99.1±0.6 
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Absolute CCH response in presence of IL-13 and pathway inhibitors  

Absolute CCH response from segments cultured for two days with IL-13 and ERK1/2 
inhibitor, P38-MAPK inhibitor and JNK inhibitor is shown in figure 15 and table VIII.  
No switch in potency or maximal contraction between the different inhibitors when 
challenged with CCH was found.  
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Figure 15. CCH induced contraction of segments cultured 
in two days with IL-13 and inhibitors of ERK1/2, JNK and 
P38. 
 

Table VIII. CCH induced contraction of segments cultured in two 
days with IL-13 and inhibitors of ERK1/2, JNK and P38. Data are 
presented as mean ± SEM. Statistical analysis was performed with 
ANOVA and Dunnett posttest. 

 
 

N  pEC50 Emax (mN) 

IL-13 8   7.0±0.06 9.2±0.7 
ERK1/2 7  7.0±0.07 6.2±1.0 
JNK 8  7.0±0.1 8.3±1.0 
P38 7   7.1±0.04 6.4±0.6 
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Relative 5-HT response of IL-13 in presence of pathway inhibitors  

Relative 5-HT response from segments cultured for two days with IL-13 and the 
ERK1/2 inhibitor, P38-MAPK inhibitor and JNK inhibitor is shown in figure 16 and 
table IX. None of the inhibitors reduced the maximum contraction sufficiently so that 
the difference could be due to chance. Neither there is any difference in the potency 
between the control and the segments treated with inhibitors. 
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Figure 16.  Serotonin induced contraction of segments cultured 
in two days with IL-13 and inhibitors of ERK1/2, JNK and P38. 

 

Table IX.  Serotonin induced contraction of segments cultured in two  days with 
IL-13 and inhibitors ERK1/2, JNK and P38. Data are presented as mean ±SEM. 
Statistical analysis was performed with ANOVA and Dunnett posttest. 

 
 

N  pEC50 Emax (%) 

IL-13 8   6.1±0.1  39.0±5.5 
ERK1/2 7  6.0±0.06  31.3±2.4 
JNK 8  5.9±0.1 27.5±4.8 
P38 7   6.2±0.09  50.4±7.3 
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Absolute 5-HT response with pathway inhibition and IL-13 

Absolute 5-HT response from segments cultured for two days with IL-13 and the 
ERK1/2 inhibitor, P38-MAPK inhibitor and JNK inhibitor, figure 17 and table X.  
None of the inhibitors reduced the maximum contraction sufficiently so that the 
difference could be due to chance. No difference in the potency between the control and 
the segments treated with inhibitors could be found. 
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Figure 17. Serotonin induced contraction of segments 
cultured for two days with IL-13 and inhibitors to 
ERK1/2, JNK, and P38. 

 

Table X.  Serotonin induced contraction of segments cultured for 
two days with IL-13 and inhibitors to ERK1/2, JNK and P38. Data 
are presented as mean ± SEM. Statistical analysis was performed 
with ANOVA and Dunnett posttest. 

 
 

N  pEC50 Emax (mN) 

IL-13 8   6.1±0.1  9.2±0.7 
ERK1/2 7  6.0±0.06  6.2±1.0 
JNK 8  5.8±0.2  8.3±1.0 
P38 7   6.2±0.09  6.4±0.6 
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CCH and 5-HT induced contraction of ASM with IL-13 and PI3kγ 
 

Relative CCH response with IL-13 and PI3kγ inhibitor 

Relative CCH response from segments cultured for two days in presence of IL-13 and a 
PI3kγ inhibitor is shown in figure 18. The PI3kγ inhibitor is not giving a difference in 
the potency, table XI. 
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Figure 18. CCH induced contraction of segments cultured 
in two days in presence of IL-13 and PI3Kγ inhibitor. 

 

Table XI. CCH induced contraction of segments cultured in two 
days with IL-13 and PI3Kγ inhibitor. Data are presented as mean ± 
SEM. Statistical analysis was performed with ANOVA and Dunnett 
posttest. 

  N  PEC50 Emax (%) 

DMSO 12   6.9±0.07 98.8±0.6 
IL-13 11  7.0±0.1 99.0±0.2 
PI3K IL-13 7  6.9±0.08 99.0±0.4 
PI3K 8   6.9±0.03 99.3±0.2 
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Absolute CCH response in presence of IL-13 and PI3kγ inhibitor 

Absolute CCH response from segments cultured for two days with IL-13 and PI3kγ 
inhibitor is shown in figure 19 and table XII. The PI3kγ inhibitor gives no switch in 
potency and does not reduce the maximal contraction from CCH. 
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Figure 19. CCH induced contraction of segments 
cultured in two days with IL-13 and PI3Kγ inhibitor. 

 

Table XII. CCH induced contraction of segments cultured in two days with 
IL-13 and PI3Kγ inhibitor. Data are presented as mean ± SEM. Statistical 
analysis was performed with ANOVA and Dunnett posttest. 

  N  PEC50 Emax (mN) 

DMSO 12   6.9±0.07 6.5±0.4 
IL-13 11  7.0±0.1 7.5±0.6 
PI3K IL-13 7  6.9±0.07 6.5±1.0 
PI3K 8   6.9±0.03 6.6±0.8 
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Relative 5-HT response with IL-13 and PI3kγ inhibitor 

Relative 5-HT response from segments cultured for two days with IL-13 and PI3kγ 
inhibitor, figure 20 and table XIII. The PI3kγ inhibitor does not give any switch in 
potency or reduce the maximal contraction from 5-HT. 
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Figure 20. Serotonin induced contraction of 
segments cultured in two days with IL-13 and 
PI3Kγ inhibitor. 

Table XIII. Serotonin induced contraction of segments cultured in two days 
with IL-13 and PI3Kγ inhibitor. Data are presented as mean ± SEM. Statistical 
analysis was performed with ANOVA and Dunnett posttest. 

  N  PEC50 Emax (%) 

DMSO 12   5.8±0.2 32.0±4.0 
IL-13 11  6.3±0.1 40.4±5.3 
PI3K IL-13 7  5.9±0.08 37.5±5.8 
PI3K 8   6.0±0.1 39.3±2.5 
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Absolute 5-HT response of IL-13 in presence of PI3Kγ inhibitor 

Absolute 5-HT response from segments cultured for two days with IL-13 in presence of 
PI3Kγ inhibitor, figure 21 and table XIV. The PI3kγ inhibitor does not give switch in 
potency or decrees the maximal contraction from 5-HT. 
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Figure 21. Serotonin induced contraction of segments 
cultured for two days with IL-13 and PI3Kγ inhibitor.  

 

Table XIV.  Serotonin induced contraction of segments cultured in two 
days with IL-13 and in presence of PI3Kγ inhibitor. Data are presented as 
mean ± SEM. Statistical analysis was performed with ANOVA and 
Dunnett posttest. 

  N  PEC50 Emax (mN) 

DMSO 12   5.8±0.2 2.1±0.3 
IL-13 11  6.3 ±0.1 3.2±0.5 
PI3K IL-13 7  5.9±0.08 2.7±0.6 
PI3K 8   6.0±0.1 2.6±0.4 
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CCH and 5-HT induced contraction of ASM after treatment with  IL-

13 and/or dexamethasone  

Relative CCH response with IL-13 and/or dexamethasone treatment. 

Figure 22 shows relative CCH response from segments cultured for two days in 
presence of IL-13 and/or dexamethasone. The relative value is normalized against its on 
contraction. There is no difference in potency between CCH evoked contractions in 
tracheas that have been cultured in two days with IL-13 and the dexamethasone 
treatment, table XV. 
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 Figure 22. CCH induced contraction of segments cultured in two days 

with IL-13 and/or dexamethasone. 

 

Table XV. CCH induced contraction of segments cultured in two 
days with IL-13 and/or dexamethasone. Data are presented as mean ± 
SEM. Statistical analysis was performed with ANOVA and Dunnett  
posttest.  

  N  PEC50 Emax (%) 

IL-13 12   6.9±0.09 99.1±0.2 
Dex IL-13 11  7.1±0.1 99.7±0.3 
Dex  7  6.9±0.05 98.9±0.2 
DMSO 8   7.0±0.05 99.2±0.4 
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Absolute CCH response from segments cultured for two days with IL-13 and 

dexamethasone treatment. 

The absolute values showed no difference in potency or maximum contraction absolute 
values, between IL-13 treated segments and controls, figure 23 and table XVI. 
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Figure 23. CCH induced contraction of segments 
cultured in two days with IL-13 and/or dexamethasone 
treatment. 

 

Table XVI. CCH induced contraction of segments cultured in two 
days with IL-13 and/or dexamethasone treatment. Data are presented 
as mean ± SEM. Statistical analysis was performed with ANOVA and 
Dunnett posttest 

  N  PEC50 Emax (mN) 

IL-13 12   6.9±0.09  7.1±0.9 
Dex IL-13 11  7.2±0.09 7.1±0.9 
Dex  7  6.9±0.06 7.3±0.7 
DMSO 8   7.0±0.06 6.2±0.6 
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Relative 5-HT response from IL-13 and/or dexamethasone treatment 

5-HT induced contraction with IL-13 and dexamethasone treatment, figure 24 and table 
XVII.  It seems that dexamethasone is decreasing the contraction due to 5-HT. There 
are unfortunately no significant differences in the maximal contraction and no switch in 
potency.  
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Figure 24. Serotonin induced contraction of segments cultured in 
two days with IL-13 and/or dexamethasone treatment. 

 

Table XVII. Serotonin induced contraction of segments cultured in 
two days with IL-13 and/or dexamethasone treatment. Data are 
presented as mean ± SEM. Statistical analysis was performed with 
ANOVA and Dunnett posttest  

  N  PEC50 Emax (%) 

IL-13 12   6.4±0.09 35.6±3.9 
Dex IL-13 11  6.2±0.1 28.8±3.2 
Dex  7  5.9±0.04 18.9±3.0 
DMSO 8   6.1±0.06 25.8±4.9 
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Absolute 5-HT response from IL-13 and/or dexamethasone treatment 

The absolute values from 5-HT induct contractions from segments cultured for two 
days with IL-13 and/or dexamethasone treatment, figure 25. There are no significant 
differences in the maximal contractions or switch in potency, table XVIII. 
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Figure 25. Serotonin induced contraction of segments 
cultured in two days with IL-13 and dexamethasone 
treatment.    

Table XVIII. Serotonin induced contraction of segments cultured in two 
days with IL-13 and dexamethasone treatment. Data are presented as 
mean ± SEM. Statistical analysis was performed with ANOVA and 
Dunnett posttest. 

  N  PEC50 Emax(mN) 

IL-13 12   6.4±0.1  2.8±0.5 
Dex IL-13 11  6.2±0.1 2.1±0.3 
Dex  7  5.9±0.04 1.5±0.3 
DMSO 8   6.1±0.06 1.8±0.5 
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DISCUSSION   
 

Tliba et al. postulated that IL-13 enhances KCl and CCH induced contraction of mouse 
trachea after two days of culturing [20]. Cultivation of organs provides an increased 
expression of inflammatory meditated receptors, and is hence a good inflammation 
model. However, earlier experiments in our lab could not find evidence for this theory. 
In this work, these experiments were repeated but under more controlled conditions and 
again we could verify our earlier results, figure 8-9 and table I-II.  

However, we began to suspect that different reaction patterns might exist in different 
parts of the trachea. Therefore, we continued our studies of CCH induced ASM 
contraction of IL-13 treated segments by separately studying the response of the upper 
and the lower parts of the trachea. From the obtained absolute values, it was then 
possible to reveal an enhanced CCH induced contraction of IL-13 treated segments of 
only the lower part of the trachea, figure 9-10 and table III-IV.  These results indicate 
that IL-13 does not increase a general contractility of the trachea. But because the 
response to 5-HT is related to its own individual maximal contraction to CCH we have 
in a way corrected for the confounding factor that IL-13 is able to enhance the general 
contractility of the tissue. 

Serotonin induced contraction, related to maximal CCH contraction, shows that IL-13 
treatment of trachea segments results in a greater contraction than for the control, figure 
11.  There is also a clear difference in the absolute values, figure 13. When comparing 
the response from the upper and lower parts of trachea, figure 12, no significant 
difference is observed but a trend in stronger contraction is seen for the lower part. A 
shift in potency was observed between the control and the IL-13 treated segments, 
which means that control segments need a higher concentration of 5-HT to generate the 
same amount of force as the IL-13 treated segments. 

The increased sensitivity to serotonin in IL-13 treated segments can eventually depend 
on Ca2+ oscillations. Moyanihan  et al. draw the conclusion that “low concentrations of 

IL-13 augment histamine-induced calcium transients in human ASM through 

coordinate actions of JNK and ERK signalling pathways, modulating the response 

downstream of the receptor “ [20]. The importance of these two pathways as well as 
the P38 pathway was thus evaluated in this study.  

In order to evaluate through which signalling pathway IL-13 works, inhibitors to 
ERK1/2, P38 and JNK, respectively, were added to the segments before treatment with 
IL-13. No switch in potency or difference in maximal contraction between the different 
inhibitors was statistically significant when the segments were induced by CCH or 
serotonin, figure 14-17 and table VII –X. 

Although no statistical significance was found in these studies, an increase in number 
of segments could eventually have given that.  Due to the fact that differences were 
observed for the upper and lower parts of the trachea, it seems necessary to increase the 
number of segments to obtain safe results. Eight to ten segments should be enough to 
verify differences in this type of experiment. If the number of segments were increased 
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in the study with ERK, JNK and P38 is it likely that P38 could be excluded as a 
possible pathway. JNK and ERK are pathways that should be investigated in a more 
controlled way according to the work of Moyanihan  et al.[21].  

Jiang  et al. suggested that IL-13 is enhancing the contractility to 5-HT through the 
PI3Kγ pathway by modulating Ca2+ oscillations[22].  No evidence or indications that 
support this theory could be found in this study as CCH and 5-HT induced contraction 
of ASM of IL-13 treated segments did not give any switch in potency or reduced the 
maximal contraction in presence compared to absence of PI3kγ inhibitor, figure 18-21 
and table XI- XIV.  

Dexamethasone is an anti-inflammatory drug that has shown to inhibit transcription of 
the IL-13 gene. In this work we would like to study if it also could block the effect of 
IL-13 on contraction. CCH and 5-HT induced contraction of ASM after IL-13 and/or 
dexamethasone treatment did however not show any significant differences in the 
maximal contractions or switch in potency, figure 22-25 and table XV-XVIII.  

Zhao et al. studied the effect of IL-13 on 5-HT in jejunum. They found an enhanced 
contractility to 5-HT from IL-13, but also an upregulation of the receptor 5-HT2A. It is 
suggested that the upregulation of this receptor is a protection against worms as the 
increased contraction results in a rapid elimination [13].   

As we have observed that an increased contraction to 5-HT after stimulation with IL-
13, it would be interesting to investigate whether our observation also can be explained 
with an increase in receptors. This will be the next step in this study. 

 

Conclusion 

A more enhanced CCH induced contraction of IL-13 treated segments was obtained for 
the lower part compared to the upper one of the trachea.  Moreover, an increased 
concentration of IL-13 in the airway enhances the reactivity in the ASM to 5-HT in 
mice. The pathway from with IL-13 exerts its effect could not be completely 
determined but has to be further investigated. 
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