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1. SUMMARY 
Although lymphocytes seem to play an important role in the pathogenesis of canine 

inflammatory bowel disease (IBD), little is known about the canine intestinal immune 

cells. Therefore, the goal of this work was the in-depth phenotypical and functional 

characterization of IEL in the small and large intestine from a mono-breed population, 

i.e. Beagle dogs, in order to establish an unbiased “baseline” for future studies on the 

role and fate of intestinal T cells in the development of canine enteropathies.  

In the first study we established a computer-assisted cell counting method for the 

evaluation of CD3+ T lymphocytes in the intestinal lamina propria and in the 

epithelium of healthy adult Beagle dogs. Furthermore a comparison between neonatal 

and adult dogs was performed to investigate, whether distribution changes with 

increased age. This work demonstrates that CD3+ T cells can be found frequently in 

canine intestinal epithelium, and can be accessed for further evaluation. 

In the second study we established the isolation procedure of intestinal intraepithelial 

lymphocytes (IEL) from healthy adult Beagle dogs, followed by a multi-parameter 

flow cytometry analysis. Analysis revealed that canine IEL substantially differ from 

lymph node T cells and consist of various unconventional lymphocyte subsets, unique 

to mucosal surfaces. These include γδ T cells, and CD4-CD8- and CD8αα+ T cells. 

IEL populations in adult dogs were also compared to those isolated from neonatal 

Beagles. A high frequency of undifferentiated CD4-CD8- T cells could be found in 

newborn dogs, whereas in adult dogs mature CD4+ and CD8+ T cells predominated. 

In the functional characterization of canine IEL we focused on activation and 

proliferation characteristics of this cell population. While IEL alone did not show an 

activation-induced proliferation, they significantly inhibited the proliferation of 

activated lymph node T cells in a cell number-dependent manner. These findings 

demonstrate for the first time that canine IEL have an immunoregulatory phenotype, 

which may contribute to the maintenance of the intestinal immune homeostasis and 

may be lost in canine chronic enteropathies. 

These results give first insights in the characterization of canine intestinal immune 

cells, which might contribute for a better understanding and future therapies of canine 

IBD. 
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2. INTRODUCTION 
2.1. The intestine – a complex organ in a challenging environment 

2.1.1. The intestine – provider and protector 

One of the best known functions of the gastrointestinal tract is the absorption of water 

and the digestion and absorption of nutrients. The small intestine is mainly 

responsible for the mixture, digestion and absorption of carbohydrates, proteins and 

fat, as well as for water absorption. The large intestine accounts for forming and 

storage of feces, absorbs volatile fatty acids, completes water resorption and 

absorption of some minerals and trace elements. In addition to food-containing 

vitamins the large intestine is also responsible for the up-take of some vitamins 

produced by commensal bacteria. These tasks alone are enough to regard the 

gastrointestinal tract as an extraordinary organ considering the multitude of 

mechanical, enzymatic and transportation processes required to fulfill our daily needs 

regarding calories, nutrients and water uptake. The small and large intestine have 

developed different surfaces to optimize their respective functions. The small bowel 

has become the body’s largest surface in order to create a maximal contact zone 

between the lumen containing digested food and absorptive cellular elements of the 

small bowel. The presence of Kerckring’s folds, villi and microvilli in the small 

intestine results in a 600-fold increase in the surface area as compared with the 

surface of a simple cylindrical tube [1]. Instead of villi, the large bowel contains only 

crypts, which also contribute to the surface increment.  

 

This enormous surface is a direct contact zone between the external environment 

(luminal content) and our body. This fact implies a constant exposure of the intestinal 

surface to food antigens and commensal bacteria but also to potential pathogens [2]. 

Therefore the immune system has developed complicated mechanisms to protect our 

body from possible pathogenic invaders on the one hand but to tolerate food antigens 

and harmless commensal bacteria on the other hand. A variety of immune cells 

located in the intestinal mucosa are responsible for maintaining this endangered 

balance. 

 

In principal, the canine intestine is comparable to the gastrointestinal tract from mice 

and men concerning the anatomical situation (monogastric animals) and the mucosal 
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immune system in as much as it is known. Historically, the majority of studies had 

been carried out in rodents or tissue obtained from human patients. The expanding 

availability of species-specific tools provides the opportunity to study a wider range 

of animals, including dogs. Where species comparisons of mucosal immune system 

had been made, dogs had been shown to bear greatest similarity to that documented 

for man [3].  

 

The high frequency of gastrointestinal diseases in dogs with often fatal outcome has 

urged veterinarians to better study immunological processes in the canine 

gastrointestinal mucosa. Therefore, we will discuss in the following introduction 

studies performed on canine intestine in comparison to those in mice and men. 

Furthermore, the work conducted under this PhD thesis, focusing on the detailed 

characterization of the canine intestinal immune system, should contribute to a better 

and more detailed understanding of the canine gastrointestinal immune system in 

health and in disease.  

 

2.1.2. The intestinal epithelium – more than a physical barrier  

The epithelial barrier is a dynamic and complex structure, which consists of various 

components. The first line of defense is built of mucin - glycoproteins produced by 

goblet cells. Intestinal mucin forms a thick layer, which lines the luminal surface of 

intestinal epithelial cells and reduces the ability of bacteria and viruses to attach to the 

epithelium (non-immune exclusion) [4]. It also serves as reservoir for secreted IgA 

(sIgA) and gives sIgA the possibility to bind to invading pathogens and impair their 

ability to penetrate the intestinal mucosa. There are several studies concerning 

intestinal IgA in various species. In contrast to cats, where the highest numbers of 

plasma cells is found in the ileum [5], in dogs intestinal plasma cells are mainly found 

in the duodenum [6].  

The next line of defense is represented by a monolayer of epithelial cells. In this 

single cell layer individual cells are firmly connected by tight junctions, built by 

occludins, claudins and zonula occludens proteins, which makes a passage of 

macromolecules almost impossible. It is important to imagine the epithelial cells not 

only as a barrier but furthermore as a dynamic and reactive cell type, which plays an 

important role in the host defense. Epithelial cells can act as an antigen-presenting 

cell, but they are also able to produce anti-microbial peptides, chemoattractants and 
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immunoregulatory cytokines. In general, one can distinguish in the small intestine 

between four main epithelial cell types: absorptive enterocytes, goblet cells, 

enteroendocrine cells and Paneth cells. In contrast to the short living epithelial cells 

(2-5 days), Paneth cells are long-living (approx. 20 days) and express a number of 

biological defense peptides and proteins including lysozyme, type II phospholipase 2, 

and alpha-defensins [7].  

In order to detect foreign pathogens epithelial cells express Toll-like receptors (TLRs) 

(e.g. TLR4, TLR2) and nucleotide-binding oligomerization domains (NOD). These 

pattern recognition receptors recognize conserved motifs on pathogens and 

commensal bacteria. In this way epithelial cells are capable to mount immune 

responses, if necessary [8]. It has been also shown that TLRs expression on epithelial 

cells can be downregulated, possibly contributing to mucosal tolerance to commensal 

bacteria [9]. TLRs were recently the main focus of interest in canine research. It has 

been shown that antibodies specific for human or murine TLRs detect canine TLRs on 

leukocytes by flow cytometry [10]. Furthermore, it was possible to stimulate a T 

helper 1 (Th1) response in vitro by co-stimulating canine peripheral blood 

mononuclear cells with immune modulatory oligonucleotides (IMO, synthetic 

agonists of TLR9) and the lectin Concanavalin A [11]. TLR4 mRNA expression has 

also been detected in the canine stomach and small intestine [12]. These findings 

underline on the one hand the importance of TLRs in the intestinal immune system, 

but also confirm some of the similarities between different species such as mice and 

dogs. 

 

There is a strong and direct interaction between epithelial cells and intestinal mucosal 

lymphocytes. First, epithelial cells are in a direct contact with lamina propria 

lymphocytes (LPL) via basolateral projections through the semi-porous membrane 

pores. Second, so-called intraepithelial lymphocytes (IEL) are tightly embedded in 

between the epithelial cells, above the intestinal basement membrane. In this situation 

intestinal epithelial cells are predisposed to act as “non-professional” antigen-

presenting cells, predominantly activating CD8+ T cells via MHC class I. 

Furthermore, epithelial cells can also function as “professional” antigen-presenting 

cells, capable of presenting antigen via MHC class II in order to stimulate CD4+ T 

cells [13]. Another demonstration of the interaction between epithelial cells and 

lymphocytes is the great influence of epithelial cells on lymphocyte trafficking. For 
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example, the chemokine CCL25 is constitutively expressed by epithelial cells and 

leads to the recruitment of CCR9+ α4β7 + T cells to the intestinal mucosa.  

 

2.1.2. From mucosa-associated lymphoid tissues to the immune effector cells of the 

intestinal mucosa 

In principle the intestinal immune cells are located in two major compartments: 1) the 

inductive compartment, where the initial antigen presentation to cells of the adaptive 

immune system occurs and 2) the effector compartment, which consists of the lamina 

propria, where antigen-experienced lymphocytes migrate to and the epithelium, where 

IEL residue [14]. The mucosal inductive sites are represented by specialized 

lymphoid tissues, such as Peyer`s Patches (PP), isolated lymphoid follicles (ILFs), 

and mesenteric lymph nodes (MLN). After oral intake of an antigen, the primary 

antigen presentation takes place either in the PP or in ILFs, which are generally 

considered as mucosa-associated lymphoid tissue (MALT). These structures share 

general features as they are covered with follicle-associated epithelium (FAE), which 

contains differentiated epithelial cells known as M cells [6]. M cells represent only 

“ports” for antigens, they do not process the antigen nor do they present antigen to 

immune cells. M cells have been shown to transport intact bacteria without harming 

them. Several gateways are possible for an antigen in order to penetrate the intestinal 

epithelium: 1) antigen uptake by PP-associated M cells, followed by direct delivery to 

APCs such as dendritic cells (DC) or macrophages located in the PPs; 2) villous M 

cell-dependent uptake followed by delivery to APCs located in the lamina propria; 3) 

dendritic cell-dependent sampling of luminal antigens, likely via transepithelial 

dendrites; 4) antigen uptake by intestinal epithelial cells followed by presentation of 

the antigen to lymphocytes via MHC class I or class II [15]. 
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Figure 1: Schematic presentation of intestinal antigen uptake pathways. Antigens can be 

taken up by epithelial cells and then presented via MHC class I or class II molecules, or 

dendritic cells can sample luminal antigen by extending dendrites through the epithelium. M 

cells can serve as “gates” through the epithelium, most often embedded in the FAE, in strong 

association with underlying Peyer`s Patches (PP). (adapted from Niess et al. [15]) 
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Figure 2: Schematic diagram showing the major compartments of the gut-associated 

lymphoid tissue (GALT). Lymphoid cells are embedded in the epithelium (IEL), scattered 

throughout the lamina propria or concentrated in the Peyer`s Patches (PPs). Lymphocytes, 

activated by exposure to antigen in the PPs or in the lamina propria, migrate via afferent 

lymph to the mesenteric lymph nodes (MLN) and enter via efferent lymph the main blood 

stream. 

 

MHC class II expression in canine enterocytes has been confirmed by German et al. 

in 1998. Similar to men and mice, the strongest expression could be found in jejunal 

and ileal crypt areas [16]. 
 

 
Lymphocytes can be found in the intestine either embedded in the epithelium (IEL) or 

scattered throughout the lamina propria (LPL). We will discuss the differences 

between the two lymphocyte populations in a following chapter. In brief, most of the 

IEL belong to an “unconventional” subset of T cells. This subtype differs 

substantially from peripheral lymphocytes with respect to their phenotype, function 

and ontogeny [17]. In contrast, the majority of LPL belongs to the “conventional” T 

cell subset, which have a lot in common with peripheral lymphocytes.  They home to 

the intestinal mucosa upon activation in the inductive sites such as PP or MLN. In the 
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following chapter on IEL the differences between distinct mucosal lymphocyte 

subsets will be discussed more in detail.  

Although this work focuses on lymphocytes it should be mentioned that DC located in 

intestinal inductive sites (PP and MLN) are reported to have an important role in the 

priming of gut-homing lymphocytes [18,19].  

 

2.1.3. Oral tolerance: Intestinal homeostasis and antigen-specific regulatory T cells 

The induction of oral tolerance has been extensively studied in rodents, while fewer 

studies have been performed in dogs. However, it is clear that oral tolerance can be 

induced in dogs [20].  

In principal, there are two primary effector mechanism of oral tolerance: 1) the 

induction of clonal anergy or deletion and 2) the induction of regulatory T cells that 

mediate active suppression. Generation of an immune response generally requires 

ligation of the T cell receptor with peptide MHC complexes in the presence of 

appropriate co-stimulatory molecules. Presentation of high doses of orally 

administered antigen induces primarily anergy / deletion of specific T cells due to the 

absence of co-stimulators or in the presence of inhibitory ligands [21]. It is reported, 

that high doses of oral antigen can lead to deletion of antigen-reactive T cells in PP of 

mice transgenic for the antigen-specific T cell receptor. The deletion was mediated by 

apoptosis, and was dependent on dosage and frequency of antigen feeding [22]. 

Feeding high doses of antigen to normal animals also increases the susceptibility of 

their lymphocytes to die by apoptosis after systemic challenge with antigen in 

adjuvant [23].  

TGF-β production seems to be a link between tolerance induced by deletion / anergy 

and the induction of regulatory T cells. The immunosuppressive cytokine TGF-β is 

usually produced by T cells and stroma cells in the gut. It is an important factor for 

IgA class switching and induces FoxP3 expression in conventional T cells in order to 

turn these cells into regulatory T cells [24]. It has been reported that apoptotic cells 

are usually taken up by macrophages, and the phagocytosis of these dying cells results 

in the induction of TGF-β production. Also apoptotic T cells can release TGF−β in 

latent and bioactive form [25]. Thus, TGF-β production seems to have a central role 

in oral tolerance. For dogs, assays for the detection of cytokine expression by real-

time RT-PCR have been developed for IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, IL-18, 
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IFN-γ, TNF-α and TGF-β, and applied in healthy dogs. Transcripts of TGF-β, IL-18 

and TNF-α were expressed 10 time more than those of IL-10 and IFN-γ [26].  

Also a field of extensive investigations is the role of DC in oral homeostasis. The 

proposed route of conventional antigen uptake in the intestine is via M cells in the 

FAE, followed by presentation to DC located in the PP. DC of the PP comprise 

several distinct subsets, including some that produce IL-10 and polarize naïve T cells 

to a regulatory phenotype. Furthermore, it is likely that DC loaded with orally 

administered antigen migrate from the intestinal mucosa to meet naïve CD4+ T cells 

in the MLN [27]. Due to the few species-specific reagents there is a lack of studies 

focusing on intestinal DC in dogs. However, there are studies in dogs, which describe 

the presence of MHC class II-expressing cells with a dendritic type of morphology 

distributed throughout the intestinal mucosa, most obviously at the villous base 

[16,28]. 

Regulatory T cells (Tregs) are in the center of interest in the field of oral tolerance. 

Tregs can be functionally defined as T cells that suppress immune responses either by 

producing IL-10 or TGF-β or by cell-cell contact [29]. There are different regulatory 

T cell subsets involved in the gut homeostasis and oral tolerance. Naturally arising 

Tregs (nTregs) are T cells, which arise from the thymus and enrich in the CD4+CD25+ 

subset. Although CD25 is a useful marker for Tregs, not all Tregs express CD25 and 

not all CD25+ cells are Tregs. At the moment the most specific marker of nTregs is 

the transcription factor FoxP3. Deficiency or mutation in FoxP3 is associated in 

human patients (IPEX syndrome) and in mice (scurfy mouse) with severe 

autoimmune syndromes, which includes involvement of the small bowel, indicating 

that these cells are important for the maintenance of gut homeostasis [30]. There is 

further evidence that Foxp3 expression can be induced in the GALT. CD103+ DCs 

seem to induce FoxP3+ T cells in an antigen–specific manner, through a mechanism 

depending on TGF-β and retinoic acid [31]. There are also other induced Treg 

subsets. One of the first subsets described are Th3 cells, which mainly produce TGF-

β. As already discussed, TGF-β is important in inducing peripheral Tregs, the 

presence of Th3 cells can also influence Tregs development in neighboring cells 

(infectious tolerance). Another well-described Tregs population are IL-10-secreting 

Tr1 cells. These cells are induced in vivo following mucosal administration of antigen 

and both their development and their function depends on IL-10 [32]. In order to 
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underline the importance of T cells with regulatory functions in the intestinal 

homeostasis it should be mentioned that knockout mice for TGF-β and CTLA-4 die 

rapidly due to multi-organ autoimmune disease. Furthermore IL-10-deficient mice 

develop spontaneous intestinal inflammation in the presence of Helicobacter 

hepaticus [33]. Of course Tregs are also of high interest in veterinary medicine. Until 

now, studies were hampered due to the lack of species-specific antibodies. However, 

recently a conjugated murine FoxP3 antibody was reported to be cross-reactive with 

canine lymphocytes. With the use of this antibody Biller et al. were able to 

demonstrate a significant increase of Tregs in the blood and peripheral lymphnodes in 

dogs with cancer compared to healthy control dogs [34].  

Finally, it should be mentioned that besides the classical Tregs there are also intestinal 

CD4- T cell populations, which show a regulatory phenotype. These cells, which are 

mainly CD8+ or TCRγδ+, are located in the epithelium and are the subject of the 

following chapter.  

 

2.2. Intraepithelial lymphocytes (IEL) – possible preservers of the  

intestinal homeostasis 

2.2.1. IEL subsets in the small and large intestine 

Intestinal intraepithelial lymphocytes (IEL) are mostly T cells, which are embedded in 

between the intestinal epithelial cells. In mice IEL comprise approx. 10–15% of all 

cells in the epithelial layer [35], in humans their frequency is even higher (16-20%) 

[36]. Immunohistochemical studies in the dog have shown that the numbers of IEL is 

in a similar range (12-20%), with higher frequencies in the villus than in the crypts 

[37]. Given their strategic location between the gut lumen and intestinal mucosa 

containing a large arsenal of immune cells, it is essential that IEL posses different 

skills that may allow to enhance immune responses or suppress inflammatory 

reactions, depending on the needs. Likely as a result of these different needs, multiple 

subpopulations of IEL are found with diverse effector functions. Many of these IEL 

subsets differ substantially from peripheral lymphocytes.  

Peripheral T lymphocytes can be divided into MHC class II-restricted CD4+ T-cell 

receptor (TCR)αβ+ T cells and MHC class I-restricted CD8αβ+ TCRαβ+ T cells. The 

IEL compartment consists predominantly of CD8+ T cells, while CD4+ T cells are 

rather under-represented in the epithelial layer of mice, humans and dogs. Approx. 
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10% of IEL in the murine small bowel, and also a substantial portion of canine IEL 

[38], has a CD4- CD8- (double negative) phenotype, which are usually absent in the 

peripheral circulation. Whereas almost all peripheral CD8+ T cells express the CD8αβ 

heterodimer, a substantial portion of the CD8+ IEL express the homodimer CD8αα. 

Whereas peripheral CD8αβ+ T cells express predominantly the TCRαβ, the TCR 

usage in the IEL compartment is more complex. While a large number of CD8αβ+ 

TCRαβ+ cells are found, TCRγδ+ T cells, which often also express the CD8αα co-

receptor, are frequently found in the epithelial layer. Although distinct IEL subsets 

show different phenotype, function and ontogeny, they all show an “activated but 

resting“ immune cell phenotype [39]. For example, freshly isolated IEL show 

constitutive cytotoxic activity, but proliferate poorly in response to TCR stimulation 

[40].  

 

In general, IEL can be subdivided into two major subpopulations based on the TCR 

and the co-receptors they express. Conventional or “type a” mucosal T cells express 

CD4 or CD8αβ together with TCRαβ. Unconventional or ”type b” mucosal T cells 

include TCRαβ+ CD8αα+ T cells, TCRγδ+ T cells with either CD8ααor CD8αβ  co-

receptor and CD4- CD8- T cells.  

Conventional “type a” IEL share similarities with splenic or lymphatic CD4+ and 

CD8αβ cells. These TCRαβ+ T cells primarily recognize antigens presented by 

conventional MHC class I and II. In contrast to MLN T cells, which have a highly 

diverse TCRαβ repertoire, the TCRαβ repertoires of IEL is only oligoclonal and non-

overlapping between CD8αβ+ and CD8αα+ T cells [41]. “Type a” IEL are reported to 

share various TCR gene rearrangements with lamina proria and thoracic duct T cells 

[42]. These findings support the current idea that “type a” IEL are primed by antigen 

in the PP, are drained via mesenteric lymph node, enter the blood stream via the 

thoracic duct and home back into the epithelial layer. Their intestinal homing is 

dependent on α4β7 integrin, which binds to the mucosal adressin MADCAM 1. 

Further translocation into the epithelium requires a switch to αEβ7 expression, which 

binds to the epithelial adhesion molecule E-cadherin and allows the embedment of 

IEL into the epithelial layer.  

Unconventional or ”type b” mucosal T cells include TCRαβ+ CD8αα+ T cells, 

TCRγδ+ T cells with either CD8αα or CD8αβ  co-receptor, and CD4- CD8- T cells.  
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Although these diverse “type b” lymphocytes differ in some effector functions (e.g. 

the production of keratinocyte growth factor), they also share many similar features, 

which clearly distinguishes them from “type a” IEL (table1). Recent analysis of their 

gene expression profiles demonstrated that “type b” IEL are very similar but differ 

from “type a” IEL [43].  

 
Properties  Type 

a 

Type 

b 

Gene expression CD2 ++ - 

 CD5 ++ +/- 

 CD28 ++ - 

 CTLA4 ++ - 

 Ly6C ++ +/- 

 Ly49E - ++ 

TCRαβ chain gene usage overlaps with lamina propria and thoracic 

duct 

 ++ - 

Conventional MHC restriction  ++ - 

Representation in athymic mice  - + 

Reconstitution from peripheral lymph nodes  ++ +/- 

Immunological memory of infection  ++ - 

 

Table 1: General features of type a and type b IEL adapted from Hayday et al. [43]   

 

“Type b” IEL are usually permanent residents in the intestinal epithelium. These cells 

do not recognize antigens presented by MHC class I or class II molecules, but are 

rather activated and primed directly by epithelial cells via a different set of molecules. 

In mice, a novel and specific ligand for the CD8αα homodimer was identified: the 

thymic leukemia (TL) antigen, a non-classical MHC class I molecule. TL is 

constitutively expressed on intestinal epithelial cells, suggesting that this receptor-

ligand pair might play a role in the cross-communication between the intestinal 

epithelium and the neighboring IEL. Also TCRγδ+ cells are reported to respond 

directly to non-classical MHC class I-like molecules (MHC class Ib). Mouse T10 or 

T22 or human MICA/MICB represent such non-classical MHC class Ib molecules. 

Several of these self-activating proteins can be induced by heat shock in gut epithelial 

cells or are upregulated in a variety of carcinomas [44].  



Introduction  13 

 

 

A limited number of previous studies have investigated the distribution and 

quantification of IEL in the canine intestine. Immunohistochemical studies have 

shown that in the intestinal epithelial compartment mainly T cells can be found, 

which express TCRαβ and TCRγδ [45]. It was also demonstrated that CD8+ IEL 

outnumber CD4+ IEL in the canine intestinal epithelium [37]. Only 2 studies have 

used flow cytometry analysis for the further characterization of canine IEL 

subpopulations [38,46]. These studies also show, that the canine IEL compartment 

mainly consists of CD8+ T cells. Sonea et al. could further show that a substantial 

portion of IEL consist of CD8-CD4- T cells and she demonstrated for the first time 

CD8αβ+ and CD8αα+ T cells in the canine epithelium. However, the lack of a multi-

parameter flow cytometrical analysis in these studies makes the simultaneous analysis 

of the TCR usage of CD8αα+ and CD8αβ+ IEL subsets impossible. Therefore an in 

depth characterization of canine IEL, as in mice and human tissue, is currently still 

missing and represents the major aim of this study. 

 

2.2.2. Extra-thymic origin of “type b” IEL – still an unsolved issue  

The evidence that “type b” IEL can be found in the gut of athymic mice (nu/nu mice), 

while they are absent in the spleen or peripheral lymph nodes, was the underlying 

reason to suggest that IEL may develop independent and outside of the thymus. In 

nu/nu mice, or neonatally thymectomized mice a considerable population of 

TCRγδ+ IEL and a reduced number of TCRαβ+ IEL could be detected in the intestine 

[47]. In addition, several groups have shown that fetal liver or bone marrow 

progenitors can reconstitute “type b” IEL in thymectomized recipients [48,49]. These 

findings suggest that maturation and selection of IEL is substantially different from 

that of peripheral T cells. 

 

Most of the knowledge on the thymic selection process comes from the H-Y TCR 

transgenic mouse model. H-Y TCR transgenic mice express a transgenic TCR that 

recognizes a Y chromosome–encoded smcy peptide. Female mice, which do not 

express the H-Y antigen, show normal numbers of antigen-specific “type a” T cells in 

the periphery, whereas they harbor a diminished number of “type b” intestinal IEL. In 

contrast, in male mice that express the H-Y antigen all peripheral antigen-specific T 

cells are depleted, yet a high number of unconventional CD8αα+ intestinal IEL is 
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maintained [50]. These data suggest that CD8αα+ IEL are not negatively selected and 

may develop outside the thymus.  

 

Cryptopatches (CPs) are an accumulation of lymphocyte progenitors in the intestinal 

mucosa of newborn mice. With the discovery of these cryptopatches in the murine 

small intestine, the hypothesis developed that these serve as the first site for “type b” 

IEL development [51]. In contrast to these initial finding, it was found later on that 

lymphopoiesis occurs mainly in the MLN, but less in PP and not in CPs [47]. Thus, it 

is currently unclear to which extent CPs contribute to the development of “type b” 

IEL, and further investigations are needed to clarify this issue.  

 

A current hypothesis suggests that unconventional IEL develop from double negative 

(DN) thymic progenitors that escape to the periphery before MHC-based selection in 

the thymus occurs. It has been shown that the negative selection of auto-reactive  γδ T 

cells is very efficient in the adult thymus, but is markedly attenuated in the neonatal 

thymus. As a consequence γδ T cells escape negative selection, undergo extra-thymic 

differentiation, and find sanctuary in the intestinal epithelium [52]. This finding is 

consistent with the high number of unconventional IEL early in life. While some data 

support extra-thymic development of IEL, others do not. Thus, the true mechanism of 

“type b” IEL development is still under debate and awaiting further studies. 

 

2.2.3. IEL effector functions 

“Type a” IEL generally undergo efficient antigen- and MHC-driven positive and 

negative selection in the thymus. In general “type a” IEL show an effector/memory T 

cell phenotype, as they are likely primed outside the epithelium and homed back into 

the intestinal epithelium.  

Many of the CD4+ IEL have regulatory functions, and have been implicated in the 

induction of oral tolerance and in the maintenance of intestinal homeostasis. Their 

importance in the prevention of intestinal inflammatory disorders has been 

demonstrated in various mouse models. For example, the transfer of naïve CD4+ 

CD45RBhi T cells into immunodeficient recombination activation gene (Rag)2-/- 

recipients rapidly leads to the development of colitis. In contrast, co-transfer of CD4+ 

CD25+ or CD4+ αEβ7+ T cells can prevent disease development due to their 
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immunoregulary effector functions [53]. “Type a” CD8αβ+ TCRaβ+ IEL primarily 

represent antigen-specific cytotoxic T cells. They are able to kill via 

perforin/granzymes or engagement of the Fas receptor [54]. Adoptive transfer of 

“type a” antigen-specific intestinal IEL into a naïve host can protect against challenge. 

This was shown by a murine model, where IEL obtained from the intestines of mice 

infected with Toxoplasma gondii, provided long term protection to naïve hosts [55].  

“Type b” IEL differ substantially from “type a” IEL with respect to expression of 

their cell surface markers, function and ontogeny – as already discussed earlier.  

CD8αα+ TCRαβ+ IEL have been described as auto-reactive but not self-destructive. 

This finding is illustrated in TCR-antigen double transgenic mice. These mice express 

an LCMV (lymphocytic choriomenigitis virus) epitope-specific TCR transgene and 

the cognate antigen transgene driven by an MHC class I promoter. Upon systemic 

LCMV infection CD8αα+ TCRαβ+ T cells show clear signs of activation, but in 

contrast to conventional TCRαβ+ T cells their activation does not result in cytolytic 

effector functions and tissue destruction [56]. TCRγδ+ “type b” IEL are described to 

have different functions. They are not MHC class I- or class II-restricted and are able 

to recognize non-classical MHC class Ib molecules in order to act as a first line of 

defense [57]. Furthermore, TCRγδ+ T cells promote epithelial wound healing by the 

production of keratinocyte growth factor (KGF), indicating another protective 

function of unconventional IEL. 

 

2.3. Intestinal immunopathology 

2.3.1. Intestinal inflammatory reactions – failure of the gut homeostasis 

The intestine builds the largest surface of the body exposed to the external 

environment. The normal gut microflora comprises mainly bacteria but viruses, fungi 

and protozoa can also be present. The small bowel contains only few bacteria, while 

the highest number of bacteria can be found in the colon. Most of them are obligate 

anaerobes such as Bacteroides, Eubacterium, Bifidobacterium, Fusobacterium, 

Peptostreptococcus and others [58]. Intestinal microbiota represent not only a threat 

to our organism, but they also actively metabolize undigested carbohydrates and 

produce essential vitamins. Thus, the intestinal immune system must defend our body 

form invading pathogens and at the same time support symbiosis with commensals. 
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Failure of this highly sophisticated system can lead to inflammatory responses, tissue 

destruction and functional impairment.  

As discussed in the chapter of oral tolerance the intestine is in a state of “suppressed 

inflammation”. In general, under the influence of TGF-β and IL-10 innate and 

adaptive immune cells are kept suppressed after eradication of pathogens.  

 
Figure 3: Suppressed inflammatory state of the gastrointestinal mucosa (adapted from Sartor 

et al. [59]). In this state there is a high production of IL-10 and TGF-β, blocking 

overreactions of inflammatory (Th1 / Th17) responses 
 

However, if there is an epithelial injury, bacterial invasion can occur and induce the 

production of IL-12 and IL-23 in order to stimulate a Th1 or Th17 type of immune 

response. Th1 responses are mainly implicated in the pathogenesis of inflammatory 

bowel disease and a number of other autoimmune and inflammatory disorders. More 

recently IL-23 has attracted interest as a suggested key driver of chronic intestinal 

inflammation in humans and mice. IL-23 was shown to promote a novel subset of 

CD4+ helper T cells (Th17 cells), which are able to produce pro-inflammatory 

cytokines as TNFα and IL-17 [60]. Several mouse models demonstrate the important 

role of IL-23 in the induction of intestinal inflammation. In Rag-/- mice, 

administration of an agonistic CD40 monoclonal antibody led to a systemic and 

intestinal inflammation. Functional analyses showed that the systemic response was 

driven by IL-12, whereas the intestinal inflammation required the presence of IL-23. 
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These results identify IL-23 as a key effector cytokine within the intestinal immune 

system [61].  

 

 
Figure 4: Epithelial injury with bacterial invasion is followed by antigen presentation and 

IL-12 / IL-23 production. This leads to Th1 and Th17 clonal expansion and secretion of TNF 

and IFN-γ. The results are phagocyte activation, ongoing inflammation and mucosal damage 

(adapted from Sartor et al. [59]). 
 

Antigen stimulated CD4+ helper cells are also able to secrete small amounts of IL-4, 

which promotes a Th2 response. Th2-driven cytokines are important for the 

development of ulcerative colitis (UC), as demonstrated in diverse mouse models. 

Intrarectal administration of the hapten oxazolon to mice without prior sensitization 

induces a Th2-driven colitis, characterized by the production of IL-4 and IL-5. In 

chronic forms of oxazolone colitis, the initial IL-4 response is super-imposed by an 

IL-13 response [62].  

 

2.3.2. Inflammatory bowel disease (IBD) 

There is general agreement among human and veterinary investigators that the 

external environment, the patient’s genetic background, the intestinal microflora and 

the immune system are all involved and functionally integrated in the generation of 

IBD [63].  
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Figure 5: The IBD pathogenesis includes several factors such as genetic background, 

environment, microbial flora and the immune system (adapted from Kucharzik et al. [64]) 

 

The field of genetics has opened new insights into the pathogenesis of IBD. Several 

genetic loci have been linked with IBD. The most explored and described so far are 

the NOD2/CARD 15 mutations. NOD2 belongs to a family of intracellular proteins 

that recognize bacterial muramyl dipeptide, a major component of the bacterial wall. 

Variants of NOD2 are not only present in some phenotypic subtypes of patients; they 

are also associated with some clinical aspects of the disease (e.g. early onset, fistula 

development) [63,64]. The precise mechanisms through which NOD2 mutations may 

predispose to the development of Crohn`s Disease are still under debate. 

Nevertheless, the discovery of these mutations in IBD patients strengthened the 

hypothesis that in IBD an aberrant immune response is directed against components 

of the intestinal microflora. In dogs, the genetic background of IBD is fairly 

unknown, although pure-bred dogs (e.g. Soft-coated Wheaten Terriers and 

Lundehunds), suffering from IBD and protein-losing enteropathy, seem to be over-

represented in the veterinary literature [65,66].  

The intestinal bacterial flora plays a major role in the initiation and perpetuation of 

chronic IBD. Animal models clearly demonstrated that colitis does not develop in IL-

10 gene-deficient mice in a germ-free environment [67]. Furthermore, in human IBD, 

inflammation is present in parts of the gut containing the highest bacterial 

concentrations [68]. Also enhanced mucosal permeability may contribute to chronic 

intestinal inflammation. Recent data from animal models show that inflammation in 

the gastrointestinal tract can be initiated by molecular defects restricted to the 
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epithelium in the presence of normal flora and normal underlying innate and adaptive 

immune responses [69].  

In human patients, IBD can be subdivided into Crohn`s Disease and ulcerative colitis 

(UC). The two forms of the disease do not only differ in their clinical picture, there 

are also very different immune processes at play. Crohn`s Disease is a marked 

transmural granulomatous process, which can affect any part from the gastrointestinal 

tract from the mouth to the anus and it is usually driven by a Th1/Th17 response. UC 

is a more superficial disease, which usually affects the colon and is driven by a Th2 

response.  

 
Figure 6: Intestinal mucosal homeostasis demonstrates a fragile balance between effector 

cells and regulatory cells. In case of inflammatory bowel disease, there is an imbalance 

towards the inflammatory response. Depending on the type of the disease a Th1/ Th17 

immune response or a Th2 immune response can dominate. (adapted from Sanchez-Munozet 

al. [70]) 

 

Canine IBD still lacks these exact definitions. In dogs, the two major forms of IBD 

cannot be distinguished and IBD is common in both, the small and large intestine 

[71]. Despite the high frequency of IBD in dogs, the diagnosis is still based on the 

presence of chronic gastrointestinal symptoms, the exclusion of underlying infectious 

or neoplastic diseases and the histological evidence of benign intestinal inflammation. 

In dogs the most common form is a lymphocytic-plasmacytic infiltration in the 
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intestinal walls, although other cell infiltrates are also described (neutrophilic, 

eosinophilic) [72]. Increased numbers of CD3+ T lymphocytes in the epithelium and 

in the lamina propria have been documented in the colon and in the duodenum of 

dogs with IBD [73,74]. These findings demonstrate the implication of T lymphocytes 

in canine IBD, however, so far no difference in cytokine expression could be found 

between healthy and IBD-affected dogs [26].  

 

Although major progress has been made in the characterization of human IBD, the 

pathomechanisms of canine IBD are fairly unexplored. So it seems to be conclusive, 

that therapies, successfully established in human medicine, often fail in the treatment 

of canine patients or lead to unbearable side effects. This situation demonstrates the 

need for further and detailed studies in order to better understand canine intestinal 

pathomechanisms. The in-depth characterization of canine intestinal intraepithelial 

lymphocytes in this work gives new insights into the canine intestinal immune 

system. Therefore, this work may contribute to a better understanding and a more 

precise characterization of canine IBD into the future.  
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3. AIMS 
The incidence of canine inflammatory bowel disease (IBD) increased in the last years, 

unfortunately often with a fatal outcome. Despite the high frequency of IBD in dogs, 

the diagnosis is still based on clinical signs of chronic diarrhoea, vomiting and weight 

loss, combined with histological evidence of inflammatory infiltration of the intestinal 

mucosa. Although uncontrolled activation of intestinal lymphocytes has been 

suggested one of the underlying reasons for canine IBD, little is known about the 

lymphocyte population in normal and diseased intestine due to the lack of species- 

specific reagents and standard protocols.  

 

Therefore, the main goal of this project is the in-depth phenotypical and functional 

characterization of intestinal T cells in newborn and adult dogs to establish an 

experimental system for future studies on the role of intestinal T cells in the 

development of canine enteropathies. 

Various steps seem to be necessary to reach this final goal. 

I) PHENOTYPICAL CHARACTERIZATION 

1) Immunohistochemical verification of the distribution and quantification of 

intestinal T cells (CD3+) in the epithelium and in the lamina propria in a 

monobreed standard. Furthermore a comparison between neonatal and adult 

dogs will be peformed to investigate, whether distribution changes with 

increased age. 

2) Thorough phenotypical characterization of canine intraepithelial lymphocytes 

(IEL) in adult and neonatal dogs. The use of multiparameter flow cytometric 

analysis will allow the demonstration of differences between peripheral and 

IEL lymphocytes of the different IEL subpopulations. Furthermore, using 

this method the differentiation into conventional type a IEL and the until now 

never described unconventional type b IEL should be possible .  

II) FUNCTIONAL CHARACTERIZATION 

Analysis of canine IEL in regard of their activation and proliferation characteristics.  
 

3) So far, no functional characterization of canine intestinal T cells exists. Thus, 

this part of the study will give important insights into whether intestinal T 
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cells vary substantially from their peripheral counterparts with regards to their 

activation and differentiation profiles. 

After isolation of intestinal intraepithelial lymphocytes, cells will be further 

purified on a FACS Vantage cells sorter. Isolated T cells will be stimulated in 

vitro and T cell activation will be assessed by measuring proliferation (3H -

thymidine uptake). These experiments should reveal whether intestinal T cells 

form different parts of the canine intestine have a different activation pattern 

than their peripheral counterparts.  

 

4) Analysis of cytokine expression of IEL by RT-PCR in regard of 

immunoregulatory cytokines (IL-10, TGF-β). Measurement of mRNA levels 

(IL-10, TGF-β, IFN−γ) upon stimulation of isolated and purified IEL in 

comparison to peripheral lymphocytes will be perfomed, investigating 

differences in the cytokine expression patterns.  
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4. DISSERTATION EQUIVALENTS 

 
4.1. DISSERTATION EQUIVALENT I 

 

Horizontal and vertical distribution of CD3+ T lymphocytes in the intestine of 

healthy adult and neonatal dogs 

 
N.S. Pfammatter, N. Luckschander, S. Jakob, S. Hartnack, T. Brunner, I.A. Burgener. 

 

Despite the high frequency of canine inflammatory bowel disease and the often fatal 

outcome of this serious chronic enteropathy, the pathomechanisms of this disease are 

fairly unknown. Lymphocytes are suggested to play an important role in the 

pathogenesis of IBD in other species. 

Therefore the main goal of this work was the description of the distribution and 

quantification of intestinal T cells (CD3+) in the epithelium and in the lamina propria 

in a monobreed standard. Furthermore a comparison between neonatal and adult dogs 

was peformed to investigate, wheter distribution changes with increased age. 

Full thickness biopsies were obtained from 7 different localizations (stomach, 

descending and ascending duodenum, jejunum, ileum, ascending and descending 

colon) from 6 adult and 4 neonatal healthy beagles. The paraformaldehyde-fixed, 

paraffin-embedded tissue was stained with an anti-CD3 antibody proven to recognize 

canine CD3+ lymphocytes. Cell counts were made computer-assisted to obtain more 

objective results. The CD3+ T lymphocytes were counted in an area of minimally 

200,000 µm2 in the villus and crypt region in the small bowel, whereas in the stomach 

and large bowel, they were counted in top and base layers.  

In general, there was a maximum of CD3+ T lymphocytes in the duodenum and 

jejunum, whereas a decline was seen towards the ileum and colon. Significantly more 

T cells could be found in the lamina propria than in the epithelium. The intraepithelial 

lymphocyctes (IEL) accumulated in the villi, only few IEL were located in the crypts. 

Compared to the adult dogs, the neonatal dogs showed a similar distribution pattern, 

but on average ten times less CD3+ T lymphocytes in the analogous localizations and 

weaker differences between localizations.  
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First of all, this study provides an accurate and objective method for the quantification 

of intestinal lymphocyte numbers. The use of an image analyzing software program 

supports the objective analysis of the CD3+ T cell count per area. The examined area 

(200,000 µm2) was 3.5 to 20 times larger than those examined in previous studies 

[15,27,28], providing more reliable results. 

Furthermore this study demonstrates, that CD3+ T cells can be found frequently in 

canine intestinal lamina propria and epithelium. Also a specific regional distribution 

of intestinal T cells could be shown, which might be accommodated to the special 

needs of this region. For example, the accumulation of the T lymphocytes in the tip of 

the villi probably reflects their high exposure to luminal antigens. The decline of the 

number of T cells from the small intestine to the colon is somehow surprising, taking 

in account the increasing numbers of intestinal bacteria, specially commensal 

bacteria, but could be explained with the decreasing food and external antigen load as 

a consequence of the degradation of ingesta. The distribution pattern of CD3+ T cells 

in neonates was similar to adults, but on average, ten times less CD3+ T lymphocytes 

were found in the analogous localizations, indicating age-dependent changes. 

It is clearly demonstrated, that CD3+ cells are embedded between the epithelial cells 

outside of the basal membrane, with a frequency of 1-2 per every 10 epithelial cells. 

These data indicate that CD3+ lymphocytes, i.e. IEL, are present in the epithelial layer 

of the small and large bowel of Swiss Beagle dogs and can be isolated for further 

characterization.  
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Abstract 

T lymphocytes are considered to play an essential role in the pathogenesis of 

inflammatory bowel disease (IBD). Therefore, it is important to know the 

distribution of these cells in the intestine of healthy dogs and their changes from 

birth to adolescence. The aim of this study was to define the distribution pattern of 

CD3+ T lymphocytes in the intestine of healthy adult dogs and to compare it to 

neonatal puppies. 

Full thickness biopsies were obtained from 7 different localisations (stomach, 

descending and ascending duodenum, jejunum, ileum, ascending and descending 

colon) from 6 adult and 4 neonatal healthy beagles. The paraformaldehyde-fixed, 

paraffin-embedded tissue was stained with an anti-CD3 antibody proven to 

recognize canine CD3+ lymphocytes. The positive cells were counted in an area 

of total 200,000 µm2 in the designated 7 localisations and at 4 different sites per 

localisation (villi and crypts in lamina epithelialis {LE} and lamina propria {LP}, 

respectively). 

The horizontal distribution in adult dogs showed a maximum of CD3+ T 

lymphocytes in the duodenum and jejunum, whereas a decline was seen towards 

the ileum and colon. In the stomach, almost no positive cells were observed. The 

vertical distribution revealed an accumulation in the villi, but only few positive 

cells in the crypts. In the villi of the duodenum, jejunum, and ileum, there were  
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significantly more CD3+ T lymphocytes in the LP than in the LE. Compared to 

the adult dogs, the neonatal dogs showed a similar distribution pattern, but on 

average ten times less CD3+ T lymphocytes in the analogous localisations and 

weaker differences between localisations. This finding suggests that after birth the 

intestinal canine mucosa is gradually being populated by T cells. 

Keywords: inflammatory bowel disease, CD3, T Lymphocytes, Dog, canine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Dissertation Equivalents  28 

 

 

Pfammatter NS, Luckschander N, Jakob S et al. 4 

 

1. Introduction 

The intestinal immune system is constantly exposed to a vast array of luminal 

antigens, including those derived from food, components of the commensal 

microbial flora, and pathogenic organisms. While protective immune responses 

against intestinal pathogens are critical to avoid the invasion of the host, 

uncontrolled responses against food antigens or commensal bacteria may lead to 

devastating inflammatory diseases. Thus, the intestinal immune homeostasis must 

be tightly regulated to avoid a state of chronic uncontrolled inflammation 

(German et al., 2003). Current data in human patients suggest that inflammatory 

bowel disease (IBD) is the result of various predisposing genetic and 

environmental factors acting on the immunoregulatory system (Sartor, 1997), 

eventually leading to its over-activation and excessive inflammation of the 

gastrointestinal mucosa. Furthermore, IBD is likely also the result of an imbalance 

between effector and regulatory T cell responses (Strober et al., 2002). In humans, 

IBD is classified in Crohn’s Disease and Ulcerative Colitis. Crohn’s Disease can 

affect the whole gastrointestinal tract from the mouth to the anus with the terminal 

ileum and the right colon being affected most commonly, whereas Ulcerative 

Colitis is an inflammatory disease of the large intestine. While Ulcerative Colitis 

is limited to the mucosal surface, Crohn’s Disease involves the entire bowel wall.  

(Isaacs et al., 2005). In dogs, these two major forms cannot be distinguished and 

IBD is common in both, the small and large intestine (Guilford, 1996).  
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Canine IBD has been defined as a spectrum of gastrointestinal disorders with 

persistent or recurrent diarrhea and/or vomitus, failure to respond to symptomatic 

therapies alone (parasiticides, antibiotics and gastrointestinal protectants), failure 

to document other causes of gastroenteritis by thorough diagnostic evaluation, and 

histologic evidence of benign intestinal inflammation. This inflammation is 

further characterised by the type of cellular infiltrate (neutrophilic, eosinophilic, 

lymphocytic, plasmacytic, granulomatous), where lymphocytic-plasmacytic 

infiltration is the most common form in dogs (Hall and German, 2005). Increased 

numbers of CD3+ T lymphocytes in lamina propria (LP) and lamina epithelialis 

(LE) have been documented in lymphocytic colitis (Leib et al., 1989; Stonehewer 

et al., 1998; Jergens et al., 1999; German et al., 2001), in the duodenum of dogs 

with IBD (Jergens et al., 1992; German et al., 2001) and in histiocytic ulcerative 

colitis (German et al., 2000). In contrast to these studies, Jergens (1996) found a 

reduced numbers of CD3+ cells in the small intestine of dogs with IBD. When 

comparing CD3+ cells in dogs with chronic enteropathies, Schreiner et al. (2008) 

did not find significant differences before and after therapy. Furthermore, 

decreased lymphocyte apoptosis has been documented in the duodenum of dogs 

with IBD (Dandrieux et al., 2008). Given the important role of T lymphocytes in 

IBD and the somewhat conflicting results, further studies on absolute numbers 

and distribution pattern of intestinal T cells are needed for clarification. 
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Therefore, the aim of this study was to determine the distribution of T 

lymphocytes in LP and LE from stomach to colon in healthy dogs of a single 

breed to allow subsequent comparison with dogs suffering from chronic 

enteropathies like IBD. The additional comparison of intestinal T cells in adult 

versus neonatal dogs should further assess how the intestinal mucosa is populated 

with lymphocytes during development.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Dissertation Equivalents  31 

 

 

Pfammatter NS, Luckschander N, Jakob S et al. 7 

 

2. Materials and methods 

2.1. Dogs 

Full thickness biopsies of clinically healthy Beagles were obtained at necropsy 

immediately after euthanasia. Six adult clinically healthy dogs from a research 

facility were eliminated for reasons unrelated to the gastrointestinal tract, whereas 

four neonatal puppies (1-2 days old) were super-numerous at a laboratory animal 

breeding facility. All experimental procedures were approved by the Cantonal 

Committee for Animal Experimentation, Bern, Switzerland. The group of adult 

dogs had a median age of 11 years (range 9-11 years). Immediately after 

euthanasia by intravenous barbiturate injection, full thickness sections from 7 

different localisations were obtained: stomach (pyloric region), descending and 

ascending duodenum (at the end of the pancreatic limb and at the transition to the 

jejunum), jejunum (middle part), ileum (close to the ileocaecal junction), and 

ascending and descending colon (next to the caecocolic junction and at the 

transition to the rectum; see Fig. 1). From all localisations and all dogs, routine 

stainings with hematoxylin and eosin were performed. 

 

2.2. Antibodies 

Preliminary work revealed that the mouse anti-canine CD3 (clone CA17.2A12, 

Serotec, Oxford, GB) is not suitable for staining paraffin-embedded tissue (results 

not shown). In contrast, a rabbit anti-human CD3 antibody (Neomarkers, Fremont,  
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USA) has been shown to work on paraffin-embedded tissue and to crossreact with 

canine T cells. To prove specificity of anti-human CD3 for canine CD3, 

antibodies were tested on cytospins of highly purified canine peripheral blood 

CD4+ T cells. Briefly, mononuclear cells were isolated from peripheral blood of a 

healthy dog using a Ficoll paque plus density gradient (GE Healthcare, Uppsala, 

Sweden) as described by the manufacturer. Mononuclear cells were then stained 

with rat anti-canine CD4 RPE Ab (clone YKIX 302.9, Serotec) and sorted for 

CD4+ T cells on a FACSVantage cell sorter (BD Biosciences, Franklin Lakes, NJ, 

USA). After cytospin (3 minutes, 300g), the CD4+ cells were either stained with 

rabbit Immunoglobin G (Sigma, St. Louis, USA) as isotype control, mouse anti-

canine CD3, or rabbit anti-human CD3, followed by the adequate biotinylated 

secondary Abs (goat anti-mouse or goat anti-rabbit, Dako, Glostrup, Denmark). 

The CD4+ T lymphocytes were positively stained with both Abs, whereas the 

isotype control was negative (Fig. 2 a-c). Another control with the rabbit anti-

human CD3 was performed by immunohistochemistry. The Ab stained canine 

cells in well known localisations of CD3+ cells, as around the vessels in the 

spleen (periarteriolar lymphoid sheaths; PALS) and in the lymph follicles in the 

ileum of neonatal puppies (Fig. 2 d-f). 
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2.3. Tissue preparation and immunohistochemistry 

After obtaining the tissue, it was transported in gauze tinctured with 0.9% sodium 

chloride solution in plastic tubes on ice. Tissue samples were then fixed in 4% 

paraformaldehyde and embedded in paraffin. The sections were cut in 5 µm slices 

and used for immunohistochemical examination. The tissue sections were 

deparaffinised, rehydrated and boiled for 10 min in a steamer. After rinsing in 

Tris-buffered saline (TBS, pH 7.4), the endogenous peroxidase activity was 

blocked by incubation with endogenous peroxidase blocking solution (S2001, 

Dako) for 20 minutes in a moist chamber at 20°C. After a washing step with TBS, 

the sections were incubated with 5% goat serum supplemented with 0.5% casein 

and 0.1% sodium azide in TBS (Ab dilution buffer) for 30 minutes at 20°C. The 

tissue was then stained with the primary Ab (rabbit anti-human CD3, diluted 

1:100 in Ab dilution buffer with 5% goat serum (adult dogs) or with 2.5% goat 

serum and 2.5% dog serum (neonatal dogs)) for 60 min in a moist chamber at 

20°C. The dog serum was added to the Ab dilution buffer for the neonates to 

avoid background staining of the phagocyted maternal Abs in the LE due to the 

polyclonal character of the rabbit anti-human CD3 Ab. Purified rabbit 

immunoglobulin was used at 1 µg/ml as staining control. Sections were then 

washed for 2x3 min in TBS. The secondary biotinylated goat anti-rabbit Ab 

(1:100) was applied for 60 min in a moist chamber at 20°C. Sections were washed 

2x3 min in TBS prior to incubation with the pre-aggregated avidin-biotinylated  
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horseradish peroxidase complex (K 0376, Dako: 1:200 in TBS) for 40 minutes. 

After washing in TBS, immunohistochemistry was developed by incubating 

sections for 7-8 min in the dark with horseradish peroxidase substrate solution 

(0.2 mg/ml 3,3´-diaminobenzidine tetrahydrochloride DAB, 0.012% H2O2, 20 

mM citric acid monohydrate, 100 mM imidazole, 100 mM NaCl, pH 7.0) in a 

glass cuvette. Slides were washed and counterstained for 30 seconds with 

hematoxilin, followed by rinsing in tab water. Sections were then dehydrated 

(2x20 s 35% ethanol, 2x20 s 70% ethanol, 2x20 s 95% ethanol, 2x2 min 100% 

ethanol, 2x5 min xylol) and mounted with Eukitt mounting medium (Electron 

Microscopy Sciences, Hatfield, GB) and appropriate cover slips (Jakob et al., 

2008). 

 

2.4. Evaluation of sections 

All sections were analysed by a single investigator (NSP). Initial analysis of the 

distribution of positive cells was made with the x5, x10 and x20 objectives. 

Images were taken with a microscope (Axioplan 2, Zeiss, Feldbach, Switzerland) 

and a digital camera (Axiocam HR, Zeiss) with the x20 objective and were then 

transferred to a computer. Cell counts were made with a computer image analysis 

system (Image Pro Plus, Version 1.3.1., MediaCybernetics, Maryland, USA). The 

CD3+ T lymphocytes were counted in the villus and crypt region in the small 

bowel, whereas in the stomach and large bowel, they were counted in top and base  
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layers (Fig. 3). The space between the crypts and the muscularis mucosae was not  

 

taken into evaluation. In each area, the LE and the LP were delineated on the 

computer screen and the positively stained cells were identified by the 

investigator in an area of minimally 200,000 µm2. The results were expressed as 

positive cells per 200,000 µm2 in top and base of LE and LP, respectively, for 

each localisation. 

 

2.5 Statistical analysis 

In order to find differences between the seven localisations repeated measures 

ANOVAs with Bonferroni correction for multiple comparisons were performed 

for the four different sites in the adults and the neonates with the software package 

SPSS (SPSS® version 14.0 SPSS Inc., Chicago, IL, USA). For the comparison of 

LE versus LP and top versus base a Wilcoxon signed rank test was performed. 
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3. Results 

3.1. Histology 

Hematoxylin and eosin stained sections were initially examined by a single 

pathologist. The majority of sections had normal architecture and cellular 

distribution, but abnormalities were occasionally observed. In all cases, these 

changes were focal. Thus, cell counts were not made in the abnormal areas 

(German et al., 1999).  

 

3.2. Adult dogs 

 

3.2.1. Horizontal distribution 

An example of the different localisations of an adult dog is presented in Fig. 4. 

Taken the six adult dogs together, there was a decline in CD3+ cells in top LE and 

LP from the small intestine to the colon, whereas the stomach contained almost no 

CD3+ cells (Fig. 5). In top LP, the ileum showed similar numbers of CD3+ cells 

than the rest of the small intestine, whereas in top LE of the ileum, the numbers 

were similar to those of the colon. The obvious differences between small and 

large intestine from the top where not evident anymore in the base LE and LP, 

where in general less CD3+ were found. 

With regard to significant differences, the stomach expressed less CD3+ cells in 

top LE compared to the descending duodenum (p = 0.024), the ascending colon (p  
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= 0.034) and the descending colon (p = 0.008). In top LP, the stomach expressed 

significantly less CD3+ cells than the descending duodenum (p = 0.001), the 

ascending duodenum (p = 0.004), the jejunum (p = 0.009) and the descending 

colon (p = 0.027). Furthermore, the ascending colon revealed less CD3+ 

lymphocytes than the descending duodenum (p = 0.004), the ascending duodenum 

(p = 0.020), and the jejunum (p = 0.033), whereas the descending colon expressed 

less CD3+ cells than the descending duodenum (p = 0.003). 

In base LE, the stomach expressed significantly less CD3+ cells than the ileum (p 

= 0.045) and the ascending colon (p = 0.039), whereas the ascending duodenum 

revealed less CD3+ lymphocytes than the ascending colon (p = 0.045). In the base 

LP, there were no significant differences detectable. 

3.2.2. Vertical distribution 

The vertical distribution revealed a decrease from the top of the villi to the base 

for the small intestine, whereas there was no obvious difference between top and 

base in the colon. In the tips of the villi, there was an obvious 

compartmentalisation of T lymphocytes, with a gradual decline towards the base 

of the villi and the crypts. When comparing the 4 layers together, the variation of 

CD3+ cells was higher in top LE compared to top LP, whereas it was minimal in 

the basal layers (Fig. 5). 

A significant decrease from top LE to base LE was found in descending 

duodenum, ascending duodenum, jejunum (for all p = 0.028), ileum (p = 0.046)  
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and descending colon (p = 0.028). In the LP, a significant decrease from top to 

base was seen throughout all regions of the intestine except the stomach.  

 

3.2.3. Absolute numbers  

The absolute numbers of CD3+ cells in top LE and top LP were lowest in the 

colon, whereas they were approximately twice as high in duodenum and jejunum 

in top LE, and ~3 x higher in the small intestine in top LP. The absolute numbers 

in the basal layers throughout the whole gastrointestinal tract were similar to the 

values in the colon in the top layers with the exception of the small intestine LE, 

where the average values were even lower.  

 

3.3. Neonatal dogs 

 

3.3.1. Horizontal distribution 

An example of the different localisations of a neonatal dog is presented in Fig. 6. 

Taken the four neonatal dogs together, there was a decline in CD3+ cells in top 

LE and LP from duodenum to jejunum, ileum and colon, whereas the stomach 

contained almost no CD3+ cells (Fig. 7). In the top LE, the ileum showed less 

CD3+ cells than the colon. Unlike in adult dogs, the jejunum revealed less  
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had positive cells in top LE and LP than the duodenum, whereas the ascending 

colon a similar density of CD3+ cells as the jejunum. The obvious differences 

between duodenum and the rest disappeared in the base LE and LP, where in 

general less CD3+ were found.  

With regard to significant differences, the jejunum expressed less CD3+ cells in 

top LE than the descending duodenum (p = 0.007). In top LP, the stomach 

revealed significantly less CD3+ lymphocytes than the ileum (p = 0.044), whereas 

there were no significant differences detectable in the basal layers. 

 

3.3.2. Vertical distribution 

The vertical distribution revealed a decrease from the top to the base of the 

duodenum, whereas there was no obvious difference between top and base in the 

jejunum (Fig. 7). In the ileum, a comparison between top and base was not 

possible due to the fact that the base region contained numerous lymph follicles 

(Fig. 6e). In the ascending colon, a decline from top to base was seen, whereas 

there was no obvious difference in the descending colon. Statistically no 

significant differences were found.  

 

 

 

 



Dissertation Equivalents  40 

 

 

Pfammatter NS, Luckschander N, Jakob S et al. 16 

 

3.3.3. Absolute numbers 

The absolute numbers of CD3+ cells in top LE and top LP were similar and 

highest in the duodenum, whereas the jejunum and ascending colon revealed 

approximately 50% less positive cells than the duodenum, but still more than the 

ileum. The absolute numbers in the basal layers were highest in the jejunum and 

the colon in the base LE, whereas there were more CD3+ cells in LP in the small 

intestine than in the colon.  

 

3.4. Comparison between adult and neonatal dogs  

Compared to the adult dogs, the neonatal dogs showed a similar distribution 

pattern, but on average ten times less CD3+ T lymphocytes in the analogous 

localisations (Fig. 5 and 7). Nevertheless, differences were found in top LE and 

LP in the jejunum, ileum and ascending colon: the jejunum in neonates yielded 

less CD3+ cells than the duodenum, the ileum showed less CD3+ cells than the 

ascending colon, and the ascending colon expressed more positive cells than the 

descending colon. Furthermore, the amount of CD3+ cells in top LE and LP of the 

small intestine was similar in neonatal dogs, whereas in adult dogs, there were 

significantly more positive cells in the LP. In the basal layers, there were two 

major differences between neonatal and adult dogs. In the stomach of neonatal 

dogs, the difference between top and base could not be determined because there  
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was no obvious base region (Fig. 6 b). The second major difference was found in 

the ileum, where the base region was full of lymphoid follicles with a B cell 

nucleus and CD3+ T lymphocytes around it (Fig. 6e), which made comparative 

counting impossible.  
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4. Discussion  

IBD is a common cause of chronic diarrhea in dogs, were lymphocytic-

plasmacytic infiltration is the most common histological finding. The diagnosis of 

LP cellularity relies on the experience and the bias of the pathologist, even though 

attempts for standardisation of histology have been made (Day et al., 2008). In 

this investigation, a systematic comparative analysis of CD3+ T lymphocytes in 

the intestinal LE and LP of neonatal and adult healthy dogs was carried out to 

allow subsequent comparison with dogs suffering from chronic enteropathies like 

IBD. Interestingly, the horizontal distribution of CD3+ T cells in neonatal and 

adult dogs showed a decline from the small intestine to the large intestine, 

whereas the stomach yielded almost no positive cells. Furthermore, the T 

lymphocytes gradually decreased from the villus tip towards the crypts. Compared 

to the adult dogs, the neonatal dogs showed on average ten times less CD3+ T 

lymphocytes in the analogous localisations. Previous studies in mice have shown 

that the colonization of the intestine with commensal bacteria also triggers the 

expansion and distribution of intestinal T cells (Bauer et al., 2006). While an 

increase of CD3+ T cells from neonates to adults, and stomach to small intestine 

is in agreement with this notion, the strong decline from the small intestine to the 

more heavily with bacteria colonized large intestine may not follow the same 

rules.  

Different studies in the past have analysed the distribution of CD3+ lymphocytes 

in the intestinal mucosa. All but one of these studies (Kleinschmidt et al., 2007) 
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used a rabbit anti-human CD3 Ab from Dako, crossreacting with canine CD3. In 

our own study, a different rabbit anti-human CD3 Ab from Neomarkers was used. 

Therefore, the specificity of this antibody for canine CD3 had to be proven. This 

was demonstrated by sorting canine CD4+ T cells from peripheral blood and 

simultaneously staining them with an anti-canine CD3 Ab (not suitable for 

paraffin sections) and the rabbit anti-human CD3 Ab (suitable for paraffin 

sections). Both antibodies specifically stained CD4+ T cells (Fig. 2b,c). 

Furthermore, the rabbit-anti human CD3 Ab stained canine cells in well known 

localisations of CD3+ cells, as around the vessels in the spleen (PALS) and in the 

lymph follicles in the ileum of a neonatal puppies (Fig. 2e,f). 

The main goal of this study was to establish a bench mark for CD3+ lymphocyte 

distribution in healthy dogs for further analysis and comparison with dogs 

suffering from IBD. Therefore, we wanted to establish a cell counting system 

where the values of CD3+ lymphocytes in LP (LP lymphocytes = LPL) and LE 

(intraepithelial lymphocytes = IEL) are determined the same way and the two 

compartments can be compared. In previous studies, CD3+ lymphocytes in the LE 

were specified by numbers of IEL per 100 enterocytes (Elwood et al., 1997; 

Stonehewer et al., 1998; German et al., 1999; Kleinschmidt et al., 2007). In 

contrast, counting the CD3+ cells per area using an image analysing software 

program or a grid may prove to be easier to use in diagnostical analysis. 

Furthermore, by counting the cells in defined total areas (i.e. 200,000 µm2), the  
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results should be less susceptible to a sampling bias. To count T cells in at least  

200,000 µm2 2-5 images of the gut (with a 20 x objective) had to be analysed in 

adult dogs and 8-10 images in neonatal dogs. This chosen area is 3.5 to 20 times 

bigger than those examined in previous studies with the idea to get more accurate 

and stable results for the LPL as well as the IEL. In previous studies, the LPL 

were specified as positive cells per 100 mononuclear cells in an area of 60,500 

µm2 (Stonehewer et al., 1998), per area of 10,000 µm2 (German et al., 1999; 

Kleinschmidt et al., 2007) or 5-10 x 2500 µm2 (Elwood et al., 1997). Due to the 

different counting methods used in these studies, CD3+ IEL and LPL could not be 

compared together.  

The different studies in the past revealed partially conflicting results when 

investigating the CD3+ T cell distribution. In the study presented herein, a higher 

number of localisations over the whole gastrointestinal tract were taken into 

account, with 7 localisations from the stomach to the colon. The stomach yielded 

almost no CD3+ cells. This finding is expected because of the minimal bacterial 

flora due to the acidic gastric juice and the surface protection by mucus (Kenneth, 

2008). The decline of the number of T cells from the small intestine to the colon 

could be explained with the decreasing antigen load as a consequence of the 

degradation of ingesta (Kleinschmidt et al., 2007). Although different regions and 

localisations evaluated, the same vertical distribution pattern was documented in 

previous studies (Elwood et al., 1997; German et al., 1999; Kleinschmidt et al., 

2007). Jergens (1996) described a uniform distribution in 3 different localisations  
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in the villi of the duodenum. The compartmentalisation of the T lymphocytes in 

the tip of the villi in the small intestine probably reflects an increasing level of 

exposure to luminal antigens (Elwood et al., 1997). Furthermore, T cell responses 

depend on presentation of antigens by molecules of the major histocompatibility 

complex (MHC) on antigen-presenting cells (APC). MHC class II+ APC are 

predominantly dentritic cells, which in dogs are located in subepithelial regions of 

the villus LP (Elwood et al., 1997; Kleinschmidt et al., 2007).  

The absolute numbers of CD3+ cells observed in LP of adult dogs in this study 

were similar to those described in the study of German et al. (1999). When 

comparing the results for adult dogs with Elwood and co-workers (1997), they 

found much more CD3+ LPL in the top and center of the villi (~4 times more in 

duodenum, jejunum and ileum), but similar numbers in the base of the villi and 

the crypts. Kleinschmidt et al. (2007) on the other hand had much lower numbers 

of CD3+ cells, which he explained with the use of a monoclonal anti-CD3 

antibody compared to polyclonal antibodies used by Elwood (1997) and German 

(1999). Nevertheless, given the much higher area accounted for in the study 

described herein, the authors expect their results to be more accurate and less 

susceptible to bias. As already described above, the absolute numbers of CD3+ 

IEL are not comparable to other studies due to a different counting method used. 

In the small intestine, the top LE yielded less CD3+ cells and a greater variation 

than the top LP in adult dogs, but not neonates. It has been suggested that T cells  

migrate from the LP towards the lumen in response to antigenic stimulatio 
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 (Jergens et al., 1996) and that LPL function as a reservoir for the IEL population. 

Therefore, it would be very interesting to compare healthy dogs with IBD dogs, 

and IBD dogs before and after therapy.  

The distribution pattern of CD3+ T cells in neonates was similar to adults, but on 

average, ten times less CD3+ T lymphocytes were found in the analogous 

localisations. The immune system of neonates is immunologically competent at 

the time of birth, but any immune response in infancy must necessarily be a 

primary response (Chappuis, 1998). According to Chappuis (1998), the 

maturation of the immune response will occur during the first 2-3 weeks. With 

this in mind, a continuous augmentation of the number of T lymphocytes should 

take place in the first month of life. Kleinschmidt et al. (2007) examined the 

intestine of young dogs (1 month to 1 year) and compared it with adult and senior 

dogs. As discussed above, their results were not comparable with our results, 

partially due to the use of another anti-CD3 Ab. Nevertheless, the distribution in 

the LP of the villi and the base of the crypts was similar. 

In a small group of 19 dogs with chronic enteropathies, Schreiner et al. (2008) did 

not find significant differences in CD3+ cells in duodenal LP before and after 

therapy in 10,000 µm2. At the end of our study, the new protocol with 200,000 

µm2 was used to investigate endoscopical biopsies from dogs with chronic 

enteropathies. Biopsies of duodenum and colon of 3 dogs with food-responsive  

diarrhea (FRD), 2 dogs with IBD, and duodenum of 3 dogs with protein-losing 

enteropathy (PLE) secondary to severe IBD were analysed (Fig. 8). 

Histologically, the surface and architecture looked similar to that of the clinically 
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healthy dogs. The decline of CD3+ T cells from the small intestine to the colon 

and from the villi to the crypts was similar as in healthy dogs. In the villi, a 

compartmentalisation as described in healthy dogs could not be seen, and the T 

lymphocytes were more disseminated over the whole villus. The biopsies of dogs 

with PLE revealed a lot more T lymphocytes in the villi than biopsies from 

healthy dogs or dogs with FRD or IBD. However, due to the limited number of 

samples, these results have to be considered preliminary and further studies with a 

higher number of diseased dogs are needed to obtain conclusive and statistically 

significant results.  

In conclusion, the evaluation of the distribution of CD3+ T lymphocytes in 

healthy adult dogs can be used as bench mark to be compared with the distribution 

in dogs with enteropathies like IBD. Furthermore, the comparison with the 

neonatal puppies may help to understand the process of maturation of the immune 

system. Whether the tenfold increase of CD3+ T lymphocytes is a continuous 

event or occurs in the first few weeks of life is currently not known.   

 

Acknowledgements 

The authors would like to thank Anna Oevermann and Andreas Kappeler for their  

support in histology and immunohistochemistry, Bernadette Wider for cell 

sorting, Daniel Sidler and Mario Noti for help with generation of graphs, as well 

as Novartis Santé Animal SA, St-Aubin, Switzerland. This work was supported 

by the Department of Clinical Veterinary Medicine of the Vetsuisse Faculty of the  



Dissertation Equivalents  48 

 

 

Pfammatter NS, Luckschander N, Jakob S et al. 24 

 

University of Bern and in part by a grant from Swiss National Science Foundation 

and Crohn’s and Colitis Foundation of America to TB.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Dissertation Equivalents  49 

 

 

Pfammatter NS, Luckschander N, Jakob S et al. 25 

 
References 
 

Bauer, E., Williams, B.A., Smidt, H., Verstegen, M.W., Mosenthin, R., 2006. 

Influence of the gastrointestinal microbiota on development of the immune system 

in young animals. Curr. Issues Intest. Microbiol., 7, 35.51. 

 

Chappuis, G., 1998. Neonatal immunity and immunisation in early age: lessons 

from veterinary medicine. Vaccine, 16, 1468-1472. 

 

Dandrieux, J.R., Bornand, V.F., Doherr, M.G., Kano, R., Zurbriggen, A., 

Burgener I.A., 2008. Evaluation of lymphocyte apoptosis in dogs with 

inflammatory bowel disease. Am. J. Vet. Res., 69(10), 1279-1285. 

 

Day, M.J., Bilzer, T., Mansell, J., Wilock, B., Hall, E.J., Jergens, A., Minami, T., 

Willard, M., Washabau, R., 2008. Histopathological Standards for the Diagnosis 

of Gastrointestinal Inflammation in Endoscopic Biopsy Samples from the Dog 

and Cat: A Report from the World Small Animal Veterinary Association 

Gastrointestinal Standardization Group. J. Comp. Path., 138, 1-43. 

 

Elwood, C.M., Hamblin, A.S., Batt, R.M., 1997. Quantitative and Qualitative 

Immunohistochemistry of T Cell Subsets and MHC Class II Expression in the 

Canine Small Intestine. Vet. Immunol. Immunopathol., 58, 195-207. 

 

 



Dissertation Equivalents  50 

 

 

Pfammatter NS, Luckschander N, Jakob S et al. 26 

 

German, A.J., Hall, E.J., Day, M.J., 1999. Analysis of Leucocyte Subsets in the 

Canine Intestine. J. Comp. Path., 120, 129-145. 

 

German, A.J., Hall, E.J., Kelly, D.F., Watson, D.J., Day, M.J., 2000. An 

immunohistochemical study of histiocytic ulcerative colitis in boxer dogs. J. 

Comp. Path., 122, 163-175. 

 

German, A.J., Hall, E.J., Day, M.J., 2001. Immune cell populations within the 

duodenal mucosa of dogs with enteropathies. J. Vet. Intern. Med.,15, 14-25.  

 

Guilford, W.G., 1996. Idiopathic Inflammmatory Bowel Diseases. In: Guilford, 

W.G., Center, S.A., Strombeck, D.R., Williams D.A., Meyer D.J. (Eds.), 

Strombeck’s Small Animal Gastroenterology, 3rd edition, Saunders, Philadelphia, 

USA, pp. 451-485. 

 

Hall, E.J., German, A.J., 2005. Diseases of the Small Intestine. In: Ettinger, S.J., 

Feldmann, E.C. (Eds.), Textbook of Veterinary Internal Medicine, 6th edition, 

Elsevier Saunders, St. Louis, USA, pp.1332-1408. 

 

Isaacs, K.L., Lewis, J.D., Sandborn, W.J., Sands, B.E., Targan, S.R., 2005. State 

of the Art: IBD Therapy and Clinical Trials in IBD.  Inflamm. Bowel Dis., 11, 3-

12. 



Dissertation Equivalents  51 

 

 

Pfammatter NS, Luckschander N, Jakob S et al. 27 

 

Jakob, S., Corazza, N., Diamantis, E., Kappeler, A., Brunner, T., 2008. Detection 

of apoptosis in vivo using antibodies against caspase-induced neo-epitopes. 

Methods, 44, 255-261.  

 

Jergens, A.E., Moore, F.M., Kaiser, M.S., Hayens, J.S., Kinyon, J.M., 1996. 

Morphometric evaluation of immunoglobulin A-containing and immunoglobulin 

G-containing cells and T cells in duodenal mucosa from healthy dogs and from 

dogs with inflammatory bowel disease or nonspecific gastroenteritis. Am. J. Vet. 

Res., 57, 5, 697-704.  

 

Kleinschmidt, S., Menesesm, F., Nolte, I., Hewicker-Trautwein, M., 2007. 

Distribution of mast cell subtypes and immune cell populations in canine 

intestines: Evidence for age-related decline in T cells and macrophages and 

increase of IgA-positive plasma cells. Res. Vet. Sci., 84, 41-48. 

 

Roitt, I., Brostoff, J., Male, D., 1996. Immunology. Times Mirror International 

Publisher Ltd, 4th edition, London, pp. 2.1-2.18. 

 

Sartor, R.B., 1997. Pathogenesis and immune mechanisms of chronic 

inflammatory bowel diseases. Am. J. Gastroenterol., 92, 5-11. 

 

 



Dissertation Equivalents  52 

 

 

Pfammatter NS, Luckschander N, Jakob S et al. 28 

 

Schreiner, N.M.S., Gaschen, F., Gröne, A., Sauter, S.N., Allenspach, K., 2008. 

Clinical signs, histology, and CD3-positive cells before and after treatment of 

dogs with chronic enteropathies. J. Vet. Intern. Med.,22, 1079-1083.   

 

Stonehewer, J., Simpson, J.W., Else, R.W., Macintyre, N., 1998. Evaluation of B 

and T lymphocytes and plasma cells in colonic mucosa from healthy dogs and 

from dogs with inflammatory bowel disease. Res. Vet. Sci., 65, 59-63. 

 

Strober, W., Fuss, I.J., Blumberg, R.S., 2002. The Immunology of mucosal 

models of inflammation. Annu. Rev. Immunol., 20, 495-549. 

 

Todar K., 2008. Todar’s Online Textbook of Bacteriology, 

textbookofbacteriology.net 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Dissertation Equivalents  53 

 

 

Pfammatter NS, Luckschander N, Jakob S et al. 29 

 
Figure captions 
 

Fig.1. Localisations of full-thickness biopsies.  

A: stomach (pyloric region); B + C: descending (at the end of the right pancreatic 

limb) and ascending duodenum (transition to jejunum); D: jejunum (middle part); 

E: ileum (1-5 cm from the ileocaecal junction); F + G: ascending (1-5 cm from the 

caecocolic junction) and descending colon (transition to rectum). 

 

Fig.2. Test of specificity of anti-CD3 staining on isolated T cells and tissue 

sections. 

a, b, c: Lymphocytes were isolated from peripheral blood from a healthy dog and 

sorted for CD4+ cells. Cytospin preparations were stained with an isotype control 

(rabbit IgG; a) (bar 20 µm; x 100 oil), mouse anti-canine CD3 (b), and rabbit anti-

human CD3 (c). d, e, f: Examples of anti-CD3 immunohistochemistry from 

healthy dogs with isotype control (rabbit IgG; spleen; d) (bar 50 µm; x 40) and 

rabbit anti-human CD3 in the spleen (e) and the ileum (f). 

 

Fig.3. Detection of CD3+ cells in lamina epithelialis and lamina propria and 

top and base. 

A. Schematic representation of the distinction between lamina epithelialis (LE) 

and lamina propria (LP) in top and base. A typical example is shown for the small 

intestine and the colon. B. Examples for CD3 staining in top and base of the  

intestinal mucosa of neonates and adult dogs (x 40). Intraepitelial lymphocytes 

(IEL) and lamina propria lymphocytes (LPL) are shown. 
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Fig.4. Detection of CD3+ cells at different gastrointestinal localisations in 

adult dogs.  

Representative anti-CD3-stained tissue sections are shown: a. duodenum isotype 

control (rabbit IgG; bar 50 µm; x 40); b. stomach; c. descending duodenum, 

villus; d. descending duodenum, crypt region; e. ascending duodenum, villus; f. 

jejunum, villus; g. ileum; h. ascending colon, top; i. descending colon, base. 

 

Fig.5. Distribution of CD3+ T cells in different localisations of the 

gastrointestinal tract of adult dogs.  

Intraepithelial lymphocytes and lamina propria lymphocytes of top and base in the 

localisations indicated are shown. Numbers and median of CD3+ cells were 

calculated per 200,000 µm2 from 6 adult dogs. 

 

Fig.6. Detection of CD3+ cells at different gastrointestinal localisations in 

neonatal puppies.  

Representative anti-CD3-stained tissue sections are shown: a. jejunum isotype 

control (rabbit IgG; bar 50 µm; x 40); b. stomach; c. ascending duodenum, villus; 

d. ileum, villus; e. ileum, lymph follicle; f. descending colon. 

 

Fig.7. Distribution of CD3+ T cells in different localisations of the 

gastrointestinal tract of neonatal puppies.  
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Intraepithelial lymphocytes and lamina propria lymphocytes of top and base in the 

localisations indicated are shown. Numbers and median of CD3+ cells were 

calculated per 200,000 µm2 from 4 neonatal puppies. 

 

Fig.8. Comparison of anti-CD3 immunohistochemistry on endoscopic 

biopsies of the duodenum from dogs with chronic enteropathies. 

a. food-responsive diarrhea (FRD); b. inflammatory bowel disease (IBD); c. 

protein-losing enteropathy (PLE) secondary to a severe IBD. Note that the 

epithelium in FRD and IBD has normal architecture, whereas the epithelium of 

the dog with PLE is mildly injured (Day et al., 2008). The number of 

intraepithelial lymphocytes is normal in FRD, mildly increased in IBD, and 

markedly increased in PLE.  (bar 50 µm; x 40) 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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Despite the increasing frequency of canine IBD, and the important role of intestinal 

lymphocytes in the pathomechanisms of this disease, little is currently known about 

the canine lymphocytes in the normal and diseased gut. Intestinal IEL are localized in 

an important strategic position, between the outside world and the inner sterile body 

core. IEL not only act as a first line of defense against possible pathogenic invaders, 

they also play a regulatory role in oral tolerance. Thus, the phenotypical composition 

of IEL may represent a sensitive surrogate marker for pathological changes in the 

intestine, e.g. as observed during IBD.  

The aim of this study was the thorough phenotypical and functional characterization 

of canine intestinal IEL. The cells were isolated from full-thickness biopsies of 15 

adult Swiss Beagle dogs (mean age 8.2 + 2.8 years) and compared to lymph node 

cells. The phenotypical characterization by multi-parameter flow cytometry revealed 

that canine IEL substantially differ from lymph node T cells. In the peripheral 

lymphoid organs the T cell compartment is composed of a mixed population of CD4+ 

and CD8+ T cells. In marked contrast, in the intestinal epithelium only few CD4+ cells 

(<15%) were found, with slightly higher numbers in the small bowel. Instead, most of 

the IEL of the small and large bowel expressed the CD8α antigen. In the peripheral 
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immune system most T cells are TCRαβ+, whereas only very few TCRγδ+ cells are 

found. In the intestinal epithelial compartment TCRαβ+ T cells were found to be the 

dominant population, however, a substantial portion of IEL are TCRγδ+ T cells, 

representing the more unconventional “type b” phenotype. For the first time a 

description of the differential TCR usage of CD8αβ+ and CD8αα+ IEL in the canine 

gut was possible, due to the simultaneous detection of three parameters.  Their 

abundance in the canine intestinal epithelial layer suggests an important role of these 

T cell subsets in the maintenance of intestinal immune homeostasis. After having 

established the phenotypical characterization of intestinal IEL in a monobreed 

standard, IEL populations of adult dogs were further compared to those isolated from 

neonatal Beagle dogs. Results indicated that there are significant differences between 

the two age groups of dogs in the distribution of different lymphocyte subsets. In 

newborn dogs a high frequency of undifferentiated CD4-CD8- T cells are found, 

whereas in adult dogs mature CD4+ and CD8+ T cells predominate, indicating a 

maturation of the intestinal immune system during development. As IEL in other 

species have been previously suggested to exhibit regulatory functions we 

investigated the role of IEL on lymph node T cell proliferation. Results indicated that 

canine IEL differ significantly from other T cell populations with regard to activation-

induced proliferation. They do not strongly proliferate in response to stimuli that are 

very effective for the induction or proliferation in other T cell population (3H-

thymidine incorporation). Furthermore, they significantly inhibited the proliferation 

of activated lymph node T cells in a cell number-dependent manner. These findings 

demonstrate for the first time that canine IEL have a more immunoregulatory 

phenotype, which may contribute to the maintenance of the intestinal immune 

homeostasis and its loss in canine IBD.   

 

In summary, we could establish a “gold standard” of flow cytometric analysis for the 

phenotypical characterization in canine intestinal IEL in a monobreed standard. For 

the first time the unconventional T cell subsets, including CD8αβ+ TCRαβ+ and 

CD8αα+ TCRαβ+ / TCRγδ+ T cells, could be exactly described. Significant 

differences in the IEL population in comparison between neonatal and adult dogs 

could be shown, indicating age dependent changes in the IEL composition. For the 

first time a functional characterization of canine IEL was studied, indicating a more 
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regulatory phenotype of canine IEL. These data show important insights in the 

characterization of intestinal intraepithelial lymphocytes and might offer a better 

understanding and new therapeutic strategies for the treatment of canine IBD. 
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Abstract - Little is currently known about the lymphocyte populations in the 

normal and diseased canine gut. The aim of this study was thus the phenotypical 

and functional characterization of canine intraepithelial lymphocytes (IEL). IEL 

were isolated from full-thickness biopsies of 15 adult Swiss Beagle dogs (mean 

age 8.2 + 2.8 years) and compared to lymph node cells. The phenotypical 

characterization by multi-parameter flow cytometry revealed that canine IEL 

substantially differ from lymph node T cells and consist of various 

unconventional lymphocyte subsets, unique to mucosal surfaces. These include γδ 

T cells, and CD4-CD8- and CD8αα+ T cells. IEL populations in adult dogs were 

also compared to those isolated from neonatal Beagle dogs. Analysis revealed that 

in newborn dogs a high frequency of undifferentiated CD4-CD8- T cells are found 

whereas in adult dogs mature CD4+ and CD8+ T cells predominate, indicating a 

maturation of the intestinal immune system during development. As IEL in other 

species have been previously suggested to exhibit regulatory functions we 

investigated the role of IEL on the activation-induced proliferation of lymph node 

T cells. While IEL alone did not show an activation-induced proliferation, they 

significantly inhibited the proliferation of activated lymph node T cells in a cell 

number-dependent manner. These findings demonstrate for the first time that 

canine IEL have an immunoregulatory phenotype, which may contribute to the 

maintenance of the intestinal immune homeostasis and may be lost in canine 

chronic enteropathies. 
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1. Introduction 

The gastrointestinal tract plays the key role in the uptake of fluids and nutrients, 

and at the same time it forms the main protective barrier between the sterile 

environment of the body and the outside world [11]. To protect the body from 

invading pathogens the intestinal mucosa has developed one of the biggest and 

most complex organ-associated immune systems [21]. Under normal 

physiological conditions the intestinal immune system is tightly regulated to avoid 

overshooting reactions. In marked contrast, during inflammatory bowel disease 

(IBD) a loss of regulatory control mechanisms leads to perpetuating inflammatory 

and infiltrative responses. For example, in experimental mouse models of colitis 

absence of the immunoregulatory cytokines IL-10, TGFβ or IL-2 leads to severe 

inflammatory responses in the intestinal mucosa due to overstimulation by the 

intestinal flora [12]. Not only in human patients, but also in dogs, the 

development of inflammatory disorders of the intestinal mucosa, such as IBD, is 

observed with increasing frequency [21]. Despite the high incidence of IBD in 

dogs the mechanistic events leading to these disease entities are poorly 

understood. The diagnosis is still based on clinical signs of chronic diarrhoea, 

vomiting and weight loss, combined with histological evidence of inflammatory 

infiltration of the intestinal mucosa [6]. Although several lines of evidence point 

towards an important role of intestinal lymphocytes in the development of canine 

IBD the precise patho-mechanisms are currently not understood. In part this lack  
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of understanding is based on the so far poor characterization of the canine 

intestinal immune system. 

In the intestinal mucosa immune cells are found in various compartments, i.e. the 

Peyer’s patches as organized inductive sites, the lamina propria and even within 

the epithelial layer. In this study we focussed on the characterization of the so-

called intestinal intraepithelial lymphocytes (IEL), a developmentally and 

functionally unique lymphocyte compartment strategically located in the intestinal 

epithelial layer as a first line of defense. IEL are readily accessible by simple 

dissociation from the epithelial cells, and changes in the composition of the IEL 

compartment likely reflect ongoing immunological responses in the intestinal 

mucosa. For example, during intestinal viral infections the epithelial layer is 

infiltrated by virus-specific cytotoxic T cells [18]. Thus, the phenotypical 

composition of IEL may represent a sensitive surrogate marker for pathological 

changes in the intestine, e.g. as observed during IBD. A limited number of 

previous studies have investigated the distribution and quantification of IEL in the 

canine intestine. Most of these descriptive studies were done by 

immunohistochemistry, which however does not allow the simultaneous analysis 

of multiple lymphocyte markers [7,8,9,15]. Similarly, intestinal tissue samples 

from various breeds were used, likely leading to a high variability of the results 

due to inter-breed differences in the composition of IEL. Therefore, the goal of 

this study was the in-depth phenotypical and functional characterization of IEL in  
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the small and large intestine from a mono-breed population, i.e. Beagle dogs, in 

order to establish an unbiased “baseline” for future studies on the role and fate of 

intestinal T cells in the development of canine enteropathies. Development-

dependent changes in the IEL compartments were analyzed by comparing 

lymphocyte subsets in the epithelial layer of adult dogs versus newborn dogs with 

an average age of 1 day. Phenotypic changes were analyzed by multi-parameter 

flow cytometry, whereas functional parameters consisted of activation-induced 

proliferation and cytokine expression profiles. Our present data describe for the 

first time so far unrecognized lymphocyte subsets in the canine intestinal 

epithelium and their developmental changes from newborn to adult dogs. 

Furthermore, we provide evidence that in the healthy dog IEL have a regulatory 

phenotype as they potently inhibit the activation-induced proliferation of lymph 

node T cells.  

 

 2. Materials and Methods 

2.1. Animals 

Tissue samples were either obtained from adult (n = 15) or neonatal (n = 6) 

healthy Swiss Beagle dogs. All dogs were provided from the Novartis Centre de 

Recherche Santé Animale (CRA) (St. Aubin, Switzerland) or the RCC Ltd 

Laboratory Animal Service (Füllinsdorf, Switzerland). The adult dogs (mean age 

8.2 + 2.8 years, 8 male, 7 female dogs) were clinically healthy animals, which  
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were eliminated for reasons unrelated to the gastrointestinal tract. The neonatal 

puppies (average 1 day, 5 male, 1 female) were culled from a laboratory animal 

breeding facility due to excessive numbers. Immediately after euthanasia by 

barbiturate injections full thickness sections from intestine (ascending duodenum, 

mid jejunum, mid colon) and mesenterial lymph nodes were taken, and further 

processed for cell isolation or immunohistochemistry. All animal experiments 

were conducted according to the guidelines of the Animal Experimentation 

Committee of the canton of Berne.  

 

2.2. Antibodies  

All monoclonal antibodies (mAb) used for flow cytometry were specific for 

canine leukocyte antigens. mAb against CD4 (clone YKIX302.9, PE conjugate), 

CD3 (clone CA17.2A12, FITC conjugate), CD8β (clone CA15.4G2), CD8α 

(clone YCATE55.9 FITC conjugate) and CD45 (clone YKIX 716.13, 

biotinylated) were purchased from Serotec (Morphosys AbD GmbH, Düsseldorf, 

Germany). Monoclonal antibodies against TCRαβ (clone CA15.8G7), 

TCRγδ (clone CΑ20.8Η1)  were generated as previously described (8) and 

purified on protein G columns. Antibodies against TCRαβ and TCRγδ were 

labeled with biotin according standard protocols. Unlabeled antibodies were 

detected using R-PE-conjugated goat anti-mouse IgG F(ab)2 fragment (BD 

Becton Dickinson, Allschwil, Switzerland), biotinylated antibodies with Cy5- 
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conjugated streptavidin (THP Medical Products, Vienna, Austria). Rabbit anti-

human CD3 antibody for immunohistochemical detection of IEL was obtained 

from Neomarkers (Fremont, CA). 

 

2.3. Immunohistochemistry 

Intestinal samples were fixed in 4% paraformaldehyde in PBS and then embedded 

in paraffin. Five µm sections were dewaxed and pretreated by boiling sections for 

10 min in 10 mM citrate buffer, pH 6.0, in a steamer to retrieve antigen. 

Endogenous peroxidase activity was blocked with peroxidase blocking solution 

(S2001, Dako) and unspecific binding was blocked with 5% goat serum, 0.5% 

casein, 0.1% sodium azide in TBS (Ab dilution buffer). Tissue sections were then 

stained with a rabbit anti-human CD3 antibody, (1:200) in Ab dilution buffer or a 

control antibody for one hour at RT in a moist chamber. Purified rabbit 

immunoglobulin was used at 1 µg/ml as a staining control.  The specificity of the 

anti-human CD3 antibody has been previously tested on sorted CD4+ canine T 

cells. After 3 washes in TBS, sections were stained with biotinylated goat anti-

rabbit Ig antiserum (1:100 in Ab dilution buffer, Dako) for one hour at RT. 

Thereafter, sections were washed and incubated with a streptavidin-biotin/horse 

radish peroxidase conjugate (1:200 in TBS, Dako) for 40 min. Finally, sections 

were washed and developed with a peroxidase substrate solution (0.2 mg/ml 3,3´-

diaminobenzidine tetrahydrochloride DAB, 0.012% H2O2, 20 mM citric acid  
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monohydrate, 100 mM imidazole, 100 mM NaCl, pH 7.0) for 7 minutes in the 

dark and counterstained with hematoxilin. Sections were then dehydrated with an 

increasing concentration of ethanol and finally mounted.  

 

2.4. IEL isolation 

The IEL were isolated by previously published protocols, which were adapted to 

canine lymphocytes [2,16]. In brief, IEL were dissociated from small and large 

intestinal tissue by gently stirring tissue pieces in Ca2+- and Mg2+-free HBSS 

containing 2% horse serum, 1 mM DTT, and 0.5 mM EDTA for 2 x 30 min at 

37°C. Isolated cells were sequentially passed through a 70 µm and a 40 µm pore 

size nylon mesh cell strainer (Becton Dickinson, San Jose, CA). The IEL were 

then separated from enterocytes by a 40%/70% Percoll (Pharmacia Biotech, 

Uppsala, Sweden) gradient centrifugation (15 min, 900 x g, RT). IEL at the 

40%/70% Percoll interphase were harvested and washed twice in PBS, 2% horse 

serum. Cell numbers and viability were estimated using a hemocytometer and 

trypan blue dye exclusion. IEL preparation generally contained between 15 and 

70% (57 + 21%) CD45+ leukocytes. 

 

2.5. Isolation of lymph node lymphocytes 
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Mesenteric lymph nodes were mechanically disrupted, passed through a 40 µm 

pore size nylon mesh cell strainer, washed once with PBS, 2% horse serum and 

then further used for analysis. 

 

2.6. Flow cytometry  

Mesenteric lymph node lymphocytes and IEL from small and large bowel were 

stained with differentially labeled antibodies as indicated in the results. For double 

stainings, 100’000 viable cells were incubated with primary fluorescent dye-

labeled antibodies (anti-CD3-FITC,1:100 dilution; anti-CD4-PE, 1:1000 dilution; 

CD8α-FITC, 1:20 dilution) or biotinylated antibodies (anti-CD45-biotin, 1:200 

dilution; anti-TCRαβ, 1:200 dilution; anti-TCRγδ, 1:200 dilution) in a 96-well V-

bottom plate for 15 min at 4°C in the dark. After two washes with PBS/2% horse 

serum cells were resuspended in 100 µl PBS/2% horse serum containing Cy5-

conjugated streptavidin and incubated for 15 minutes at 4°C in the dark. Cells 

were then washed again, fixed and analyzed by flow cytometry. 

For the simultaneous detection of CD8α, CD8β and TCR triple stainings were 

used as follows. Viable cells were first incubated with rat anti-CD8α-FITC (1:20 

dilution) and mouse anti-CD8β (1:100 dilution) antibodies. After two washes with 

PBS/2% horse serum cells were resuspended in 100 µl PBS/2% horse serum 

containing goat anti–mouse-PE (1:300 dilution) and incubated for 15 minutes at 

4°C in the dark. Cells were washed and unsaturated goat anti-mouse antibody was  
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blocked by incubation with 1 mg/ml mouse IgG at 4°C in the dark for 10 minutes. 

After an additional wash biotinylated mouse anti-canine TCRαβ (1:200 dilution) 

or TCRγδ (1:200 dilution) antibodies were added for 15 minutes. Cells were then 

washed, and biotin was detected with Cy5-conjugated streptavidin (1:500 

dilution). After a final wash all samples were fixed in 1% phosphate-buffered 

formaldehyde and analyzed by flow cytometry on a FACScan (BD Biosciences). 

Data were analyzed using the Flow Jo (Tree Star, Ashland, OR) software package. 

For analysis, cells were normalized to CD45+ cells. Data were reported as the 

mean + SD. Statistical analysis was done using the Mann Whitney U test or paired 

t-test, as indicated in the text.  

 

2.7. Proliferation assay 

IEL from duodenum and lymphocytes from mesenteric lymph nodes were isolated 

from 8 adult healthy Beagle dogs by above described protocols, and either directly 

(n = 5) used for proliferation assays or stored overnight in cell culture medium 

(iscove`s modified dulbeccos`s medium, IMDM), 2 mM L-alanyl glutamine, 5% 

FCS, 50 µg/ml gentamycine) at 4°C for further purification by cell sorting (n = 3). 

IEL were separated from contaminating epithelial cells based on forward/side 

scatter properties (lymphocyte gate) using a FACStar cell sorter (BD 

Biosciences). The purity of the sorted IEL was confirmed by CD3 staining and 

usually contained  >99% CD3+ cells. IEL and lymph node-derived lymphocytes  
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were plated at a density of 1 x 105 cells/well in 96-well U-bottom microtiter plates 

in complete medium in triplicates. In some experiments lymph node lymphocytes 

were co-cultured with decreasing numbers of IEL, starting at a 1:1 ratio (unsorted 

cells) and a 1:3 ratio (sorted cells) respectively, followed by subsequent three-fold 

dilutions. Unspecific effects of contaminating epithelial cells in unpurified IEL 

preparations on lymph node T cell proliferation were assessed by sorting 

epithelial cells on a cell sorter and identical co-culture with lymph node cells. 

Cells were then stimulated with medium control, or PMA (50 ng/ml) plus 

ionomycin (500 ng/ml) as a polyclonal T cell stimulus. Cultures were incubated 

for 24 h at 37°C in 5% CO2 and then pulsed with 1 µCi/well 3H-thymidine for 6 h. 

Cells were harvested on glass fiber filters and 3H-thymidine incorporation was 

measured on a Topcount β counter (Perkin Elmer, Schwerzenbach).   

 

2.8. Real time PCR 

IEL from duodenum and lymphocytes from the mesenteric lymph nodes of 8 adult 

healthy Beagle dogs were isolated and sorted by flow cytometry as described 

above. Cells were then stimulated for 6h with PMA (50 ng/ml) plus ionomycin 

(500 ng/ml), harvested and lyzed in TRI reagent (Sigma Aldrich). Total RNA was 

isolated and cDNA was generated using a high capacity cDNA Kit (Applied 

Biosystems, Foster City, CA). Real-time PCR was performed on an Applied 

Biosystems real-time PCR 7500 machine using SYBR green and the canine- 
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specific Quantitech primer sets (Qiagen, Hilden, Germany) for GAPDH, IFNγ, 

TGFβ and IL-10. Data were normalized to the expression levels of the house-

keeping gene GAPDH. 

 

3. Results 

3.1. Immunohistochemical detection of intraepithelial lymphocytes (IEL) in 

the canine small and large intestine 

Tissue sections from small and large canine intestine were stained with an anti- 

CD3 antibody, demonstrating numerous CD3+ cells in the epithelium and in the 

lamina proria. (Fig. 1B and 1C). Control reagents did not reveal any positive 

staining (Fig. 1A). Higher magnification showed that CD3+ cells are embedded in 

between the epithelial cells outside of the basal membrane, with a frequency of 1-

2 for every 10 epithelial cells. 

 

3.2. Canine intestinal IEL consist predominantly of CD45+ CD3+ T cells 

Analysis by flow cytometry of isolated intestinal IEL demonstrated a clearly 

distinguished lymphocyte gate. Staining of these cells for the common leukocyte 

marker CD45 and the T cell marker CD3 revealed that >95% of the cells within 

the lymphocyte gate were CD45+ and CD3+. (Fig. 2).  
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3.3.  Canine intestinal IEL consist of conventional and unconventional T cell 

subsets 

In the peripheral lymphoid organs the T cell compartment is predominantly 

composed of CD4+ and CD8+ T cells. A similar distribution was found in the 

mesenteric lymph node of adult Beagle dogs. In marked contrast to the 

lymphnode, in the intestinal epithelium only few CD4+ cells (<15%) were found, 

with slightly higher numbers (p=0.0279) in the small bowel (Fig. 3A). In the 

peripheral immune system most T cells are TCRαβ+, whereas only very few 

unconventional TCRγδ+ cells are found. In our results, in the intestinal epithelial 

layer and in the lymphnodes TCRαβ+ T cells were found to be the dominant 

population, however, a substantially greater number (TCRγδ MLN vs. IELSB 

p<0.0001, MLN vs IELLB p<0.0001) in unconventional TCRγδ+ T cells (small 

bowel 22.9 + 6.3%; large bowel 27.6 + 9.9%) was observed in the intestine 

compared to the mesenteric lymph node (1.7 + 1.6%) (Fig. 3B). The comparison 

between the expression of the CD8αβ heterodimer with the more unconventional 

CD8αα homodimer showed that the vast majority of CD8+ T cells in the canine 

mesenteric lymph node, as well as intestinal IEL expressed the CD8αβ 

heterodimer (small bowel: 49.7 + 8.6%, large bowel: 59.3 + 12.2%). In the 

mesenteric lymphnode CD8αα+ T cells were basically absent , whereas in the 

intestinal epithelium we frequently observed relatively high numbers of 

unconventional T cells with the CD8αα homodimer (small bowel: 8.6 + 1.5%,  
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large bowel: 14.3 + 6.7%) (CD8αα MLN vs IEL SB p=0.0032, MLNvsIELLB 

p=0.0001)  (Fig. 3C). 

 

3.4. Unconventional canine CD8αα+ IEL express both the αβ and the γδ T 

cell receptor 

In a multi-parameter flow cytometric analysis, it could be shown, that both the 

CD8αβ+ and the CD8αα+ subsets were clearly distinguishable within the IEL 

lymphocyte gate (Fig. 4A). Analysis of the TCR expression of these distinct IEL 

subsets revealed that the conventional CD8αβ+ subsets predominantly express the 

TCRαβ heterodimer, whereas within the unconventional CD8αα+ subset a high 

percentage of cells expressed also TCRγδ. Detailed analysis of CD8αα+ and 

CD8αβ+ IEL from 4 dogs revealed that TCRγδ+ T cells are only a minor portion 

of CD8αβ+ IEL, whereas TCRγδ-expressing cells are concentrated in the CD8αα+ 

IEL subset (Fig. 4B, C) (CD8αα TCRαβ vs TCRγδ p=0.01, CD8αβ TCRαβ vs 

TCRγδ p= 0.008). 

 

3.5. Developmental changes in IEL composition in neonatal versus adult dogs 

Significant differences could be found in the IEL subpopulations comparing 

neonatal and adult dogs. CD4+ T cell receptor (TCR)αβ+ IEL (Fig. 5A) and CD8+ 

TCRαβ+ IEL (Fig. 5B) were detectable only at low levels in newborn dogs but 

were dramatically increased in the small and large bowel of adult Beagle dogs.  
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CD4TCRαβ NB vs AD SB p= 0.0016, CD4TCRαβ NB vs adult dogs LB 

p=0.0021, DNTCRαβ NB vs AD SB p= 0.0005; DN TCRαβ NB vs AD LB 

p=0.0005; CD8TCRαβ NB vs AD SB p=0.0005; CD8TCRαβ NB vs AD LB p= 

0.0032. Substantial numbers of CD4-CD8- TCRαβ+ IEL (Fig. 5C) and even more 

remarkable up to 50% of IEL in the small bowel and up to 60% in the large bowel 

of IEL in neonates were defined as CD4-CD8- IEL TCRγδ+(Fig. 5D).  

 

3.6. Canine IEL respond poorly to mitogenic stimulation but display 

suppressive activities 

Figure 6A shows a high proliferative response of the mesenterial lymphnode 

lymphocytes (LN), while intestinal IEL proliferated poorly upon stimulation 

unsorted p<0.0001, sorted p=0.0004. Figure 6B confirms the data reported above 

in regard to proliferation. However, LN in co-culture with a decreasing LN/IEL 

ratio, IEL seemed to dose-dependently inhibit the proliferation of LN (p=0.0002). 

In a following experiment using highly purified sorted IEL and intestinal 

epithelial cells as negative control the previous data above were confirmed as 

sorted IEL failed to proliferate upon stimulation, but strongly inhibited the 

proliferative response of LN (p=0.02). In marked contrast, highly purified 

epithelial cells did not show such suppressive behavior, and co-culture with 

mesenteric lymph node cells rather resulted in increased proliferation of the latter 

(P=0.0113); Fig. 6C).  
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3.7. Expression of immunoregulatory and inflammatory cytokines in canine 

IEL 

Expression of mRNA of the cytokines IL-10, IFN-g and TGF-β in mesenterial 

lymphocyte lymphocytes (LN) and purified intestinal intraepithelial lymphocytes 

(IEL) upon stimulation was analyzed by quantitative PCR. Stimulated IEL 

expressed higher levels of IFNγ (p=0.02) and IL-10 (p=0.08) paired t test one 

tailed (Fig. 7A,7B). However, IEL did not seem to express higher levels of the 

suppressive cytokine IL-10 and lower levels of the pro-inflammatory cytokine 

IFNγ, compared to mesenteric lymph node cells, but rather expressed higher 

levels of both cytokines. Interestingly, both lymphocyte populations expressed 

lower levels (p=0.07) of TGFβ upon stimulation (Fig. 7C).  

4. Discussion 

Intestinal intraepithelial lymphocytes are residents of the gut epithelium, 

embedded at high frequency in between intestinal epithelial cells. This highly 

strategic location may enable IEL to serve as a first line of defense to protect our 

nearly sterile core body against possible invaders from the antigen-rich gut lumen. 

On the other hand IEL are also able to tolerate harmless luminal antigens and even 

actively contribute to oral and systemic tolerance by regulating antigen-specific 

immune responses. This notion illustrates a potentially critical role of IEL in the 

maintenance of gut homoeostasis, and their development and composition is 

adapted to these needs. In mice and man intestinal IEL are generally subdivided  
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into two major subpopulations, based on their TCR usage and co-receptor 

expression [10]. The conventional or “type a” mucosal T cells comprise CD4+ or 

CD8αβ+ lymphocytes with the αβ TCR, whereas the unconventional or “type b” 

subsets contain CD8αα+ expressing TCRαβ and TCRγδ  as well as CD4-CD8- T 

cells. These IEL subpopulations do not only differ in their co-receptor and TCR 

usage but also show major functional and potentially developmental differences. 

“Type a” mucosal T cells have much in common with peripheral CD4+ or 

CD8αβ+ cells, but also show some gut-specific regulatory functions. Thus, 

CD8αβ+ TCRαβ IEL may exert some cytolytic functions [4], whereas resident (in 

contrast to infiltrating) CD4+ TCRαβ cells often show a regulatory phenotype [3]. 

“Type b” TCRγδ  cells likely play a dual role in the regulation of protective 

immune responses and the regulation of epithelial layer integrity via the release of 

keratinocyte growth factor [1]. Clearly, various IEL subsets play a critical role in 

the regulation of health and disease in the intestinal mucosa, including the 

pathogenesis of inflammatory bowel disease.  

Their abundance in the canine intestinal epithelium  (Fig. 1) suggest that canine 

IEL may have a similarly important role in the regulation of intestinal immune 

homeostasis. Unfortunately to date the canine intestinal immune system is still 

poorly characterized. Furthermore, studies on the role of intestinal immune cells 

in the regulation of the pathogenesis of canine IBD are severely hampered by the 

lack of species-specific reagents, in particular antibodies against leukocyte  
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markers. So far, most studies on the distribution and characterization of intestinal 

immune cells of healthy and diseased dogs mostly employed 

immunohistochemistry in a descriptive manner [5,7,8,9]. Critically, these studies 

did not prove the presence of various IEL subsets due to the lack of multi-

parameter analysis. 

The goal of this study was thus the in-depth phenotypical characterization of 

canine IEL using multi-parameter flow cytometrical analyses. Up to now only 

very few flow cytometry-based studies on canine intestinal immune cells have 

been described [20,23]. As not more than two parameters were detected 

simultaneously, these studies only allowed only a relatively superficial description 

of canine IEL phenotypes. The simultaneous detection of three parameters, on the 

other hand, enabled us to demonstrate for the first time the differential TCR usage 

of CD8αβ+ and CD8αα+ IEL in the canine gut. As these distinct subsets have 

been previously shown in mice to exert substantially different roles in intestinal 

immune responses their identification is likely relevant for the investigation of 

canine IBD [17]. Another major difference between previous and the present 

study is the selection of the study material [20,23]. While in previous studies 

endoscopical tissue biopsies from various breeds were used, our study focussed on 

full-thickness biopsies from Beagle dogs only in order to avoid inter-breed 

variability and to develop a mono-breed standard. These methodological 

differences may also explain some of the discrepancies between our and previous  



Dissertation Equivalents   

 

84 

Luckschander N, Pfammatter NS, Sidler D et al. 19 

 

results. For example, our study revealed that in the lymphocyte gate >95% of the 

cells were CD45+ and CD3+, with basically no CD21+ B cells (<1%), indicating 

that solely IEL and not contaminating lamina propria lymphocytes were assessed. 

This high percentage of T cells in the IEL compartment is well known in mice 

[14,19] and was also suggested by immunohistochemical studies in dogs [8,15]. 

However, these findings stand in contrast to those of Sonea et al., in which only 

about 60% of the cells in the lymphocyte gate stained positive for CD45, among 

which only 50% were positive for CD3. As no density gradient centrifugation was 

performed in these studies, the low percentage of CD45+ cells in the lymphocyte 

gate may be due to a contamination with (dying) epithelial cells. On the other 

hand the low number of CD3+ cells may be explained by TCR downregulation of 

IEL, likely due to prolonged incubation cycles during the isolation. Clearly, our 

own results demonstrate that canine IEL show a similar phenotypical pattern as in 

mice and man [13,14,19], suggesting similar functions in the regulation of local 

immune responses. Despite the many similarities between canine and rodent IEL, 

we also observed quite distinct features of canine IEL. Notable is the high 

frequency of double-negative (CD4-CD8-) IEL in adult dogs, and more 

pronounced, in newborn dogs. While we can currently only speculate about their 

ontogeny and function, their higher frequency in newborn and lower frequency in 

adult dogs suggests a rather immature phenotype of this IEL subset. Also 

surprising was the high percentage of CD4+ TCRαβ+ T cells. In mice an increase  
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in CD4+ T cells is usually indicative of ongoing immune responses and reflects 

the antigen-driven infiltration of peripheral T cells. Furthermore, the percentage of 

CD4+ T cells in the IEL compartment is generally higher in the large bowel due to 

the higher antigen load and bacterial colonization. In contrast, we observed that in 

the canine small bowel CD4+ T cells are found at higher frequency compared to 

the large bowel. Critically, this high percentage (up to 15%) was observed in the 

absence of any signs of inflammation. Thus, canine CD4+ IEL could represent a 

regulatory T cell subset, rather than pro-inflammatory T helper cells.  

While a phenotypical characterization of IEL may be indicative of certain 

functional properties, based on comparison with studies in other species, it does 

not prove that IEL or certain IEL subsets have regulatory activities. In this study 

we provide, to our knowledge, first-time evidence that canine IEL have a potent 

immunoregulatory potential. While mesenteric lymph node T cells strongly 

proliferated in response to mitogenic stimuli, IEL failed to do so as reported in 

other species [22]. However, co-culture of IEL with mesenteric lymph node cells 

even at low ratios substantially inhibited the proliferation of lymph node cells. 

This clearly indicates that IEL, or at least certain IEL subsets, lack conventional T 

cell effector functions and represent regulatory T cells. When analyzing the 

underlying mechanism(s) of IEL-based suppression of mesenteric lymph nodes, 

we failed to identify clear candidates. While there is good evidence that in mice 

the immunoregulatory cytokine IL-10 and TGFβ are critical effector molecule of 
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IEL regulatory functions and oral tolerance induction [12], we did not observe a 

clear expression pattern of these cytokines in regulatory IEL compared to 

mesenteric lymph node cells. Part of the problem may however also be that both 

mesenteric lymph node cell and IEL preparations contained various T cells 

subsets with differential expression of these regulatory cytokines. For example, 

CD4+ regulatory T cells may also be present in mesenteric lymph node cells, as 

pro-inflammatory T cells may also exist in the epithelial layer. Similarly, analysis 

of mRNA expression does only partially reflect the actual protein production of 

these suppressive cytokines. Due to the lack of canine IL-10- and TGFβ-specific 

antibodies for the use of RT-PCR we can currently only estimate the capacity of 

canine IEL to synthesize these regulatory factors. 

In conclusion, the present study represents the first multi-parameter 

characterization of intestinal IEL in a mono-breed population. This methodology 

allowed the first description of CD8αα+ TCRαβ+ and CD8αα+ TCRγδ+ IEL 

subsets. Their abundance in the canine intestinal epithelial layer suggests an 

important role of these T cell subsets in the maintenance of intestinal immune 

homeostasis. Our study also demonstrates for the first time that canine IEL have 

potent suppressive activities by suppressing mitogen-driven proliferation of 

peripheral T cells. The comparison of this “gold standard” in a healthy mono-

breed population of Beagle dogs with other breeds as well as diseased dogs may  
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promote the development of multi-parameter flow cytometry as a future 

diagnostic modality in the diagnosis of canine IBD.  
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Figure legends 

 

Figure 1: Immunohistochemical detection of CD3+ cells in the small and the 

large canine intestine  

Paraffin sections of canine small and large intestine were stained with control 

rabbit IgG (A) or anti-CD3 antibody (B, C). Lower (20x) and higher 

magnifications (40x) of representative stainings of small (A, B) and large intestine 

(C) are shown. Inserts show enlargements of the epithelial layer with IEL (arrow). 

Bars indicate 50 µm.  

 

Figure 2: Characterization of canine intestinal intraepithelial lymphocytes 

IEL were isolated from the small bowel of an adult Beagle dog as described in 

Materials and Methods, stained with anti-canine CD45 and anti-canine CD3, 

followed by flow cytometrical analysis. The distinct forward/side scatter 

properties of IEL and their staining for CD45 and CD3 in a typical isolation are 

shown.  

 

Figure 3: Lymphocyte subset composition of the canine intraepithelial 

compartment 

Mesenteric lymph node cells (MLN), and IEL from the small (SB) and large 

bowel (LB) from 15 healthy adult Beagle dogs were isolated and analyzed for  
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their cell surface marker expression by flow cytometry. A) Analysis of CD4+ and 

CD8+ lymphocyte subsets. B) TCRαβ and TCRγδ usage in MLN and IEL. C) 

Detection of the CD8αβ+ and CD8αα+ lymphocyte subsets. Mean values +/- SD 

of n = 15 are shown. Numbers were normalized to CD45+ cells.  

 

Figure 4: T cell receptor usage of canine intraepithelial CD8αα+ and 

CD8αβ+ T cells 

IEL from small bowel of healthy adult Beagle dogs were isolated and stained for 

CD8α and CD8β, and TCRαβ or TCRγδ. A) Example of CD8αβ+ and CD8αα+ 

subset detection and analysis of their TCR expression (TCRαβ and TCRγδ). B), 

C) Analysis of TCRαβ and TCRγδ expression in the CD8αβ+ (B) and the 

CD8αα+ (C) subsets. Numbers were normalized to CD8αβ+ cells (B), 

respectively CD8αα+ cells (C). Mean values +/- SD of n = 4 are shown. 

 

Figure 5: Differences in IEL subpopulations in small and large bowel from 

newborn and adult dogs 

 IEL were isolated from the small (SB) and large bowel (LB) of 15 healthy adult 

(AD) and 6 newborn (NB) Beagle dogs and their leukocyte marker expression 

was characterized by flow cytometry. A) CD4+ TCRαβ+ IEL, B) CD8+ TCRαβ+ 

IEL, C) CD4-CD8- TCRαβ+ IEL, D) CD4-CD8- TCRγδ+ IEL. ** p <0.005 , *** p 

< 0.0005. 
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Figure 6: Canine IEL inhibit proliferation of mesenteric lymph node T cells  

A) Mesenteric lymph node cells (LN) or IEL from the small bowel of adult 

Beagle dogs were isolated, and stimulated with medium control or PMA plus 

ionomycin. The proliferative response was measured by [3H]-thymidine 

incorporation after 48h. Mean vaules +/- SD of n=5 experiments are shown. B) 

Unsorted mesenteric lymph node cells (LN) or IEL were either cultured alone 

with medium control or PMA plus ionomycin, or Mesenteric lymph node cells 

(LN) were co-cultured with decreasing LN/IEL ratios. Mean values +/- SD of 

triplicates of typical experiments out of 5 are shown. C) Same experimental 

approach using sorted IEL and intestinal epithelial cells (EP) as negative control. 

Mean values +/- SD of triplicates of typical experiments out of 3 are shown. 

Values in B) and C) were normalized to the maximal proliferation of stimulated 

lymph node cells (100%). 

 

Figure 7: Cytokine expression profile of canine IEL  

Mesenteric lymph node cells (LN) and IEL from small intestine of 8 adult Beagle 

dogs were isolated, and stimulated for 6 h with medium control (ctrl.) or PMA 

plus ionomycin (stim.). Total RNA was isolated and the expression of IFNγ (A), 

IL-10 (B), and TGFβ (C) was analyzed by real-time RT-PCR. Bars indicate mean 

values, symbols shown values of individual samples.  

 

Figure 1A (Adult Beagle dog) + 1B (Neonatal beagle dog): The intraepithelial lymphocytes (IELs) consist 
of CD3+ TCRαβ+ and TCRγδ+ T cells. Intraepithelial lymphocytes fr94m small bowel were isolated and stained for 
CD3, and TCRαβ or TCRγδ. Note that in the adult dog (1A) CD3+ T cells mostly express the αβ TCR, whereas in 
the neonatal dog (1B) TCRγδ+ intraepithelial lymphocytes predominate. 
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of CD3+ TCRαβ+ and TCRγδ+ T cells. Intraepithelial lymphocytes from small bowel were isolated and stained for 
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Figure 1 
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Figure 2 
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Figure 3 
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Figure 4 
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Figure 5 
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Figure 6 
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Figure 7 
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5. DISCUSSION AND OUTLOOK 

 

Chronic diarrhea, vomiting and weight loss are common clinical conditions in small 

animal veterinary practice. The underlying reason for these severe gastrointestinal 

symptoms in canine patients is often IBD. Unfortunately, despite the high frequency 

of this severe disease in dogs, the exact pathomechanisms are fairly unknown. 

Furthermore, the current state of our collective knowledge regarding the canine 

mucosal immunology is largely based on studies carried out in rodents or in human 

tissue. Due to the lack of species-specific reagents, canine studies have contributed 

only little to clarifying the pathogenesis of IBD. Although the overall mechanisms to 

control mucosal surfaces are likely very similar in mono-gastric animals, therapies, 

adopted from human medicine, often show severe side effects or lack efficacy in 

dogs. In order to provide the best medical care for canine patients and their owners, 

there is a clear need for species-specific studies to gain greater understanding of the 

canine mucosal immune system and its regulation. 

 

Several points of evidence support an important role of intestinal lymphocytes in the 

pathogenesis of IBD. In this work, we therefore focused on the phenotypical and 

functional characterization of canine IEL, which are easily accessible and may 

function as a surrogate marker for ongoing immunological processes in the underlying 

intestinal tissue. All our investigations were performed on full thickness biopsies of 

healthy adult Beagle dogs providing a mono-breed standard in order to reduce the 

heterogeneity of different breeds.  

 

In the first work a CD3 staining was performed on different intestinal locations 

(stomach, descending and ascending duodenum, jejunum, ileum, ascending and 

descending colon) from 6 adult and 4 neonatal healthy beagles. The positive cells 

were counted in an area of total 200,000 µm2 in the designated 7 localizations and at 4 

different sites per localization (villi and crypts in lamina epithelialis and lamina 

propria, respectively). The computer–assisted cell count provided an objective method 

to assess the regional distribution of the T cells in the lamina propria and in the 

epithelium. A distinct intestinal T cell distribution in the different parts of the 

intestinal mucosa could be demonstrated. Furthermore, age-dependent differences 

(based on comparison between neonatal and adult dogs) of IEL and lamina propria 
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lymphocytes were observed. This work illustrated the frequent presence of T 

lymphocytes in the canine intestinal epithelium allowing the isolation and further 

investigation of these cells.  

 

In the second study our first aim was the characterization of the different lymphocyte 

subpopulations in the epithelial compartment by using a multi-parameter flow 

cytometrical analysis. Therefore, IEL were isolated from full-thickness biopsies of 15 

adult and 6 neonatal Swiss Beagle dogs and compared to lymph node cells. For the 

first time an in-depth phenotypical characterization of intestinal canine IEL, including 

the description of unconventional ”type b” lymphocytes, could be established. 

Furthermore, significant differences in the IEL subpopulations of adult and newborn 

dogs could be shown. This study established a “ gold standard” in a healthy mono-

breed population. A future comparison with other breeds as well as diseased dogs 

may further show inter-breed or disease-based differences in IEL subset distribution 

and may help to promote flow cytometry as a tool for the diagnosis and therapy 

follow-up of canine IBD.  

 

In the present study, we used pooled IEL from two different localizations (ascending 

duodenum and mid jejunum) for the phenotypical characterization of small bowel 

lymphocytes. In future studies it would be interesting to isolate IEL from distinct and 

individual localizations of the small and large bowel in order to investigate the 

horizontal distribution of different IEL sub-populations along the intestine.  

Also the detailed characterization of the lamina propria lymphocytes by multi-

parameter flow cytometric analysis would be very interesting, as these cells are 

mainly involved in the antigen-directed immune defense of the intestine. The lamina 

propria is an important effector side of the intestinal immune system, to which 

numerous antigen-experienced lymphocytes migrate, following initiation at the 

inductive sites. Therefore, the immune cells in the lamia propria consist primarily of 

immunoglobulin A (IgA) + plasma cells and fairly equal numbers of CD4+ and 

CD8αβ+ T cells. Most of the T lymphocytes belong to the conventional “type a” 

mucosal T cells, which express an αβ TCR together with CD4 or CD8αβ as TCR 

coreceptor. While the CD8αβ “type a” mucosal T cells display all characteristics of 

cytolytic effector memory T cells, the CD4+ type a mucosal T cells can display a 
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regulatory or regulated function with suppressive activity [14]. In case of IBD, the 

chronic inflammatory response is represented by an infiltration of lymphocytes and 

macrophages in the lamina propria. While in human patients the mucosal immune 

response is polarized into a Th1 or Th2 response, this distinct differentiation cannot 

be made in dogs. Canine IBD is mainly characterized by a lympho-plasmacytic 

infiltration in the lamina propria, which reflects the importance of lamina propria 

lymphocytes (LPL) in the pathomechanisms, but also in the diagnosis of IBD. The 

isolation of LPL would allow correlation of phenotypes and functions and the 

application of flow cytometric analysis. However, the purity of the preparations and 

any effects of the isolation procedure always limit the study of isolated lymphocytes. 

In our experience, the isolation procedure of canine intestinal LPL (based on three 

more EDTA treatments and digestion with collagenase V / DNAse) implicates a high 

risk of contamination due to the IEL compartment. Also a high variability of CD21+ 

cells in the lamina propria compartment represented a not efficient digestion 

procedure. (Luckschander et al. unpublished data). Therefore further investigations of 

canine LPL must be attentive to factors that may artificially alter the results. Further 

studies are needed for the improvement of the LPL isolation techniques. Also a 

combined application of different techniques (flow cytometry and 

immunohistochemistry) seems to be important in future studies of canine LPL in 

order to increase the reliability of the flow cytometric results.  

 

As IEL in other species had been previously suggested to exhibit regulatory functions 

we investigated the role of IEL on the activation-induced proliferation of lymph node 

T cells. While IEL alone did not show a mitogenic response, they significantly 

inhibited the proliferation of activated lymph node T cells in a cell number-dependent 

manner. First, this clearly indicates that canine IEL are substantially different from 

peripheral lymphocytes in respect to their activation behavior. Furthermore, IEL or 

certain IEL subsets seem to lack conventional effector functions of peripheral T cells 

and exert more immunoregulatory functions. Surprisingly, our study represents the 

first functional characterization of canine IEL, demonstrating their immunoregulatory 

phenotype. Interestingly, however, our data obtained in dogs correlate with other 

studies generated in mice and man, and further support the regulatory characteristics 

of IEL [75].  
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Of course it would be highly interesting to further analyze the immunoregulatory 

functions of canine IEL. Recently, an antibody cross-reactive with murine and canine 

FoxP3 has been described and used for the identification of canine regulatory T cells 

in blood and lymph nodes from healthy dogs and dogs with cancer. [34] The isolation 

and identification of FoxP3+ regulatory T cells in the canine intestine would help to 

clarify their importance in the gut homeostasis and their possible role in the regulation 

of canine IBD. Furthermore, specific isolation would allow their functional 

characterization with respect to proliferation and cytokine expression. Not only the 

regulatory functions of IEL but also their cytotoxic potential has never been described 

so far. In contrast, the cytotoxic capacity of murine and human IEL is well 

investigated. For example, Lundqvist et al. reported that human IEL are not 

spontaneously cytotoxic, but are able to kill target cells in an anti-CD3-mediated 

redirected cytotoxicity assay [76]. Establishing a cytotoxicity assay for canine IEL, 

either antigen-specific or via antibody-mediated activation, they could demonstrate 

that canine IEL express cytotoxic molecules and are able to exert not only regulatory 

but also cytotoxic functions.  

 

Although we were able to demonstrate a regulatory function of canine IEL, we did not 

observe a clear expression pattern of “regulatory” cytokines (e.g. IL-10, TGF-β) in 

IEL compared to mesenteric lymph node cells. Part of the problem may, however, 

also be that both mesenteric lymph node cells and IEL preparations contain various T 

cells subsets with differential expression patterns of these regulatory cytokines. For 

example, CD4+ regulatory T cells may also be present in mesenteric lymph node 

preparations, as pro-inflammatory T cells may also exist in the intestinal epithelial 

layer. Furthermore, analysis of mRNA expression does only partially reflect the actual 

protein expression of these regulatory cytokine. In our present work we used an RT-

PCR-based method to investigate the cytokine expression in ex vivo cultured IEL. If a 

commercial ELISA kit would be available for canine IL-10, IFN-γ and TNF-α these 

cytokines could be detected in ex vivo cell culture supernatant upon IEL stimulation. 

This assay would further allow investigating the regulatory potential of canine 

intestinal IEL.  
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Although these investigations represent only the beginning of canine mucosal 

immunology and much more remains to be done, this study represents a new step in 

the characterization of the canine intestinal immune system and provides new 

hypotheses into potential pathomechanisms of canine enteropathies. It further 

promotes the development of multi-parameter flow cytometry as a future standard 

protocol in the diagnosis of canine IBD.  
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6. APPENDIX 
6.1. Flow cytometric analysis of intestinal IEL as a diagnostic tool for canine IBD  

The increasing incidence of canine IBD enforces veterinarians to face this difficult 

gastrointestinal disease more often. Therapies, successfully established in human 

medicine, often fail in canine patients or are associated with severe side effects. The 

diagnosis of canine IBD is still based on chronic gastrointestinal symptoms, exclusion 

of any infectious or neoplastic disorders and the presence of intestinal lympho-

plasmacellular infiltration as a sign of inflammatory reactions. Despite the obvious 

importance of lymphocytes in the diagnosis and pathogenesis of this disease, most 

studies on the distribution and characterization of intestinal lymphocytes of healthy 

and diseased dogs employed immunohistochemistry in a descriptive manner 

[28,37,45]. 

In our previous work we aimed at the establishment of a “gold standard “ in the 

phenotypical characterization of intestinal canine IEL by flow cytometric analysis. In 

this project the goal was the evaluation of a multi-parameter flow cytometrical 

analysis of intestinal IEL as a diagnostic tool of canine IBD. In order to reach this 

goal multiple steps were necessary. First, we compared IEL isolated from intestinal 

full thickness and endoscopical biopsies (n=5 per group) from the same healthy 

Beagle dog, for the validation of endoscopical biopsies as a reasonable source for the 

interpretation of flow cytometrical analysis. In a next step, we compared intestinal 

endoscopical biopsies from healthy Beagle dogs with dogs suffering from chronic 

enteropathies (CE) (n = 11), evaluating flow cytometry as a diagnostic tool in canine 

IBD.  

 

No differences in the T cell subsets between full thickness and endoscopical 

biopsies  

IEL from small bowel were isolated from full-thickness and endoscopical biopsies 

from the same healthy control Beagle dog (n=5). The method of IEL isolation had 

been previously established and published by Brunner et al. [77], and has been 

adapted to canine intestine (Luckschander et al., unpublished data). After isolation, a 

flow cytometric analysis was performed using species-specific antibodies against 

canine T cell markers (CD45, CD3, TCRαβ, TCRγδ, CD4, CD8α, CD8β) in order to 

characterize the IEL compartment. 
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In full thickness and endoscopical biopsies, IEL were distinguished from 

contaminating epithelial cells based on forward and side scatter properties, and could 

be easily identified in the lymphocyte gate. There was no significant difference in the 

quality of isolation. In general between 20 and 30% of acquired cells were in the 

lymphocyte gate, (full thickness biopsies 26.2% + 6.2, endoscopical biopsies 

23.3%+3.2). Staining of these cells for the common leukocyte marker CD45, the 

TCRs αβ or γδ and the B cell marker CD21 revealed that >98% of the cells within the 

lymphocyte gate were CD45+, the sum of TCRαβ+ and TCRγδ+ T cells was > 98% 

and <1 % of the cells were B cells. These results demonstrated that IEL found in the 

indicated gate are mainly T cells. The isolation of full thickness and endoscopical 

biopsies showed a distinct lymphocyte gate, in which predominantly T cells could be 

found and allowed a further analysis by flow cytometry. (Figure 7)  

 
 

Figure 7: IEL were isolated from full thickness biopsy (A) and from endoscopical biopsy (B) 

of the small bowel of an adult healthy Beagle dog as previously described, stained with anti-

canine CD45 and anti-canine CD21, followed by flow cytometric analysis. The distinct 

forward/side scatter properties of IEL and their staining for CD45 and CD21 in a typical 

isolation are shown. Staining of these cells for the common leukocyte marker CD45 and the B 

cell marker CD21 revealed that within the lymphocyte gate >98% of the cells are leucocytes, 

no B cells could be found within the gate.  
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In a next step IEL subpopulations were characterized, using a multi-parameter flow 

cytometry analysis. The canine intestinal IEL compartment mainly consists of a 

mixed T cell population of CD8+ and CD4+ T cells, while the CD8+ T cells greatly 

outnumber the CD4+ T cells. In the present study we could reproduce previous results 

as in the intestinal epithelial layer TCRαβ+ T cells were found to be the dominant 

population. All of the CD4+ T cells express TCRαβ, while a substantial portion of the 

CD8+ T cells express TCRγδ, representing the more unconventional “type b” 

phenotype of IEL. Not unusual for dogs, a high percentage of CD8-CD4- cells could 

be found, from which the majority was TCRγδ+. This fraction represents a more 

immature phenotype.  

We could not find any significant differences (p<0.05) in the IEL subsets, isolated 

from either full thickness or endoscopical biopsies. (Figure 8) These results validated 

intestinal endoscopical biopsies for the use of flow cytometric analysis.  

 
Figure 8: IEL from full thickness biopsies (FTB) and endoscopical biopsies (EB) from 5 

healthy adult Beagle dogs were isolated and analyzed for their cell surface marker 
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expression by flow cytometry. A) Analysis of CD8+ TCRαβ+ and CD8+ TCRγδ+ lymphocyte 

subsets. B) CD4 and CD21 usage in FTB and EB in the IEL compartment. C) Detection of 

the CD8-CD4-TCRαβ+ and CD8-CD4-TCRγδ+ lymphocyte subsets. Numbers were normalized 

to CD45+ cells. No significant differences in the IEL subset composition between FTB and 

EB, isolated from the same dog could be found. 

 

No significant differences in the IEL T cell subsets between endoscopical biopsies 

of healthy control dogs (HC) and dogs with chronic enteropathies (CE) 

Eleven dogs with chronic gastrointestinal signs were entered into a prospective 

clinical study. Infectious, endocrinologic or neoplastic diseases as a reason for 

gastrointestinal symptoms were excluded in all dogs. Animals were assessed 

clinically using the CIBDAI score by Jergens et al. and the CCECAI score by 

Allenspach et al. before and after therapy [78,79]. Dogs were separated into two 

groups according to their initial response to treatment with elimination diet. Dogs, 

which improved clinically after 10 days were called food-responsive dogs (FRD) 

(n=7). The dogs that did not respond to elimination diet were given oral prednisolone 

(2 mg/kg, once a day) for 10 days followed by a tapering dosage over 10 weeks. 

These dogs belonged to the IBD group (n=4).  

During duodenoscopy, 5 endoscopical samples were taken from the proximal small 

intestine with a 2.8 mm serrated endoscopic biopsy forceps and were placed in ice-

cold phosphate buffered saline (PBS). The biopsy specimens were isolated as 

described previously (Luckschander et al. unpublished data) and stained using 

species-specific antibodies (CD45, CD3, TCRαβ, TCRγδ, CD4, CD8α, CD8β). 

Staining of these cells for the common leukocyte marker CD45, TCRs αβ or γδ and 

the B cell marker CD21 revealed that >98% of the cells within the lymphocyte gate 

were CD45+, the sum of the TCRαβ+ and TCRγδ+ T cells was > 98% and <1 % of the 

cells were B cells. This shows that in the indicated gates mostly T cells can be found. 

No differences in the light scatter properties could be demonstrated between 

endoscopical biopsies from healthy dogs and endoscopical biopsies from dogs with 

CE. (Figure 9)  
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Figure 9: IEL were isolated from small bowel endoscopical biopsies from HC dogs (A) and 

from dogs with CE (B) as previously described, stained with anti-canine CD45 and anti-

canine CD21, followed by flow cytometrical analysis. The distinct forward/side scatter 

properties of IEL and their staining for CD45 and CD21 in a typical isolation are shown. In 

the indicated gate more than 98% of the cells were CD45+, no B cells could be found.  

 

In the comparison of IEL subsets isolated from the HC and CE group, no significant 

differences could be found, although a significant decrease of CD4+TCRαβ+ Τ cells 

was obvious comparing the FRD with IBD group. Despite the overall improvement of 

the CE dogs after therapy (significant decrease of the CIBDAI and CCECAI), there 

were no significant differences in the IEL subsets before and after therapy. 

 

IEL isolated from FTB or EB of the same healthy control dog did not show any 

significant differences with respect to the isolation and the T cell subsets. These 

results clearly show that it is possible to isolate IEL from canine intestinal 

endoscopical biopsies and further evaluate these cells with flow cytometrical analysis. 

In the comparison of EB from HC Beagle dogs and dogs suffering from CE, several 

difficulties were found. First of all, we had established a mono-breed IEL 

characterization standard in our previous work. The further comparison of the IEL 

population between healthy Beagle dogs and sick dogs of variant breeds contains the 
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risk of not having excluded interbreed variances, which could be falsely interpreted as 

a consequence of the underlying disease. Although it was possible to isolate IEL from 

endoscopical biopsies of sick dogs, no significant differences between the HC and the 

CE group with respect to the T cell subsets could be found. Although there was a 

significant decrease of the CD4+ TCRαβ+ IEL in the IBD group (compared to the 

FRD group), this finding is hard to interpret. The decrease of these cells seems to be 

not reliable as in general canine IBD is defined by a mural lympho-plasmacellular 

infiltration. Nevertheless, we should consider that the IBD group also shows a 

significant decrease in albumin (p<0.05). So this finding might reflect the 

architectural destruction of the epithelium in this severe form of canine IBD, which is 

also associated with a decreased absorption and an increased gastrointestinal loss of 

albumin. It was previously described that a low albumin in CE dogs at the beginning 

of therapy is a bad prognostic factor [79]. In our current study all the dogs with a 

significant decrease of CD4+ TCRαβ+ had a low albumin (<20g/L), the loss of this 

cell subset as a bad prognostic factor in canine CE might be worth further evaluation. 

Flow cytometrical analysis of the intestinal lymphocyte populations as a diagnostic 

tool still seems to be an appealing goal. In this study, we could prove that the 

procedure of the lymphocyte isolation and the lymphocyte staining of endoscopical 

biopsies is feasible in healthy and sick dogs. Nevertheless, for the further evaluation 

of flow cytometry as a diagnostic or prognostic tool in canine IBD, the isolation of 

LPL should be included as these cells are mostly not affected by the loss of the 

architecture and therefore would probably better reflect the pathomechanisms during 

intestinal inflammatory diseases.  



Appendix  113 

 

 

6.2.  References 
 

1. Caspary W.F., Physiology and pathophysiology of intestinal absorption. Am J 
Clin Nutr, 1992. 55: p. 299-308. 

2. Kunisawa J., Takashi I., Kiyono H., Intraepithelial lymphocytes:their shared 
and divergent immunological behaviors in the small and large intestine. 
Immunol Rev, 2007. 215: p. 136-53. 

3. Stokes C., Waly N., Mucosal defence along the gastrointestinal tract of cats 
and dogs. Vet Res, 2006. 37: p. 281-93. 

4. Mayer L., Mucosal Immunity. Pediatrics, 2003. 111: p. 1595-97. 
5. Waly N., Gruffydd-Jones T.J., Stokes C.R., Day M.J., The distribution of 

leucocyte subsets in the small intestine of healthy cats. J Comp Path, 2001. 
124: p. 172-82. 

6. Brown P.J., Bourne F.J., Distribution of immunoglobulin-containing cells in 
the alimentary tract, spleen and mesenteric lymph node of the pig 
demonstrated by peroxidase-conjugated antiserums to immunoglobulins G, A 
and M. Am J Vet Res, 1976. 37: p. 9-13. 

7. Kunisawa J., Kiyono H., A marvel of mucosal T cells and secretory antibodies 
for the creation of first line of defense. CMLS, 2005. 62: p. 1308-21. 

8. Danese S., Nonimmune cells in inflammatory bowel disease: from victim to 
villain. Trends in Immunology, 2008. 29: p 555-64. 

9. Michelsen K.S., Arditi M. Toll-like receptors and innate immunity in gut 
homeostasis and pathology. Curr Opin Hematology, 2007. 14: p 48-54. 

10. Burgener I.A., Jungi T.W., Antibodies specific for human or murine Toll-like 
receptors detect canine leucocytes by flow cytometry. Vet Immun Vet 
Immunopath, 2008. 124: p. 184-91. 

11. Im Hof M., Williamson L., Summerfield A., Baler V., Dutoit V., Kandimalla 
E. R., Yu D., Zurbriggen A., Doherr M. G., Peel J., Roosje P., Effect of 
synthetic agonists of toll like receptor 9 on canine lymphocyte proliferation. 
Vet Immun Immunopath, 2008. 124: p. 120-31.   

12. Asahina Y., Yoshioka N., Kano R., Moritomo T., Hasegawa A., Full length 
cDNA cloning of Toll-like receptor 4 in dogs and cats. Vet Immun Vet 
Immunopath, 2003. 96: p. 159-67. 

13. Hershberg R.M., Mayer L.F., Antigen processing and presentation by 
intestinal epithelial cells – polarity and complexity. Immunol Today, 2000. 21: 
p. 123-28. 

14. Cheroutre H.,. Kronenberg M., Mucosal T lymphocytes – peacekeepers and 
warriors. Springer Seminar Immun, 2005. 27: p. 147-65 

15. Niess J.H., Reinecker H., Lamina propria dendritic cells in the physiology and 
pathology of the gastrointestinal tract. Curr Opin Gastreonterol, 2005. 21: p. 
687-91. 

16. German A.J., Bland .W., Hall E.J., Day M.J., Expression of major 
histocompatibility complex, class II antigens in the canine intestine. Vet 
Immunul Immunopath, 1998. 61: p.171-80. 

17. Johansson-Lindbom B., Agace W.W., Generation of gut-homing T-cells and 
their localization to the small intestinal mucosa. Immunol Rev, 2007. 21: p. 
226-42. 

18. Mora J. R., Bono M. R., Manjunath N., Weninger W., Cavanagh L.L., 
Rosemblatt M., Von Adrian U.H., Selective imprinting of gut-homing T cells 
by Peyer`s patch dendritic cells. Nature, 2003. 424: p. 88-93. 



Appendix  114 

 

 

19. Stagg A.J., Kamm M.A., Knight S.C., Intestinal dendritic cells increase T cell 
expression of alpha4beta7 integrin. Eur J Immunol, 2002. 32: p. 1445-54. 

20. Deplazes P., Penhale W.J., Greene W.K., Thompson R.C.A., Effect on 
humoral tolerance (IgG and IgE) in dogs by oral administration of ovalbumin 
and Der p1. Vet Immun Immunopath 2005. 45: p. 361-67. 

21. Chehade M., Mayer L., Oral tolerance and its relation to food 
hypersensitivities. J Allergy Clin Immunol, 2005. 115: p.3-12 

22. Chen Y., Inobe J-I., Marks R., Gonnella P., Kuchroo V. K., Weiner H.L., 
Peripheral deletion of antigen-reactive T cells in oral tolerance.  Nature, 
2002. 376: p. 177-80. 

23. Meyer A.L., Benson J., Song F., Javed N., Gienapp I.E., Goverman J., Brabb 
T.A., Hood L., Whitacre C.C., Rapid depletion of peripheral antigen-specific 
T cells in TCR-transgenic mice after oral administration of myelin basic 
protein. J Immunol, 2001. 166: p.5773-82. 

24. Tsuji N. M., Kosaka A., Oral tolerance: intestinal homeostasis and antigen-
specific regulatory T cells. Trends Immun, 2008. 29: p 532-40. 

25. Chen W., Frank M.E., Jin W., Wahl S.M., TGF-β released by apoptotic T 
cells contributes to an immunosuppressive milieu. Immunity, 2001. 14: p.715-
25. 

26. Peters I.R., Helps C.R., Calvert E.L., Hall E.J., Day M.J., Cytokine mRNA 
quantification in duodenal mucosa from dogs with chronic enteropathies by 
real-time reverse transcriptase polymerase chain reaction. J Vet Intern Med, 
2005. 19: p. 644-53. 

27. Mowat A.M., Parker L.A., Beacock-Sharp H., Millington O.R., Chirdo F.,  
Oral tolerance: overview and historical perspectives. Ann N.Y. Acad. Sci., 
2004. 1029: p. 1-8. 

28. Elwood C.M., Hamblin A.S., Batt R.M., Quantitative and qualitative 
Immunohistochemistry of T cell subsets and MHC Class II expression in the 
canine small intestine. Vet Immun Immunopath, 1997. 58: p. 195-207. 

29. Dahan S., Roth-Walter F., Arnaboldi P., Agarwal S., Mayer L., Epithelia 
:lymphocyte interactions in the gut. Immun Rev, 2007. 215: p. 243-53. 

30. Ramsdell F., Ziegler S.F., Transcription factors in autoimmunity. Curr Opin 
Immun, 2003. 15: p 718-24. 

31. Coombes J. L., Siddiqui K.R., Arancibia-Carcamo C.V., Hall J., Sun C.M., 
Belkaid Y., Powrie F., A functionally specialized population of mucosal 
CD103+ dendritic cells induces Foxp3+ regulatory T cells via the TGF-β and 
retinoic-acid dependent mechanism. J Exp Med, 2007.  202: p. 1063-73.  

32. O`Garra A., Vieira P., Regulatory T cells and mechanisms of immune system 
control. Nat Med, 2004. 10: p.801-5. 

33. Izcue A., Powrie F., Special regulatory T cell review: regulatory T cells and 
the intestinal tract – patrolling the frontier. Immunology, 2008. 123: p. 6-10. 

34. Biller B.J., Elmslie R.E., Burnett R.C., Avery A.C., Dow S.W., Use of FoxP3 
expression to identify regulatory T cells in healthy dogs and dogs with cancer. 
Vet Immun Immunopath, 2007. 116: p. 69.78. 

35. Crowe P.T., Marsh M.N., Morphometric analysis of intestinal mucosa. 
Principles in enumerating intra-epithelial lymphocytes. Virchows Arch, 1994. 
424: p. 301-6. 

36. Grant C., Högberg L., Magnusson-Fälth K., Grodzinsky E., Sunqvist T., 
Stenhammer L., The clinical relevance of duodenal intraepithelial lymphocyte 



Appendix  115 

 

 

counts in children treated for celiac disease. Acta Pediatrica, 2008. 97: p- 
1133-35. 

37. German A.J., Hall E.J., Day M.J., Analysis of leucocyte subsets in the canine 
intestine. J Comp Pathol, 1999. 120: p.129-45. 

38. Sonea I. M., Jergens A.E., Sacco R.E., Niyo Y., Merten E., Kauffmann L.K., 
Moore P.F., Flow cytometric analysis of colonic and small intestinal mucosal 
lymphocytes obtained by endoscopic biopsy in the healthy dog. 2000. Vet 
Immun Immunopath, 77: p. 103-19.  

39. Cheroutre  H., IELs enforcing law and order in the court of the intestinal 
epithelium. Immun Rev, 2005. 206: p. 114-31. 

40. Lefrancois L., Fuller B., Huleatt J.W., Olson S., Puddington L., On the front 
lines: intraepithelial lymphocytes as primary effectors of intestinal immunity. 
Springer Semin Immunopathol, 1997. 18: p. 463-75. 

41. Regnault A., Cumano A., Vasalli P., Giuy-Grand D., Kourilsky P., 
Oligoclonal repertoire of the CD8 alpha alpha and the CD8 alpha beta TCR-
alpha/beta murine intestinal intraepithelial T lymphocytes: evidence for the 
random emergence of T cells. J Exp Med, 1994. 180: p.1354-8. 

42. Arstila T., Arstila T.P., Calbo S., Selz F., Malassis-Seris M., Vassalli P., 
Kourilsky P., Guy-Grand D., Identical Tcell clones are located within the 
mouse gut epithelium and lamina propria and circulate in the thoracic duct. J 
Exp Med, 2000. 191: p. 823-34.  

43. Hayday A., Theodoridis E., Ramsbrg E., Shires J., Intraepithelial 
lymphocytes: exploring the third way in immunology. Nat Immun, 2001. 2: 
p.997-1003 

44. Steele C.R., Oppenheim D.E., Hayday A.C., γδ T cells: Non-classical ligands 
for non-classical cells. Curr Bio, 2000. 10: p.282-5. 

45. German A.J., Hall R.J., Moore P.F., Ringler D., Newman W., Day M.J., The 
distribution of lymphocytes expressing alphabeta and gammadelta T-cell 
receptors, and the expression of mucosal addressin cell adhesion molecule-1 
in the canine intestine. J Comp Path 1999. 121: p.249-63. 

46. Zentek J., Hall E.J., German A., Haverson K., Bailey M., Rolfe V., Butterwick 
R., Day M.J., Morphology and immunopathology of the small and large 
intestine in dogs with nonspecific dietary sensitivity. J Nutr 2002. 132: p.1652-
4. 

47. Ishikawa H., Naito T., Iwanaga T., Takashi-Iwanaga H., Suematsu M., Hibi 
T., Nanno M., Curriculum vitae of intestinal intraepithelial T cells : their 
developmental and behavioral characteristics. Immun Rev, 2007. 215: p. 145-
65.  

48. Poussier P., Julius M., Thymus-independent T cell development and selection 
in the intestinal epithelium. A Rev Immun, 1994. 145: p. 521-53. 

49. Lefrancois L., Olson S., Cutting edge : reconstitution of extrathymic intestinal 
T cell compartment in the absence of irradiation. J Immun, 1997. 159: p. 538-
41. 

50.  Leishman A.J., Gapin L., Capone M., Palmer E., MacDonald H.R, 
Kronenberg M., Cheroutre H., Precursors of functional MHC class I or class 
II- restricted CD8alphaalpha (1) T cells are positively selected in the thymus 
by agonist selfpeptides. Immunity, 2002. 16: p. 355-64. 

51. Saito H., Kanamori Y., Takemori T., Nariuchi H, Kubota E., Takahashi-
Iwanaga H., Iwanaga T., Ishikawa H., Generation of intestinal T cells from 
progenitors residing in gut cryptopatches. Science, 1998. 280: p. 275-8. 



Appendix  116 

 

 

52. Lin T., Yoshida H., Matsuzaki G., Guehler S., Nomoto K., Barrett T.A., Green 
D., Autospecific γδ thymocytes that escape negative selection find sanctuary in 
the intestine. J Clin Invest, 1999. 104: p. 1297-305.  

53. Saurer L., Mueller C., T cell mediated immunoregulation in the 
gastrointestinal tract. Allergy in print, 2009.  

54. Corazza N., Müller S., Brunner T., Kagi D., Mueller C., Differential 
contribution of Fas and perforin-mediated mechanisms to the cell mediated 
cytotoxic activity of naïve and in vivo primed intestinal intraepithelial 
lymphocytes. J Immun, 2000. 164: p. 398-403. 

55. Lepage A.C., Buzoni-Gatel D., Bout D.T., Kasper H.L., Gut-derived 
intraepithelial lymphocytes induce long term immunity against Toxoplasma 
gondii. J Immun, 1998. 161: p. 4902-8. 

56. Saurer L., Seibold I., Rihs S., Vallan C., Dumrese T., Mueller C., Virus-
induced activation of self-specific TCR alpha beta CD8 alpha alpha 
intraepithelial lymphocytes does not abolish their self-tolerance in the 
intestine. J Immun, 2004. 172: p. 4176-83. 

57. Hayday AC., [gamma] [delta] T cells: a right time and a right place for a 
conserved third way of protection. Annu Rev Immunol, 2000. 18: p.975-1026.  

58. Tlaskalova-Hogenova H, Stepankova R, Hudcovic T, et al. Commensal 
bacteria (normal microflora), mucosal immunity and chronic inflammatory 
and autoimmune diseases. Immunol Lett, 2004. 93: p.97-108 

59. Sartor R.B., Microbial influences in inflammatory bowel diseases. 
Gastroenterol, 2008. 134: p.1-26 

60. Ahern P.P., Izcue A., Maloy K.J., Porie F., The interleukin -23 axis in 
intestinal inflammation. Immun Rev, 2008. 226: p.147-59. 

61. Uhlig HH, McKenzie BS, Hue S, Thompson C, Joyce-Shaikh B, Stepankova 
R, Robinson N, Buonocore S, Tlaskalova-Hogenova H, Cua DJ, Powrie F. 
Differential activity of IL-12 and IL-23 in mucosal and systemic innate 
immune pathology. Immunity, 2006. 25: p.181-91. 

62. Fuss IJ, Heller F, Boirivant M, Leon F, Yoshida M, Fichtner-Feigl S, Yang Z, 
Exley M, Kitani A, Blumberg RS, Mannon P, Strober W. Nonclassical CD1d-
restricted NK T cells that produce IL-13 characterize an atypical Th2 
response in ulcerative colitis J Clin Invest, 2004. 113: p. 1490-7. 

63. Scaldaferri F., Fiochi C., Inflammatory Bowel disease: progress and current 
concepts of ethiopathogenesis. J Dig Dis, 2007. 8: p. 171-8. 

64. Kucharzik T., Maaser C., Lügering A., Kagnoff M., Mayer L., Targan S., 
Domschke W., Recent Understanding of IBD pathogenesis: implications for 
future therapies Inflamm Bowel Dis, 2006. 12: p. 1068-1082. 

65. Fogle J.E., Bissett S.A., Mucosal Immunity and chronic idiopathic 
enteropathies in dogs. Compendium, 2007. 290-301. 

66. Littmann M.P., Dambach D.M., Vaden S.L., Giger U., Familial protein-losing 
enteropathy in Soft Coated Wheaten terriers: 222 cases (1983-1997). J Vet 
Intern Med, 2000. 14: p. 68-80. 

67. Madsen K., Malfair D., Gray D., Doyle J.S., Jewell L.D., Fedorak R.N., 
Interleukin 10 gene-deficient mice develop a primary intestinal permeability 
defect in response to enteric microflora. Inflamm Bow Dis, 1999. 5: 262-70.  

68. Linskens R.K., Huijsdens X.W., Savelkoul P.H., Vandenbroucke-Grauls C.M., 
Meuwissen S.G., The bacterial flora in inflammatory bowel disease: current 
insights in pathogenesis and the influence of antibiotics and probiotics. Scand 
J Gastroenterol Suppl, 2001. 234: p. 29-40. 



Appendix  117 

 

 

69. McGuckin M.A., Rajaraman E., Simms L.A. Florin T.H.J. Radford-Smith G., 
Intestinal barrier dysfunction in inflammatory bowel diseases. Inflamm Bow 
Dis, 2009. 15: p.100-13. 

70. Sanchez-Munoz F., Domiguez-Lopez A., Yamamoto-Furusho J.K., Role of 
cytokines in inflammatory bowel disease. World J Gastroenterology, 2008. 14: 
p. 4280-8. 

71. Guilford W.G., Idiopathic inflammmatory bowel diseases. In: Guilford W.G., 
Center S.A., Strombeck D.R., Williams D.A., Meyer D.J. (Eds.), Strombeck’s 
Small Animal Gastroenterology, 3rd edition, Saunders, Philadelphia, USA, 
1996. pp. 451-485. 

72. Fogle J.E., Bissett S.A., Mucosal immunity and chronic idiopathic 
enteropathies in dogs. Compendium, 2007. 29: p. 290-302. 

73. Hall E.J., German A.J., Diseases of the small intestine. In: Ettinger, S.J., 
Feldmann, E.C. (Eds.), Textbook of Veterinary Internal Medicine, 6th edition, 
Saunders, St. Louis, USA, 2005. pp.1332-1408. 

74. Jergens A.E., Moore F.M., Kaiser M.S., Hayens J.S., Kinyon J.M., 
Morphometric evaluation of immunoglobulin A-containing and 
immunoglobulin G-containing cells and T cells in duodenal mucosa from 
healthy dogs and from dogs with inflammatory bowel disease or nonspecific 
gastroenteritis. Am J Vet Res, 1996. 57: p. 697-704.  

75. Sydora B.C., Mixter P.F., Holcombe H.R., Eghtesady P., Williams K., Amaal 
M.C., Nel A., Kronenberg M., Intestinal intraepithelial lymphocytes are 
activated and cytolytic but do not proliferate as well as other T cells in 
response to mitogenic signals. J Immunol, 1993. 150: p. 2179-91. 

76. Lundqvist C., Melgar S., Yeung M.W., Hammarström S., Hammarström M., 
Intraepithelial lymphocytes in human gut have lytic potential and a cytokine 
profile that suggest T helper 1 and cytotoxic functions. J Immun, 1996. 157: p. 
1926-34. 

77. Brunner T., Arnold D., Wasem C., Herren S., Frutschi C., Regulation of cell 
death and survival in intestinal intraepithelial lymphocytes. Cell Death and 
Differentiation, 2001. 8: p.706-14. 

78. Jergens A.E., Schreiner C.A., Frank D.E., Niyo Y., Ahrens F.E., Eckersall 
P.D., Benson T.J., Evans R., A scoring index for disease activity in canine 
inflammatory bowel disease. J Vet Int Med, 2003. 17: p. 291-7. 

79. Allenspach K., Wieland B., Gröne A., Gaschen F., Chronic enteropathies in 
dogs:evaluation of risk factors for negative outcome. J Vet Int Med, 2007. 21: 
p. 700-8. 

 



Appendix  118 

 

 

6.3. Abbreviations 
 
APC antigen presenting cell 
CTLA cytotoxic lymphocyte associated antigen 
CARD caspase recruitment domains 
CCECAI canine chronic enteropathy clinical activity index 
CE chronic enteropathies 
CIBDAI canine IBD activity index 
CPs cryptopatches 
DC dendritic cell 
EB endoscopical biopsies 
E-cadherin epithelial calcium dependant adhesion molecules 
EDTA ethylenediaminetetraacetic acid 
FAE follicle-associated epithelium 
FoxP3 forkhead box P3 
FRD food-responsive dogs 
FSC forward scatter 
FTB full thickness biopsies 
GALT gut-associated lymphoid tissue 
HC healthy control dogs 
IBD Inflammatory bowel disease 
IEL intraepithelial lymphocytes 
IFN-γ  Interferon-gamma 
IgA immunoglobuline A 
IL Interleukin 
ILFs isolated lymphoid follicles 
IMO immune modulatory oligonucleotides 
IPEX immunodysregulation polyendocrinopathy  

enteropathy X-linked syndrome 
KGF keratinocyte growth factor 
LCMV  lymphocytic choriomenigitis virus 
LPL lamina propria lymphocytes  
mRNA messenger ribonucleic acid 
MICA MHC class I polypeptide-related sequence A 
MICB MHC class I polypeptide-related sequence B 
NOD nucleotide-binding oligomerization domains 
PPs Peyer`s Patches 
RT-PCR Real Time Polymerase Chain Reaction 
Rag Recombination activating gene 
TCR  T-cell receptor 
TNF-α  Tumor necrosis factor alpha 
Tregs regulatory T cells 
TLRs Toll-like receptors 
UC Ulcerative colitis 
SSC sideward scatter 
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