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Abstract 

Inflammatory bowel disease (IBD) is a group of chronic disorders characterized by a progressive 

inflammation in the intestinal mucosa. Exactly what underlies the development of IBD is still 

unknown, but the intestinal microbiota is thought to play a key role, along with the host immune 

system and genotype. There are different approaches to treating IBD. Prebiotics have been shown to 

improve symptoms in IBD patients. In this study it was investigated whether treatment with 

prebiotics (bilberries) could ameliorate a low-grade inflammation induced by a high fat diet by 

altering the expression of inflammatory cytokines and the recruitment of inflammatory cells. Our 

results may indicate an increased activity in both pro- and anti-inflammatory markers in the 

combination of bilberries and a high fat diet, but the results need further investigation since the high 

fat diet did not induce any inflammation. Probiotics have been shown by numerous studies to 

contribute to the protection of inflamed intestinal tissue by stimulating the host immune system as 

well as inhibiting invasion of pathogens. The effects of probiotics are strain-specific and two certain 

strains of Lactobacillus reuteri (4659 and R2LC) have been shown to decrease the disease activity 

index in mice with dextran sodium sulphate (DSS) induced colitis. In this study we investigated 

whether these protective effects are due to alterations in the expression of junction proteins in the 

colonic epithelial cells. Our results are not unanimous, but they indicate that the decrease in disease 

activity is not due to an up-regulation of junction proteins. Investigating the effects of treatments like 

these two (pre- and pro-biotics) can provide more insight into the pathogenesis of the inflammatory 

bowel diseases, as well as into new putative treatments.  

 

Sammanfattning 

Inflammatorisk tarmsjukdom (IBD) är ett samlingsnamn för en grupp av kroniska sjukdomar som 

kännetecknas av en progressiv inflammation i tarmslemhinnan. Exakt vad som ligger bakom 

utvecklingen av IBD är fortfarande okänd, men tarmfloran tros spela en nyckelroll tillsammans med 

patientens immunsystem och genotyp. Det finns olika sätt att behandla IBD. Prebiotika har visat sig 

lindra symtom hos IBD-patienter. I denna studie undersöktes om behandling med prebiotika (blåbär), 

genom att påverka uttrycket av inflammatoriska cytokiner och rekrytering av inflammatoriska celler, 

kunde lindra en låggradig inflammation orsakad av högfettsdiet. Resultaten visar möjligen på ett ökat 

uttryck av både pro-och anti-inflammatoriska markörer vid en kombination av blåbär och en fettrik 

kost, men resultaten behöver utredas ytterligare då den fettrika kosten inte inducerade någon 

inflammation. Probiotika har i många undersökningar visats bidra till att skydda en inflammerad 

tarmvävnad genom att stimulera immunsystemet, samt hämma invasion av patogener. Probiotikans 

effekter är beroende av vilken bakterie som används. Två olika sorters Lactobacillus reuteri (4659 och 

R2LC) har visats minska sjukdomsaktiviteten hos möss med DSS inducerad kolit. I denna studie 

undersöktes huruvida dess skyddande effekter beror på förändringar i uttrycket av junction-

proteiner i epitelcellerna i kolon. Våra resultat är inte entydiga, men de indikerar att den minskade 

sjukdomsaktiviteten inte beror på ett ändrat uttyck av dessa proteiner. Att undersöka effekten av 

behandlingar som dessa två (pre- och pro-biotika) kan ge ökad kunskap om patogenesen för 

inflammatorisk tarmsjukdom, samt om nya behandlingsmetoder. 
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Abbreviations 

AJ Adherence junction 

BB Bilberries 

CD Crohn’s disease 

DAI Disease activity index 

DSS Dextrane sodium sulphate 

FCS Fetal calf serum 

HFD High fat diet 

IBD Inflammatory bowel disease 

IL Interleukin 

JAM-A Junction adhesion molecule 

LFD Low fat diet 

MM Master mix 

PBS Phosphate buffer serum  

PLZF Promyelocytic leukemia zinc finger  

SEM Standard error of the mean 

TJ Tight junction 

TNF Tumor necrosis factor 

UC Ulcerative colitis 
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Introduction 

Inflammatory bowel disease (IBD) 

IBD is a complex, chronic inflammatory condition that can affect the entire gastro-intestinal tract as 

well as only the colonic mucosa. It is characterized by a progressive inflammation (Kaser et al., 2010), 

an altered gut permeability, mucosal inflammation and ulcerations (Gareau et al., 2010). IBD is 

divided into two different forms, Crohn’s disease (CD) and ulcerative colitis (UC). UC is accompanied 

by a severe inflammation, localized to the colon mucosa, and the production of several inflammatory 

mediators. This is followed by the development of superficial mucosal ulcerations in the colon. 

Another common feature in UC is the depletion of goblet cell mucin. CD can affect any part of the 

gastro intestinal tract, but the most common site for the lesions to occur is over Peyer’s patches in 

the terminal ileum and colon (Xavier and Podolsky, 2007). 

The cause of IBD has not yet been completely established, but it is likely to have a genetic 

background and it seems to involve both immune responses and environmental factors, e.g dietary. 

However, the most important environmental factor in IBD seems to be the intestinal microbiota. This 

is supported by the observation that IBD does not develop in germ-free animals (Kaser et al., 2010). It 

is difficult to fully understand the diversity of the gut microbiota, since around 80% of the detected 

species are unculturable. This leaves the function of most gut bacteria yet unknown. However, it has 

been shown that commensal gut bacteria facilitate numerous processes, such as digestion, 

absorption and storage of nutrients. They also protect against pathogens by secreting antimicrobial 

substances and by competing for nutrients (Reiff and Kelly, 2010). It is also believed that the 

microbiota can have a great impact on the host’s immune system resulting in an inappropriate 

inflammatory response (Kaser et al., 2010). This can occur when there is a loss of tolerance to 

antigens in the commensal microbiota, which, in turn, could be the consequence of a defect on the T-

cell level (Boirivant et al., 2008). The microbiota has important effects on the innate and adaptive 

immune pathways, and if there is a disruption of the balance between them it could lead to IBD 

(Kaser et al., 2010). Even though the general idea is that the cause of IBD involves an aberrant 

immune response to the commensal gut microbiota, the idea of the involvement of a pathogen has 

not been fully ruled out (Reiff and Kelly, 2010).  

There are different approaches to ameliorate IBD. Two of these are the use of prebiotics and 

probiotics. Prebiotics are non-digestible food components with a selective metabolism that can 

benefit the health of the individual through stimulating growth and/or the activity of colonic 

bacteria. Probiotics are live microbes that benefit health through e.g. stimulation of immune function 

(Macfarlane et al., 2009). This study is divided into two parts: part I focuses the role of prebiotics in 

treating IBD, and in part II on the role of probiotics. 
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Inflammatory markers 

Macrophages play important roles in both the host’s innate and adaptive immunological responses. 

They are also important in inflammatory responses and in the repair and remodeling of tissue. 

Macrophages arise from bone marrow and remain in the circulation as monocytes for a while before 

migrating into the tissue for differentiation. Circulating monocytes can be recruited to the intestine 

during an active IBD (Mahida, 2000), and previous studies have shown that the amount of 

macrophages increases with the severity of the inflammation (Rugtveit et al., 1994). Macrophages 

can be induced to change into two different activation states by certain environmental factors. In 

these different states they express different surface markers, metabolic enzymes and can even 

change their chemokine expression patterns. The two different states are designated M1 and M2. 

The M1 state is induced by various pro-inflammatory molecules, and these macrophages will be 

activated towards an increased pro-inflammatory cytokine production. The M2 state is induced by 

other molecules, and these macrophages will have a lower production of pro-inflammatory cytokines 

and instead have an enhanced production of anti-inflammatory cytokines, such as IL-10 (Lumeng et 

al., 2007). Macrophages in these two different states both express the surface marker CD68 (Ma et 

al., 2010), so the expression of CD68 in the colon may indicate the general level of  inflammation in 

this tissue. However, this will not depict the ratio of M1 and M2, respectively. 

Pro-inflammatory macrophages M1 rapidly induce immune responses by secreting pro-inflammatory 

cytokines, such as interleukin 6 (IL-6) and tumor necrotic factor α (TNF-α). TNF-α is involved in 

responses with macrophage activation and granuloma formation, and analyses of inflamed gut 

mucosa from patients with UC and CD have shown an increased expression of TNF-α (Sartor, 1994). 

IL-6-production by intestinal macrophages and CD4+ T-cells has been shown to be elevated in 

patients with IBD. There are many different cells expressing the IL-6 receptor, and IL-6 therefore has 

many ways of exerting its pro-inflammatory effects, often in combination with other cytokines 

(Atreya and Neurath, 2005). The expression of both these pro-inflammatory markers will therefore 

provide further information about the inflammation-level in the colon. 

Interleukin 10 (IL-10) is an anti-inflammatory cytokine produced by several cell types, including M2  

macrophages (Lumeng et al., 2007), in which it inhibits the antigen-presenting function as well as the 

production of various pro-inflammatory cytokines, such as IL-6 and TNF-α (de Waal Malefyt et al., 

1991). IL-10 is expressed in intestinal epithelial cells and has been found to play an important role in 

the maintenance of a non-inflammatory immune status in a normal intestine. However, in the 

inflamed gut in both CD and UC the number of cells producing IL-10 is significantly increased 

(Autschbach et al., 1998). Consequently, the expression of this marker indicates the health status of 

the proximal colon. 
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Regulatory T cells (Tregs) play a very important part in maintaining the homeostasis of the immune 

system. These cells are characterized by their high expression of the transcription factor Foxp3 

(Zheng and Rudensky, 2007). One specific feature of the Tregs in the intestine is their ability to 

produce the anti-inflammatory cytokine IL-10, especially in the colon. The development and activity 

of Tregs is tightly linked to the inflammatory response. On one hand, the effect of the Tregs needs to be 

controlled so that the immune response can proceed. On the other hand Tregs also need to keep up 

with the immune response to restore its balance when the inflammation is no longer needed.  As a 

consequence of the ongoing inflammation it has been shown that the number of Tregs seem to be 

increased in patients with IBD (Izcue et al., 2009). It can therefore be of interest to investigate the 

expression of Foxp3 in our rats and see if our diets have had an impact on these immune cells. 

Another unique subpopulation of T cells has recently been suggested to have an important role in 

the innate immunity. These cells are called invariant natural killer T (iNKT) cells, and are 

characterized by the expression of both NK receptors and an invariant T cell receptor with an α-chain 

encoded by the gene segments Vα24-Jα18 in humans. These invariant receptors have the ability to 

recognize endogenous or exogenous glycolipid antigens presented on the MHC class I-like CD1-d 

molecules. iNKT cells have been proven to have several functions during an immune response: they 

can elicit a robust response marked by proliferation, increased cytotoxic activity and secretion of 

various cytokines and chemokines. iNKT cells can also both kill and influence the behavior of many 

different cell types (Matsuda et al., 2008). It is also believed that iNKT cells may have regulatory 

functions in maintaining homeostasis in the intestine, since it has been shown that activation of iNKT 

cells may play an important role in the outcome of murine IBD models. Studies have also shown that 

the absence of iNKT cells exaggerate the inflammation in the colon following DSS induced IBD 

(Yoshioka et al., 2012). In our study we have quantified the expression of promyelocytic leukemia 

zinc finger (PLZF), which is a transcription factor characteristically expressed by iNKT cells (Thomas et 

al., 2011) 

Part I 

Prebiotics 

Bilberries (Vaccinium myrtillus) as a supplemented prebiotic have been shown to improve symptoms 

in patients with IBD. It is believed that anthocyanins in bilberries contribute to the anti-inflammatory 

effect, partly by reducing the secretion of inflammatory mediators in IBD. Previous studies indicate 

that bilberry supplements might have a protective effect on dextrane sodium sulphate (DSS)-induced 

acute colitis in mice (Piberger et al., 2011). A more low-grade inflammation however could possibly 

be induced by a high-fat diet. It is known that a high-fat diet can lead to obesity, and that obesity in 

fact is associated with a low-grade systemic inflammation (de La Serre et al., 2010). In this study we 

have investigated whether a high-fat diet induces a low-grade inflammation in rats and if this is 

prevented by the addition of bilberries to the diet. 
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Part II 

Epithelium 

The gastro intestinal tract is lined with a single layer of columnal intestinal epithelial cells, which are 

held together by intercellular junctions. These cells, along with mucus and secreted soluble 

molecules secreted by them (Gassler et al., 2001) form a barrier with the main function to separate 

the interstitium from the luminal content. To fulfill its function this barrier needs to be permeable for 

macromolecules and nutrients, as well as provide a barrier to microorganisms and harmful 

macromolecules to prevent them from entering the body (Laukoetter et al., 2008). In a healthy state 

the epithelial cell-responses towards commensal bacteria are controlled by host-derived feedback 

mechanisms. During chronic inflammation however, these protective immune signals are 

deregulated (Reiff and Kelly, 2010). 

Junction proteins 

There are different proteins holding the epithelial cells together, and also playing an important role 

in regulating the barrier properties. The most important proteins complexes for regulating the 

movement of fluid between the epithelial cells are the tight junctions (TJs), which are located at the 

apical end of the lateral intracellular space. These are composed of both transmembrane and 

intracellular molecules. Two important proteins in these complexes are Occluding and Junction 

adhesion molecule-A (JAM-A). TJs play a crucial role in regulating the transport of electrolytes and 

water across the epithelium, as well as in preventing leakage from the gut lumen (Laukoetter et al., 

2008). Recent evidence also suggests that TJs may have a role in cell proliferation, migration, and 

differentiation (Farkas et al., 2012). The highly dynamic structure of TJs allow them to help regulating 

certain physiological processes, such as the glucose uptake, and they can quickly undergo regulatory 

changes in response to inflammatory mediators. In IBD an altered structure of the TJs, followed by a 

changed epithelial permeability, has been observed (Laukoetter et al., 2008). This can allow the 

passage of microbial antigens in to the underlying immune tissue. It is however being discussed 

whether disrupted TJs are a consequence or a cause of IBD (Ohland and Macnaughton, 2010). 

JAM-A proteins are localized at intercellular contacts of epithelial and endothelial cells. They are 

linked to scaffolding proteins in the cytoplasm, which in turn links JAM-A functionally to the 

cytoskeleton and to different intracellular signaling pathways involved in cell polarity, growth, 

differentiation, migration and angiogenesis (Laukoetter et al., 2007). JAM-A, along with other TJ 

proteins such as Occludin, has been shown to be down-regulated in patients with IBD. However, the 

mechanisms for this are still unknown. Depletion of JAM-A in hepatocytes, as well as in human 

intestinal epithelial cell lines, demonstrated a delocalization of other junction proteins followed by a 

dramatic change in cell morphology, loss of polarity, and enhanced paracellular permeability. While 

the lack of JAM-A increases intestinal permeability and reduce transepithelial resistance, the lack of 

Occludin does not affect the epithelial barrier functions (Vetrano and Danese, 2009). However, in 

vitro studies have shown that Occludin may function as a signaling molecule and regulate epithelial 

barrier function. The general belief is that there may be mechanisms compensating for a lack of 

Occludin (Farkas et al., 2012). Colitic JAM-A null mice have also shown a widespread apoptosis in the 

colonic mucosa (Vetrano and Danese, 2009). 
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Apart from TJs there are other junction complexes, important for cell-cell recognition as well as in 

mediating intercellular associations. These are the adherence junctions (AJs). These complexes are 

found directly beneath the TJs. AJs and TJs are collectively referred to as the Apical Junction 

Complex, as they are linked in both their function and regulation (Laukoetter et al., 2008). An 

important AJ protein is E-cadherin. This is a transmembrane protein with a cytoplasmic domain that 

interacts with another group of proteins, catenins, which links E-cadherin to the cytoskeleton 

(Karayiannakis et al., 1998). E-cadherin has been shown by numerous studies to be disrupted in 

patients with IBD (Vetrano and Danese, 2009). However, it seems as if the disruption only occurs in 

areas with ulcerations. Non-ulcerated mucosa has normal (Karayiannakis et al., 1998), or maybe even 

up-regulated (Demetter et al., 2000), E-Cadherin distribution. 

Probiotics 

Data from several studies indicate that luminal bacteria are somehow involved in mucosal 

inflammation and the changes in the intestinal barrier function in IBD, especially UC.  The direct 

adherence of bacteria to the intestinal mucosa, while the mucus layer’s protective function seems to 

be disrupted, is something that often accompanies intestinal inflammation. Probiotics, such as 

lactobacilli, is showing promising results in the treatment of UC (Laukoetter et al., 2008). One of the 

strongest evidence for this is the clinical trials with the probiotic VSL#3, a cocktail consisting of eight 

different lactic acid bacteria, which has been shown to reduce inflammation in patients with UC. 

However, there is not as much evidence indicating the effectiveness of probiotics in treating CD (Reiff 

and Kelly, 2010). Previous work from our group indicates that treating mice with DSS-induced colitis 

with either of the Lactobacilli stains 4659 or R2LC can reduce both the disease activity index (DAI) 

and the production of pro-inflammatory cytokines. 

Probiotic agents are thought to contribute to the protection of the inflamed intestinal tissue in two 

general ways:  they can compete for binding sites and thereby inhibit attachment, invasion and 

growth of the bacteria. They can also stimulate the mucosal immune system to an enhancement of 

the barrier function as well as an increased production of anti-inflammatory cytokines (Laukoetter et 

al., 2008). Studies have shown that probiotics might enhance the mucosal barrier function by 

modulating processes involved in the barrier formation, such as up regulation the expression of 

mucins, defensins or proteins associated with TJs (Reiff and Kelly, 2010). 

Probiotics have been shown by numerous studies to be effective in the treatment of IBD, however, 

the underlying mechanism for this is not fully understood. It is known that probiotics have a species 

and strain specific mode of action, so the choice of an appropriate organism for an effective probiotic 

treatment is important. Not until the most appropriate organism for the treatment of a specific 

disease is found, and the underlying mechanisms for the probiotic action is understood, can the 

effectiveness of the treatment be fully evaluated (Reiff and Kelly, 2010).  

Aim 

The aim of this paper is to investigate two different approaches to treating Inflammatory bowel 

disease.  The first approach is to evaluate, by measuring inflammatory markers in rat colon, whether 

the addition of bilberries (prebiotics) to the diet can reduce a low-grade inflammation caused by a 

high-fat diet. The second approach is to evaluate the protective effect of two strains of L. Reuteri 

(probiotics) on the gut mucosal epithelium in mice with DSS-induced colitis. 
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Materials and methods 

Part I 

Animal samples 

31 male Sprague-Dawley rats weighing between 280-350 g were used. The animals were kept under 

standardized living conditions (room temperature of 21-22°, 12 h of light/darkness cycle, free access 

to food and water) at the Animal Department at the Biomedical Center, Uppsala Sweden. The 

animals were divided into 4 different groups, and were supplemented four different powder diets: 

low fat diet (LFD) (n=8), high fat diet (HFD) (n=8) , low fat diet together with bilberry extract (LFD+BB) 

(n=7), and high fat diet with bilberry extract (HFD+BB) (n=8). The diets were supplemented for 8 

weeks before the animals were euthanized, and the proximal colon was removed and stored at 

-70°C.  The frozen tissue was cut into pieces of 50-150 mg. A sample of the spleen from a rat on HFD 

was prepared to be used as a control in the primer validation. The spleen was used since all the 

blood cells pass through it, so we are sure to have an expression of the genes of interest. This tissue 

is therefore optimal as a positive control. 

RNA preparation 

The RNA from the tissue samples was isolated using TRIzol (Invitrogen). TRIzol is a ready-to-use 

reagent for the isolation of total RNA from cells and tissues. To homogenize the tissue it was put in 1 

ml TRIzol in tubes containing 1.2-1.6 mm lysing matrix D ceramic beads (MP Biomedicals). During the 

homogenization TRIzol maintains the integrity of the RNA while disrupting cells and dissolving cell 

components. The samples were run in the FastPrep FP120 Cell Disrupter (Thermo Scientific), which 

shakes the tubes vigorously to dissolve the tissues. The FastPrep was run at speed 6 for 45 seconds to 

homogenize the tissue. This disruption procedure was repeated two or three times to completely 

homogenize the tissue. Between the runs the samples were cooled on ice for 1 minute to avoid RNA 

degradation. When all the samples had been homogenized they were cooled on ice for 5 minutes to 

permit the complete dissociation of nucleoprotein complexes. To acquire a phase-separation 200µl 

chloroform was added to each sample. The samples were vortexed for 15 seconds to thoroughly mix 

the components, after which they were incubated in room temperature for 3 minutes. After 

incubation the samples were centrifuged at 4°C and 12.000 x g for 15 minutes to separate the 

solution into a lower red, phenol-chloroform phase (organic phase), an interphase, and a colorless 

upper aqueous phase. RNA remains exclusively in the aqueous phase. 560 µl of the RNA-containing 

aqueous phase was transferred to new, labeled and PCR-clean tubes. The RNA was precipitated from 

the aqueous phase through the addition of 500µl 2-propanol, followed by a 30-minute incubation on 

ice. The samples were then centrifuged for 10 minutes at 4 °C and 12,000 x g to produce a pellet. The 

2-propanol was removed and the pellet was washed in 1 ml 75% ethanol to remove phenol and 

TRIZOL residues which could otherwise act as PCR inhibitors. The sample was centrifuged for 5 

minutes at 4 °C and 7.500 x g to produce a new pellet. The ethanol was removed and each pellet was 

dissolved in 70-100 µl RNase-free DEPC water to achieve RNA and DNA in solution. The samples were 

run in a NanoDrop 2000 (Thermo Scientific) to control the concentration and purity of the RNA. 

Based on these measurements the samples were diluted to a concentration of 0.1-0.6 µg/µl, the 

optimum concentration for cDNA synthesis. 
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cDNA synthesis 

For cDNA synthesis 1 µg RNA per each sample was used and mixed with the correct volume of water 

to achieve a volume of 13.2 µl. A master mix (MM) for the synthesis was prepared using 2 µl 10x RT 

buffer, 0.8 µl 25x dNTPs, 2 µl Random primers, 1 µl Multiscribe RT and 1 µl RNase inhibitor to achieve 

a volume of 6.8 µl of MM per sample. The 13.2 µl of RNA solution was mixed with 6.8 µl of MM to 

achieve a total volume of 20 µl for each sample. cDNA synthesis was performed on the 2720 Thermal 

cycler (Applied Biosystems) according to instructions by the supplier of the High Capacity cDNA kit 

(Applied Biosystems). 

Real-Time qPCR 

Real-Time quantitative polymerase chain reaction (Real-Time qPCR) was performed to detect the 

relative expression for each specific gene. To be able to detect the amplified product, SsoFast 

EvaGreen supermix (Bio-Rad) was used for both the primer validation and the qPCR.  SsoFast 

Evagreen is a conventional mastermix containing essential ingredients for PCR and a fluorophore 

which binds to dsDNA and emits fluorescence when bound to the minor groove of the DNA molecule. 

The reactions were run on the MyIQ2 Real-Time PCR system (Bio-Rad).  

Primer validation 

Primers are validated to make sure that they efficiently amplify one nucleotide sequence product 

and correspond to the relative level of mRNA for one specific gene. The primers used in this 

experiment (Table 1) are exon-spanning primers. These are used to avoid the risk of having genomic 

DNA amplified in the qPCR. Exon-spanning primers span over two exons. Hence the primers will only 

work when the introns between the two exons have been spliced out and the two exons have been 

spliced together in the mRNA. Since DNA contains introns the exon spanning primers will not work 

on DNA. Thus, the exon-spanning primers will only amplify cDNA, created from mRNA. cDNA 

constructed by mRNA from the positive control tissue  was used. One qPCR mastermix (MM) per 

primer pair was prepared by using 167 µl DEPC water, 220 µl SsoFast EvaGreen (Bio-Rad), 4.4 µl 

forward primer and 4.4 µl reverse primer for each MM. 20 µl of the cDNA samples was mixed with 

180 µl DEPC water to a total volume of 200 µl. The samples were run on a 96-well plate, and every 

sample was run in a duplicate to get a more accurate result. To each well 18 µl of the appropriate 

MM and 2 µl of the positive control cDNA sample was added, after which a qPCR reaction was 

performed. Each primer was run in a temperature interval between 55-60°C to find the optimal 

annealing temperature. For each validated primer pair an amplification curve as well as a melting 

curve was obtained.  
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Fig.1 shows the amplification curve for the primer pair CD68 F2R2. This curve shows the mRNA 

expression of the amplified CD68 gene.  The Y-axis shows the Relative Fluorescent Unit, i.e. the 

relative amount cDNA bound by the fluorescent marker. The X-axis shows the number of PCR-cycles. 

The generated curve has both an exponential phase (when the cDNA is amplified), and a lagging 

phase (when there are no more nucleotides). To be able to compare this primer pair to others, a Ct-

value is set manually (see Data processing below). 

 

The above melting curves were obtained from the primer validation. The curve for Foxp3 primer pair 

F2R2 (fig. 2) indicates that this primer pair may not be functioning optimally. The highest peak 

(visualizing the amount of product) is split into two peaks. This indicates that the primers, in addition 

to the target product, have also amplified a second product. This makes the primers unspecific. The 

small peaks before the main peak indicate the presence of primer dimers, which is when the primers 

bind to each other and create short but detectable double-stranded DNA. This makes the primers 

less efficient since this DNA will also be amplified and therefore compete with the target DNA for 

reagents. The small peak after the main peak is the indication of genomic DNA in the sample. This 

should however be prevented by the use of exon-spanning primers. According to the discussed 

parameters the efficiency of the primers are thus validated. Table 1 below presents the validated 

primers ready for Real-Time qPCR analysis. For example, Foxp3 F1R1 was selected over F2R2 since 

this pair is more specific and does not form primer dimers. 

Figure 1. Amplification curve 

(CD68 F2R2). X-axis: number of 

amplification cycles. Y-axis: 

fluorescence.  

 

Figure 2. Bad melting curve to the left (primer pair Foxp3 F2R2) and good melting curve to the right (primer pair 

Foxp3 F1R1). Y-axis: the change in fluorescence with temperature (dRFU/dT). X-axis: temperature (Celsius). 
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Table 1 

Gene Forward primer Reverse primer 

TNFα GACCCTCACACTCAGATCATCTTCT TGCTACGACGTGGGCTACG 

IL-10 AGTGGAGCAGGTGAAGAATGA TCATGGCCTTGTAGACACCTT 

PLZF CACTTACTGGCTCATTCAGCGG CTTACACTCAAAGGGCTTCTCACC 

Foxp3 GTACAGCCGGACACACTGC GCTGACTTCCAAGTCTCGTGT 

CD68 TCTGACCTTGCTGGTACTGC GAAGAGTGGCAGCCTTTTTG 

IL-6 CCCTTCAGGAACAGCTATGAA ACAACATCAGTCCCAAGAAGG 
 

Table 1. qPCR primer sequences. Each primer was diluted to a concentration of 100 µM by adding the appropriate 

amount of DEPC water, depending on the original primer concentration. To achieve a final volume of 125 µl and a 

concentration of 30 µM for each primer, 37,5 µl of the 100 µM primer solution was mixed with 87,5 µl DEPC water.  

 

The validated primers were used to detect the different genes of interest by qPCR in the 31 cDNA 

samples. For 31 cDNA samples, one MM for each of the primer pairs was prepared by using 190 µl 

DEPC water, 340 µl SsoFast EvaGreen (Bio-Rad), 6.8 µl forward primer and 6.8 µl reverse primer. To 

increase the working sample volume, the 20 µl cDNA samples were mixed with 180 µl DEPC water 

respectively to a total volume of 200 µl cDNA solution. The samples were run on a 96-well plate, and 

every sample was run in a duplicate to exclude pipetting errors and get a more accurate result. To 

each well 18 µl of the appropriate MM and 2 µl of the cDNA was added. 

Data processing  

The data was analyzed in Bio-Rad iQ5 software and exported as a text file which was processed in the 

MSExcel software (Microsoft Office 2010 package). In the Bio-Rad iQ5 software, a threshold was set 

manually. This threshold should be set so it intercepts the curve in its exponential phase, and also so 

it avoids detecting the background generated up until the thirteenth cycle. The value on the X-axis 

where the threshold cuts the curve is the Comparative Threshold value (Ct-value). A low Ct-value 

indicates a higher gene-expression, since fewer cycles of amplification is needed. The Ct-value is 

therefore inversely proportional to the target cDNA in the sample. Ct-values below 20 indicate a high 

mRNA-expression, while values over 33 indicate a very low or non-existent expression. In MSExcel, 

the Ct- values were further analyzed as follows. Each primer pair generated two Ct-values, 

representing a duplicate for each of the 31 cDNA samples. From each duplicate a mean Ct-value was 

calculated, to get a more representative value. To produce a Ct-value, the Ct-value for TFIIB was 

subtracted from each of the mean Ct-values for all the genes of interest in all the 31 samples. This 

value shows the expression of the specific sample compared to the expression of the housekeeping 

gene, and is defined as the normalized expression value. The Ct-values are logarithmic and to be 

able to process this data we needed to make them linear. This was done by using the formula 2-Ct for 

each of the CT-values. Statistical analysis using a two-way ANOVA was performed in GraphPad 

Prism5.02 (GraphPad Software) to present the achieved data. 
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Part II 

Animal samples 

For this study the distal colon of 25 male c57 Bl/6 mice (Taconic M&B, Ry, Denmark) was used. The 

animals were kept under standardized living conditions (room temperature of 21-22°, 12 h of 

light/darkness cycle, free access to food and water) at the Animal Department at the Biomedical 

Center, Uppsala Sweden. Samples from these 25 animals had already been prepared, frozen in Neg-

50 Frozen Section Medium (Thermo Scientific), snap-frozen in liquid nitrogen and stored in -70°C.  

These mice had previously been treated with two different strains of Lactobacillus reuteri:  ATCC PTA 

4659 (human strain) and R2LC (rat strain). The mice were gavaged daily for 14 days with 5 x 107 

bacteria in PBS (phosphate buffer saline), in a volume of 0.1 ml. For colitis-induction they received 

3% DSS in the drinking water for the last seven of the 14 days. The mice were divided into three 

different groups receiving: only DSS (n=10), DSS + 4659 (n=10), and DSS + R2LC (n=5). We proceeded 

to treat an additional six control animals for a period of 14 days. These animals were divided into two 

groups given: only 4659 (n=3) or only R2LC (n=3), resulting in a total of 31 animals for this study. 

Cryo-sectioning 

The frozen colon was cryo-sectioned (Leica CM 1950) in 10µm sections. The sections were placed on 

microscope slides (four sections per slide) and stored in -70°C.  

Immunohistochemical staining 

The slides were air dried for 30 minutes before they were fixated in ice cold methanol for 10 

minutes. They were treated with 0.5% Triton X in PBS for 15 minutes to make the tissue more 

permeable and facilitate antibody-binding. The slides were blocked with fetal calf serum (FCS) 10% in 

PBS for 45 minutes to prevent unspecific binding of the antibodies, followed by 3 x 5 minutes wash in 

0.05% PBS-Tween. The slides were then incubated with the primary antibodies. Three different 

primary antibodies were used: Rat anti-E-Cadherin (LifeTechnologies), Rabbit anti-Occludin 

(LifeTechnologies) and Goat anti-JAM-A (R&D Systems). They were diluted to their optimal 

concentration: 20µg/ml in FCS 5% in PBS, and 200µl of the antibody-mix was used for each slide. 

Some glasses served as controls to look for unspecific binding of the secondary antibody and did not 

receive the primary. The primary antibodies were incubated overnight in 4°C. The slides were 

washed 3 x 5 minutes in 0.05% PBS-Tween, followed by the incubation with the secondary antibody. 

Three different secondary antibodies were used: Alexa Fluor 488 IgG Donkey anti-Rabbit 

(LifeTechnologies), Alexa Fluor 555 IgG Donkey anti-Goat (LifeTechnologies) and Alexa Fluor 647 IgG 

Chicken anti-Rat (LifeTechnologies). They were diluted to their respective optimal concentrations 

(1/100 for Donkey anti-Goat and Chicken anti-Rat and 1/1000 for Donkey anti-Rabbit) in FCS 5% in 

PBS, and 200µl of the antibody-mix was used for each slide. The slides were incubated for one hour 

in room temperature, followed by 3 x 5 minutes wash in 0.05% PBS-Tween. The nuclei were stained 

for 15 minutes using 200µl per slide of Hoechst staining 1:10000 in PBS, followed by 3 x 5 minutes 

wash in 0.05% PBS-Tween. The slides were mounted using a few drops of Fluoromount-G (Southern 

Biotech) and 24x50 mm microscope cover glasses, and were visualized in a confocal microscope. 
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Confocal microscopy 

Confocal imaging of the sections was performed using a laser scanning confocal microscope (Zeiss 5 

live with a 63x/1.0W objective and Zeiss Zen software). For each slide 10x14 confocal images were 

stitched together to visualize approximately 1000x1500µm of mouse colonic tissue.  

Image analysis 

The images were analyzed using Fiji (Schindelin et al., 2012). The intensity of each fluorophore in the 

images was quantified in apical and basal intestinal surface epithelium, as well as in apical and basal 

crypt epithelium (fig. 3D). Since the exposure may vary between the images due to potential 

differences in the staining, the fluorescence of intestinal muscle tissue was used as a measure for the 

general exposure of the image. The muscle was used since it can be assumed that the muscle 

remains unaffected by the treatments. The intensity value from the muscle was considered as 

background.  One section for each of the 31 animals was analyzed; however some animals had 

sections that were too damaged by the induced colitis to be appropriately measured. 

              

   

 

   

Figure 3.  Examples of 

confocal images of one 

mouse colonic mucosa. 

Bars represent 50µm. A-C: 

immunofluorescence 

images of JAM-A, E-

Cadherin and Occludin 

expression. D: A merged 

image of A-C along with 

Hoechst staining (nuclei). 

Merged images were used 

for intensity 

measurements. Dashed 

arrows indicate apical 

surface/crypt epithelium. 

Solid arrows indicate basal 

surface/crypt epithelium. 

Together, these arrows 

indicate one out of five 

different measuring 

locations in the same 

tissue section. 

A                           JAM-A B              E-Cadherin 

C                        Occludin D           Merge + Hoechst 
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For each slide there were five measuring points (background, apical/basal surface epithelium and 

apical/basal crypt epithelium) that were measured at five different locations in the same tissue. One 

measurement for each of the three fluorophores (JAM-A, E-Cadherin and Occludin) respectively was 

conducted for each of the measuring points in each of the five locations. 

The intensities for each of the three fluorophores respectively, for each of the five measuring points, 

in each of the five locations, were added together to create an average value for the intensities. The 

average background intensity was then subtracted from the values from the four main measuring 

points (apical/basal surface epithelium and apical/basal crypt epithelium) to eliminate the exposure 

variations due to differences in staining. To achieve an average intensity value for the entire 

surface/crypt epithelium of one animal, the apical and the basal average values for the epithelium 

were added together and divided by two. To calculate a surface vs. crypt epithelium expression ratio 

an individual ratio were calculated for each animal. These ratios for all the animals in one treatment 

group were added together and divided by the number of ratios to achieve an average value. 

Statistics 

The data is presented as Means±SEM. Statistical analysis using a Student’s t test was performed in 

GraphPad Prism5.02 (GraphPad Software) to present the achieved data. p<0.05 was considered 

significant. 
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Figure 4. mRNA expression levels of pro-

inflammatory cytokines IL-6 (A) and TNF-α 

(B), and anti-inflammatory  cytokine IL-10 

(C) in the proximal colon. The expressions 

are all relative to the expression of the 

endogenous gene TFIIB. The spleen contains 

a vast number of immune cells since this is 

where they mature, and it is therefore used 

as a reference. p < 0.05 is considered 

significant, and p < 0.1 (in italic) is 

considered close to significant. All values are 

given as means ± SEM.  

 

Results 

Part I 

Relative mRNA levels in rat colon 

 

 

According to previous, unpublished 

results from our group by measuring the 

expression of inflammatory markers in 

serum, there is no systemic 

inflammation present in our rats. 

However, there might still be a more 

localized, low-grade inflammation in the 

proximal colon caused by the high-fat 

diet. Fig. 4 shows the expression of 

mRNA of two different pro-inflammatory 

cytokines (A) and (B), and one anti-

inflammatory cytokine (C) in the 

proximal colon. The expression was 

quantified using qPCR. In fig. 4A we can 

see that there is no significant difference 

in the IL-6 expression between most of 

the groups, except for a close to 

significantly higher expression in 

HFD+BB compared to HFD (p=0.083). In fig. 4B the expression of the pro-inflammatory TNFα is similar 

in all four groups. This indicates the same thing as for IL-6; the lack of inflammation. Fig. 4C shows 

the expression of the anti-inflammatory cytokine IL-10. There is no significant difference in IL-10-

mRNA expression between the four groups. In summary, fig. 4 indicates that there seem to be no 

inflammation in the proximal colon caused by the high fat diet. Since there is no present 

inflammation the addition of bilberry extract to the diets, as expected, did not significantly alter the 

outcome. 
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Figure 5. mRNA expression levels of 

macrophage marker CD68 (A), Treg marker 

Foxp3 (B) and iNKT marker PLZF (C) in the 

proximal colon. The expressions are all relative 

to the expression of the endogenous gene 

TFIIB. The spleen contains a vast number of 

immune cells since this is where they mature, 

and it is therefore used as a reference. p < 0,05 

is considered significant, and p < 0,1 (in italic) is 

considered close to significant. All values are 

given as means ± SEM. 

 

To further investigate whether there is 

a possible inflammation in the proximal 

colon, and if the number of certain 

immune cells are modulated, a qPCR 

was performed to quantify the mRNA 

expression of three different immune 

cell-markers, CD68, Foxp3 and PLZF. 

Fig. 5A indicates a significantly higher 

expression of CD68 in HFD+BB 

compared to HFD (p=0.016), which 

would indicate a higher amount of 

macrophages present in the colon in 

rats receiving the bilberry supplement. 

This figure also shows a close to 

significantly higher expression of CD68 

in HFD+BB compared to LFD (p=0.052). 

This result would indicate that the high-

fat diet and the bilberries combined 

have an effect on the CD68-expression, but not the diets themselves. In fig. 5B there is no significant 

difference between the Foxp3-expression in the four different groups, which indicates that there is 

no apparent up-regulation of Tregs within any of the groups. In fig. 5C there is a close to significantly 

higher PLZF-expression in HFD+BB compared to HFD (p=0.071). This indicates a possible effect of the 

bilberries on the expression of PLZF and the number of iNKT cells. 
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Part II 

Expression of tight junction proteins in mouse colon 

 

 

The expression of JAM-A in the 

epithelium of mice on different 

treatments was analyzed to find 

if any notable changes occurred 

when the mice were treated 

with Lactobacillus reuteri (4659 

or R2LC) compared to if they 

were only treated with DSS. In 

fig. 6A there is only one 

significant result; the expression 

of JAM-A in surface epithelium 

in the R2LC group is higher than 

in the 4659 group (p=0.007). 

This indicates that R2LC, but not 

4659, has an up-regulating 

effect on JAM-A in the surface 

epithelium. When looking at the 

JAM-A expression in crypt 

epithelium (fig. 6B) there is a 

significantly higher expression in 

the 4659 group compared to 

both DSS+4659 (p=0.046) and 

DSS+R2LC (p=0.002). There is 

also an indication of significance 

(p=0.096) between DSS and 

4659. This would indicate that 

all the DSS groups have a lower JAM-A expression compared to the 4659 group. When looking at the 

expression ratio for surface vs. crypt epithelium (fig. 6C) the ratio is below 1 in all groups. A ratio < 1 

indicates a lower expression in the surface epithelium compared to the crypt epithelium. The 

DSS+4659 group has a significantly higher expression in the surface epithelium compared to the crypt 

epithelium in both DSS (p=0.013) and 4659 (p=0.001). This indicates that treating DSS induced colitis 

with 4659 seems to redistribute the JAM-A towards the surface epithelium.  
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Figure 6. JAM-A expression in surface 

epithelium (A), crypt epithelium (B), and 

surface/crypt expression ratio (C). 

Expressions were measured in colons from 

five different groups of mice. All values are 

given as means ± SEM. p < 0.05 is considered 

significant. 
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Occludin is the other important 

TJ protein analyzed in this 

study. The expression of 

Occludin in the surface 

epithelium (fig. 7A) shows no 

significant differences between 

any of the five different 

treatment groups. However, 

the expression in the crypt 

epithelium (fig. 7B) is 

significantly higher in both 

R2LC (p=0.031) and 4659 

(p=0.009) compared to the 

DSS+R2LC group. This indicates 

that the probiotics might have 

an up-regulating effect on the 

expression of Occludin in the 

crypt epithelium of animals 

without colitis, but not in those 

with colitis. Fig. 7C presents 

the Occludin expression ratios 

in surface epithelium vs. crypt 

epithelium. Here there are no 

significant differences between 

any of the five groups. There is 

no presented ratio for the DSS 

group. This is because the surface vs. crypt expression ratios presented in this diagram are calculated 

as the mean of all individual expression ratios for the individual animals of each treatment group. For 

the DSS group some animals had crypts that were too damaged by the induced colitis to be analyzed, 

resulting in fewer measuring values. Also, in some animals no surface epithelium values were 

achieved due to the fact that the background intensity was higher than the intensity in the 

epithelium. This lead to the situation where no individual ratios could be calculated for any of the 

animals in the DSS group, hence the X in fig. 7C. 

 

A 

O c c lu d in  e x p re s s io n  s u r fa c e  e p ith e liu m

F
lu

o
r
e

s
c

e
n

c
e

 i
n

te
n

s
it

y

0

1 0 0 0

2 0 0 0

3 0 0 0

4 0 0 0

D S S

D S S  +  4 6 5 9

D S S  +  R 2 L C

4 6 5 9

R 2 L C

n = 4 n = 8 n = 5 n = 3 n = 3

 

B 

O c c lu d in  e x p re s s io n  c r y p t e p ith e liu m

F
lu

o
r
e

s
c

e
n

c
e

 i
n

te
n

s
it

y

0

5 0 0 0

1 0 0 0 0

1 5 0 0 0

2 0 0 0 0

D S S

D S S  +  4 6 5 9

D S S  +  R 2 L C

4 6 5 9

R 2 L C

p = 0 .0 0 9 3

p = 0 .0 3 1 3

n = 2 n = 8 n = 5 n = 3 n = 3

 

C 

O c c lu d in  e x p re s s io n  r a t io  s u r fa c e /c r y p t

R
a

ti
o

0 .0

0 .1

0 .2

0 .3

0 .4

0 .5

X

D S S

D S S  +  4 6 5 9

D S S  +  R 2 L C

4 6 5 9

R 2 L C

n = 0 n = 8 n = 5 n = 3 n = 3

 

Figure 7. Occludin expression in surface 

epithelium (A), crypt epithelium (B), and 

surface/crypt expression ratio (C). 

Expressions were measured in colons from 

five different groups of mice. All values are 

given as means ± SEM. p < 0.05 is considered 

significant. 
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Figure 8. E-Cadherin expression in surface 

epithelium (A), crypt epithelium (B), and 

surface/crypt expression ratio (C). 

Expressions were measured in colons from 

five different groups of mice. All values are 

given as means ± SEM. p < 0.05 is 

considered significant. 

 

 

The expression of the AJ 

protein E-Cadherin was 

measured for the different 

groups to see if the expression 

changed with the treatment. 

The E-Cadherin expression in 

the surface epithelium (fig. 

8A) is significantly higher in 

the DSS group compared to 

both DSS+R2LC (p=0.009) and 

4659 (p=0.009). This indicates 

that the E-Cadherin 

expression is higher in the DSS 

group compared to in the 

groups receiving probiotics. 

There is also a significant 

difference (p=0.034) between 

DSS+4659 and DSS+R2LC, 

which indicates that 4659 up-

regulates the expression more 

than R2LC in mice with DSS-

induced colitis. There is also 

an indication of significance 

(p=0.059) between DSS+R2LC 

and R2LC, as well as between 

R2LC and 4659 (p=0.062). In 

fig. 8B there is no significant 

difference between any of the different groups. The surface vs. crypt expression ratios in fig. 8C 

shows a significantly higher ratio between DSS and DSS+R2LC, as well as between DSS and 4659. This 

indicates that the E-cadherin expression is more localized to the surface epithelium in DSS compared 

to these two groups. There is also an indication of significance (p=0.062) between DSS+4659 and 

4659, as well as between DSS and R2LC (p=0.061). 
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Discussion 

Part I 

Expression of inflammatory markers 

In this part of the project the intention was to investigate if the presence of a low-grade 

inflammation in the proximal colon caused by obesity induced by an eight week high-fat diet could 

be reduced by the addition of bilberries to the diets. However, based on our results it seems like the 

high-fat diet neither did induce an inflammation, nor any obesity in the animals, but fatty liver was 

developed. By looking at the expression of two pro-inflammatory cytokines, IL-6 and TNF-α, we could 

see that there was no significance between any of the groups, except for an indication of significance 

(fig. 4 p=0.083) between HFD+BB and HFD. This suggests that the supplemented bilberries might 

have an effect on the up-regulation of IL-6 expression. However, since there is no significant increase 

compared to low fat diet, which could be considered as a control, we conclude that there is no 

ongoing inflammation in any of the groups. 

To further investigate the inflammation we measured the expression of the macrophage marker 

CD68. Our results (fig. 5) show that there is a significantly higher expression of CD68 in HFD+BB 

compared to HFD (p=0.016) and LFD (p=0.052) fed groups, respectively. Since expression of CD68 

does not distinguish between the pro-inflammatory M1 and the anti-inflammatory M2 macrophages 

it is difficult to fully interpret this outcome. However, since we noticed a non-significant increase in 

the IL-6 expression in HFD+BB we could speculate that the there is an increased number of M1 

macrophages. To investigate this theory further we could have looked at other expression patterns, 

such as iNOS expression. iNOS could be relevant to look at since M1 macrophages have an increased 

expression of this molecule (Lumeng et al., 2007). The time- limitation of this project, however, made 

these further studies impossible, but it could be an interesting idea for future studies, since we would 

then be able to see how many of the macrophages are pro- vs. anti-inflammatory. 

When looking at the expression of the anti-inflammatory cytokine IL-10, there is also no significant 

difference between any of the groups (fig. 4). IL-10 has been shown to be increasingly produced in 

inflamed guts (Autschbach et al., 1998), since its anti-inflammatory function controls the ongoing 

inflammation (Izcue et al., 2009) mediated by pro-inflammatory cytokines. If there was a local 

inflammation present in the colon we would have expected an increased expression of IL-10. The lack 

of significant difference between any of the groups indicates that there is no ongoing inflammation. 

These results are supported by our results showing no significant difference in expression of Foxp3 

between any of the groups. Foxp3 is a transcription factor highly expressed by regulatory T cells 

(Tregs).  One feature of the Tregs is their ability to produce the anti-inflammatory cytokine IL-10. It has 

also been shown that an inflammation is usually accompanied by an increased number of Tregs. Our 

results of no difference in expression of Foxp3 in any of the studied groups indicate the lack of an 

ongoing inflammation in the colon. 
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When measuring the expression of the iNKT cell-marker PLZF in the different diet groups we found a 

close to significantly (p=0.071) higher expression in the HFD+BB group compared to the HFD group.  

Previous unpublished results from our group also show similar results in the liver, which is the body’s 

biggest reservoir for iNKT cells. iNKT cells, invariant natural killer cells, is another subgroup of T cells 

suggested to have an important role in the innate immune system. iNKT cells have also been shown 

to play an important role in murine IBD models. Absence of iNKT cells exaggerated DSS induced 

colitis. Our results showing a tendency to increased expression of the iNKT cell marker PLZF in the 

colon of the HFD+BB group may indicate an increased number of iNKT cells in this diet group. Since 

there is no difference between the other groups we can assume that these results also indicate that 

there is no ongoing inflammation in the colon. Since we have a close to significant increase in the 

HFD+BB group only and not in the LFD+BB group it has to be an effect of the bilberries in 

combination with the high fat diet. How the berries have contributed to this increase will be a subject 

for future studies. 

In conclusion, most of the mRNA levels achieved from the qPCR measurements in this study point in 

the same direction, that there is no inflammation in the proximal colon caused by the high fat diet. 

However, our results from the group receiving high fat diet in combination with bilberries might 

indicate an increased activity in both pro- and anti-inflammatory markers. These results need further 

studies. 

Part II 

Expression of junction proteins 

The gastro intestinal tract is lined with epithelial cells that are held together by junction complexes 

consisting of certain junction proteins (Gassler et al., 2001). These complexes tend to be disrupted in 

patients with IBD, which leads to a change in gut permeability. Several studies indicate that the gut 

microbiota plays an important role in the development of IBD (Kaser et al., 2010), and one potential 

treatment for this condition is the use of probiotics, which has shown promising results in several 

studies (Ohland and Macnaughton, 2010). Previous work from our group indicates that mice treated 

with DSS develop significant colitis, with an up-regulation of pro-inflammatory cytokines. However, in 

mice receiving either of two different strains of Lactobacillus reuteri (4659 and R2LC) the onset of 

DSS-induced colitis was either reduced or altogether inhibited. This was indicated by a decreased 

disease activity index (DAI) and by a reduced up-regulation of the pro-inflammatory cytokines. In this 

part of the project the intention was to investigate the effects of 4659 and R2LC on the expression of 

three different junction proteins. 
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JAM-A is a tight junction protein that has been shown to be down-regulated in patients with IBD 

(Vetrano and Danese, 2009). Our results (fig. 6A) show that JAM-A expression in surface epithelium 

was not significantly altered in colitic mice receiving any of the probiotics, compared to the 

untreated mice. There was however a significant increase in the group receiving only R2LC compared 

to the group receiving only 4659. This would indicate that R2LC can up-regulate JAM-A expression in 

the surface epithelium in control mice, but not in DSS treated animals. From our previous results we 

know that the mice pretreated with probiotics have a lower DAI, as well as a decreased expression of 

pro-inflammatory cytokines, than the mice given DSS alone. However, based on the results from this 

study the reduction in DAI and cytokine expression is probably not due to any changes in the JAM-A 

expression in the surface epithelium.  

The JAM-A expression in the crypt epithelium (fig. 6B) does not point in the same direction as the 

expression on the surface. In the crypts there is a significantly lower expression is both the DSS+ 

probiotics groups, as well as a tendency towards significance in the DSS group, compared to the 

group only receiving 4659. This could indicate that 4659 does in fact up regulate the JAM-A 

expression in the crypt epithelium. However, the lack of control animals in this study makes it 

impossible to know whether the probiotics in fact up-regulate the JAM-A expression, or if the 

differences are only due to a down-regulation caused by the induced colitis. 

The surface vs. crypt JAM-A expression ratio (fig. 6C) shows that the DSS+4659 group has a 

significantly higher ratio compared to the DSS and the 4659 groups. This indicates that treating DSS 

induced colitic mice with this strain changes the distribution of JAM-A towards the surface 

epithelium. 

Occludin is the other TJ protein analyzed in this study. This protein has also been shown to be down-

regulated in patients with IBD (Kucharzik et al., 2001). The expression of Occludin in the surface 

epithelium (fig. 7A) showed no difference between any of the groups. Is seems however as if R2LC 

has an up-regulating effect on the expression in the crypt epithelium (fig. 7B) in control animals, 

compared to DSS treated animals receiving the same probiotics. It would however have been 

interesting with a control group to investigate whether this difference is due to a down-regulation 

caused by the DSS or an up-regulation due to the probiotics.  

E-Cadherin is the only adherence junction protein studied here. As the other junction proteins it has 

also been shown to be disrupted in IBD patients, but only in ulcerative areas (Karayiannakis et al., 

1998). The E-Cadherin expression in surface epithelium (fig. 8A) is significantly higher in the DSS 

group compared to both the DSS+R2LC and the 4659 groups. E-Cadherin has been shown to be 

down-regulated in ulcerative areas, but also possibly up-regulated in areas adjacent to ulcerations. 

The up-regulation might act as a defense mechanism for the epithelium to try to preserve the cell-

cell contacts (Demetter et al., 2000). This could provide an explanation to why the E-Cadherin 

expression is higher in the group receiving only DSS. However, a control group would have been 

necessary to determine whether the differences in expression levels are due to an up-regulation of E-

cadherin in the DSS group or a down-regulation in the groups receiving probiotics. There is also a 

significant difference between the DSS+4659 and DSS+R2LC groups, which would indicate that one of 

these two strains is better at either down- or up-regulating the E-Cadherin expression in the surface 

epithelium. 
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The surface vs. crypt epithelium expression ratio presented in fig. 8C indicates a significantly higher 

ratio in the DSS group compared to both DSS+R2LC  and 4659, indicating that there is a higher 

expression of E-Cadherin in the surface epithelium than in the crypts.  

When comparing the expression in the surface epithelium for all three junction proteins they have 

one thing in common: treatment with R2LC in control mice shows an elevated protein expression 

compared to 4659, however not always significant. This might however be interesting for further 

studies. 

The aim of this part of the study was to investigate the protective effects of the two Lactobacillus 

reuteri strains 4659 and R2LC on the gut mucosal epithelium in mice with DSS-induced colitis. The 

results of this study are not unanimous, but some point in the same direction: that the decrease in 

DAI is not due to an up-regulation of junction proteins. A greater number of test animals, along with 

a control group, might have been able to provide more significance and relevance to this study. 
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