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ABSTRACT
Eczema is an itching relapsing and often chronic inflammatory skin disorder associated 

with cutaneous hyper reactivity to environmental triggers that are innocuous to normal 

individuals. 

The differentiation of epidermal keratinocytes leads to the formation of a physical 

barrier and together with appropriate innate immune responses produce a functional 

epidermal barrier protecting us against a number of detrimental factors in the external 

environment. Epidermal barrier dysfunction is an important factor in eczema 

development but is still poorly understood.  

The overall aim with the studies in this thesis was to improve our understanding of 

barrier dysfunction in eczema, mainly through the use of gene expression and genetic 

association studies.  

In study I we showed that antigen presenting dendritic cells (DCs) from eczema 

affected individuals responds differently to allergen (Malassezia sympodialis)

stimulation compared to DCs from healthy individuals. Our results indicate a diverse 

response among the eczema patients, where some exhibited an exaggerated 

inflammatory response towards the allergen on the DC level. In study II we used a 

mouse model for eczema to search for new differentially expressed genes, related to 

barrier function, in eczema. We found a reduction in the expression of the cornulin 

(CRNN) gene, a marker of late epidermal differentiation, in eczema-like skin in mice 

and this finding was then validated in eczema patients. We then tested whether genetic 

variability at the CRNN locus was associated with eczema susceptibility. Although 

association with atopic eczema was found, the effect of linkage disequilibrium with 

filaggrin (FLG) variants could not be excluded as a possible explanation for the 

association. In study III we confirmed that the previously identified FLG gene is a 

major susceptibility gene in atopic eczema and present data supporting that FLG

variants play a role in determining disease severity and progression into associated 

allergic phenotypes. Finally, in study IV we showed that the transglutaminase 1 

(TGM1) gene is differentially expressed and potentially represents a new susceptibility 

gene in the development of atopic eczema.  

In summary, the studies in this thesis have identified new differentially expressed genes 

associated with eczema. Furthermore, we confirmed the FLG gene as a susceptibility 

gene in eczema and identified the TGM1 gene as a new potential susceptibility gene. 
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1 INTRODUCTION 

1.1 HUMAN GENETICS 
In humans, the DNA is organized in 23 pairs of chromosomes, one pair of sex 

chromosomes and 22 pairs of autosomes formed by large polymers with a backbone of 

sugar (deoxyribose) and nitrogen bases (adenine (A), cytosine (C), guanine (G) and 

thymine (T)) attached to each sugar residue [1]. Attachment of a phosphate group leads 

to the formation of the basic repeat unit in the DNA strand, the nucleotide 

(approximately 3 billion in the genome). DNA strands forms a double helix with two 

DNA strands bound together in an anti-parallel way. The combination of different 

nucleotides is the source of the different functions found within the genome.  

A gene is a sequence of nucleotides located in a particular position (locus) on a 

chromosome that encodes a functional product, e.g. a protein. In 2001, the first analyses 

of the working draft of the human genome sequence were published [2, 3]. It is 

currently estimated that the genome contains some 20,000-25,000 protein coding genes, 

and a number of other functional elements, such as non-protein coding genes and DNA 

sequences related to chromosomal dynamics etc. [2, 4]. 

According to the central dogma in molecular biology, DNA in the nuclei of cells is 

transcribed into a messenger molecule (mRNA), which is then transported to the 

cytoplasm where it is translated into a protein. Each set of three nucleotides (called 

codons) encode an amino acid in the protein and certain codons terminate translation 

(stop codons) [1]. 

1.1.1 Genetic variation 
A number of variations (polymorphisms) are commonly found in the genome. 

Polymorphisms refers to the existence of two or more variants with a frequency >1% in 

a population [1]. These include repeated sequences with different numbers of repeats 

found in a population, deleted and inserted sequences and single nucleotide 

polymorphisms (SNPs). A SNP, as the name implies, is a variation at a single 

nucleotide position (usually two variants), e.g. the presence of either thymine or 

guanine in a particular position. Genetic variation is an important basis for the 

differences seen among individuals and are sometime linked to the development of 

diseases. For example, the substitution of a nucleotide in a protein coding sequence 
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may alter the amino acid sequence of the protein and changed nucleotide sequence in a 

regulatory region may alter the expression of the protein.  

1.1.2 Inheritance 
Recombination (chromosomal crossover between homologous regions) of the maternal 

and paternal chromosomes may occur during meiosis, which is the cell division that 

occurs during the formation of sperm and egg cells. Recombination is the principal way 

of creating genetic diversity between generations [1].  

As we have two copies of each gene (on autosomes), derived from our parents, a gene 

may exist in two alternative forms (alleles) in an individual. An individual that has two 

identical alleles at a locus is said to be homozygous while an individual with two 

different alleles is said to be heterozygous for that particular allele [5]. According to 

Mendel’s laws of inheritance, a phenotype (e.g. a disease) shows a dominant 

inheritance pattern if it manifests in a heterozygote and a recessive inheritance pattern if 

it only manifests in a homozygote individual. Most monogenic disorders follow these 

laws but multifactorial or complex diseases, such as the allergic diseases, do not follow 

any simple mode of inheritance [5]. These diseases have a clear heritable component 

but instead depend on a number of genes and environmental factors. One popular 

hypothesis proposes that the genetic factors underlying common diseases (such as the 

allergic diseases) will be alleles that are themselves quite common in the population at 

large [6, 7], and this assumption is commonly used in designing genetic studies of these 

diseases. However, this hypothesis is not necessarily true for all genes involved in 

complex diseases [8].  

1.1.3 Linkage disequilibrium 
Linkage disequilibrium (LD) can be described as non-independence of alleles, or 

association between different alleles at sites (loci) located nearby each other, and refers 

to the number of historical recombinations between two loci, e.g. two SNPs [5, 9]. The 

two most commonly used measures of LD are D’ and r2 and they both range between 0 

(complete equilibrium) and 1 (complete disequilibrium). A D’ value of 1 between two 

SNPs indicates that no recombination has occurred between the SNPs since they arose 

in the study population. The r2 measure is called the correlation coefficient, which is a 

statistical measure of LD. In contrast to the D’ the r2 value is dependent on the 

frequency of the SNPs and is therefore more informative in some cases, e.g. when 

selecting SNPs for an association studies as will be described in a later section. A short 
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distance between two alleles usually means a high degree of LD since the distance is 

directly linked to the probability of a recombination event having occurred.  

Knowing the LD structure in a genetic region of interest is essential for the construction 

of haplotypes. Haplotypes are the combination of alleles at different loci in a region, in 

other words, alleles that are inherited as a unit. Strong LD over a region is commonly 

referred to as a haplotype block [9]. Since the combination of different genetic variants 

in a region might have a different impact on a phenotype, compared to their individual 

effects, the identification and study of haplotypes is therefore the aim in many genetic 

studies. 

1.1.4 Genetic association studies 
Genetic association studies are high resolution studies that commonly use SNPs to test 

association between alleles in a candidate gene region and the disease. As exemplified 

by some of the studies in this thesis, previous linkage studies have provided 

chromosomal regions of interest and gene expression studies may aid in the selection of 

candidate genes within a particular region.  

Tests for association fall into two broad categories, depending on what type of sample 

is used. Case-control tests use unrelated individuals who are affected (cases) and 

unaffected (controls). Case-control tests compare allele or genotype frequencies in the 

cases to the frequency in a set of matched controls. In this thesis however, the studies 

have been family-based. Family-based tests of association use affected individuals and 

their relatives. The transmission frequency to affected individuals of a certain allele is 

compared with the expected 50% transmission frequency for alleles that are not 

involved in disease susceptibility. This approach is more expensive since more 

individuals will have to be genotyped for the studied SNPs but has the advantage of 

ensuring that there is no problem with population stratification, i.e. selecting cases and 

controls from populations that differ in allele frequency also for polymorphisms that are 

not involved in disease susceptibility [5]. An allele that is found to be associated with 

disease may itself be a susceptibility factor, or may be associated due to LD with a 

susceptibility allele at a nearby locus. 

1.2 THE IMMUNE SYSTEM 
The immune system is our main defense against infectious agents. It is usually 

described as being composed of two parts, the innate response which is first to react to 

against a pathogen, and the adaptive response which is more specific and therefore 
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takes longer to develop [10]. The action of the adaptive response is dependent on 

signaling from the cells of the innate response and when an adaptive response has been 

mounted it also provides signals that affect the function of the innate immune response. 

A fully functional immune system is therefore the result of a combination of these 

factors. Our epithelial surfaces provides the first line of defense against invading 

pathogens by forming barrier structures and in addition a number of cell types produce 

anti-microbial peptides [11, 12]. When a pathogen crosses an epithelial barrier the 

innate system has a number of defense mechanisms to rid us of the pathogen. For 

example, cells like macrophages and neutrophils phagocytose (engulf) pathogens and 

activation of opzonizing agents (the complement system) results in more efficient 

phagocytosis and also lysis of the pathogen [10]. The innate cells also release cytokines 

which mobilize antigen presenting cells (APCs) that in turn can activate the cells of the 

adaptive immune system. While the innate immune system is activated upon 

recognition of conserved pathogen-associated molecular patterns, by a limited set of 

germline-encoded pattern recognition receptors (PRRs), the adaptive immune function 

is mediated by the ability of B cells and T cells to produce highly specific antigen 

receptors that have undergone gene rearrangement [10]. B cells express 

immunoglobulin (Ig) on their surface and can also (upon activation) secrete soluble Ig 

(antibodies) directed towards extracellular pathogens. T cells express receptors that 

recognize antigens (usually peptides) derived from pathogens and presented on major 

histocompatibility complexes (MHCs) expressed on APCs. Activation of cytotoxic 

CD8+ T cells via MHC class I molecules leads to killing of infected cells while 

activation of CD4+ T helper cells via MHC class II leads to the induction of 

macrophages and B cells. Importantly, there are also regulatory T cells that can inhibit 

and balance immune responses [10]. Once the adaptive immune system has 

encountered a pathogen memory cells can be formed which allows for a more efficient 

response in the case of re-infection with the same pathogen. 

1.2.1 Dendritic cells 
APCs are among the first cells to respond to an invading pathogen. Activation, through 

PRRs, induces the expression of co-stimulatory molecules thereby enabling them to 

activate T cell responses via antigen presentation on MHC. Although almost every cell 

in the body is technically an APC, since it can present antigen to CD8+ T cells via 

MHC class I molecules. However, certain cells such as macrophages, B cells and 
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dendritic cells (DCs) are sometimes termed professional APCs since they also express 

MHC class II and can activate a CD4+ T cell that has not been exposed to antigen [10].  

DCs are important APCs with exceptional capacity to initiate primary and secondary 

immune responses and tolerance providing a link between the innate and the adaptive 

immune system [13]. Migratory DCs can be described as sentinels, patrolling interfaces 

of the body such as the skin and mucosa. Immature DCs are specialized at antigen 

uptake and after uptake and stimulation of proinflammatory signals, they migrate to 

secondary lymphoid organs where they as matured DCs act as APCs [14]. After uptake 

the antigen is processed into peptide fragments which are then presented on their cell 

surface together with MHC molecules to antigen specific T cells. By providing 

different signals (costimulatory molecules and cytokines), to CD4+ T cells the DC can 

influence the differentiation of the cells into either T helper (Th) 1, Th2 or T regulatory 

cells [15]. Important in this context is the signalling through a number of different 

receptor types, including the family of toll-like receptors, on the DCs [16]. These 

receptors allow discrimination between different groups of invaders and DC responses 

that are more specialized. Activation of T cells can in turn lead to stimulation and 

selection of specific B cells in the secondary lymphoid organs [10]. It is also clear that 

DC’s can interact with and activate B cells and T cells in the periphery, e.g. in an 

inflamed tissue [17].  

DCs originate from hematopoietic progenitor cells, and there is evidence for at least 

two major DC subsets, namely the “conventional” myeloid DCs and the plasmacytoid 

DCs [18, 19]. These two subsets have distinct morphology and have both separate and 

shared functions. For the purpose of this thesis I will focus on the myleiod subset and 

more specifically the major DC subpopulations present in the skin. 

Langerhans cells (LCs) can be found in the basal and suprabasal layers of the 

epidermis. LCs is probably the most studied DCs and in terms of expression they are 

characterized by a high expression of langerin which is involved in antigen uptake [20]. 

Immature LCs in the skin uses several mechanisms to be effective at antigen uptake. 

They have a high level of endocytic activity e.g. so called macropinocytosis, i.e. uptake 

of large vesicles mediated by membrane ruffling. This allows them to internalise large 

amounts of soluble antigens. They also have a high level of receptor mediated 

endocytosis, e.g. via mannose receptors (MR), DEC-205 and Fc receptors including all 

known types of IgE receptors: the low-affinity receptor (Fc RII), the high-affinity 

receptor (Fc RI), and the epsilon-binding protein [21]. Activated LCs migrate to T cell 

rich areas of regional lymph nodes, a process dependent on cytokines and chemokines 
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produced by the surrounding cells e.g. keratinocytes in the skin and T cells in the 

lymph node. This leads to an altered expression of adhesion molecules (e.g. E-

cadherin) and signaling through chemokine receptors (e.g. CCR7) on the LCs and 

thereby facilitates the migration. Matured LCs, besides CCR7, produce MHC 

molecules, a number of co-stimulatory molecules, such as the B7 family members, and 

adhesion molecules to provide efficient antigen presentation. 

Dermal dendritic cells (DDCs) reside in the dermal part of the skin, and there is no 

exclusive marker for dermal dendritic cells comparable to langerin for Langerhans 

cells. Both cell types are equipped with different sets of molecules that facilitate and 

regulate the uptake of microorganisms. For example, the CD1a molecule that is 

involved in the presentation of lipidic microbial antigens is abundant on Langerhans 

cells but low or absent on dermal dendritic cells. The observed differences in receptor 

expression indicate that Langerhans cells and dermal dendritic cells (or subsets thereof) 

may recognize and react to different spectra of pathogens and may serve somewhat 

different functions [22, 23]. 

In addition to the resident cell types, inflammatory dendritic cells (IDECs) can be 

recruited to the skin during an inflammatory response and are currently believed to 

differentiate from monocytes in the peripheral blood [24].   

DCs can be generated from CD14+ monocytes in vitro e.g. by culturing with 

granulocyte-macrophage colony stimulating factor (GM-CSF) and IL-4 [25, 26]. This 

provides additional possibilities of studying their function, e.g. in the context of atopic 

eczema, as presented in study I in this thesis. 

1.3 BARRIER FUNCTION OF THE SKIN 
A constant interaction with the environment is taking place at our epithelial barriers and 

the maintenance of epithelial-barrier integrity is a key element for the survival of higher 

organisms. In humans, the main barrier organs are the mucosa of the gastrointestinal 

tract, the lungs and the nose, the oral cavity, the urogenital tract and the epidermis of 

the skin.  

The skin is our largest organ and act as a defense line versus chemical, physical, and 

microbial insults. The physical barrier, stratum corneum, located in the outermost layer 

of the epidermis, is composed of corneocytes with protein and lipid enriched cell 

envelopes (the cornified envelope, CE), and extracellular lipids forming a cross-linked 

network. This barrier is a result of proliferation and the differentiation of keratinocytes 

that begins in the basal layer of the epidermis.  
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1.3.1 Epidermal differentiation 
Since dead keratinocytes (corneocytes) are continuously shed from the surface in a 

process known as desquamation, the epidermis needs to be continually renewed. To 

achieve this, the major cell type of the epidermis, the epidermal keratinocyte, 

undergoes a program of events as it moves from the basal membrane towards the 

surface. This program is called epidermal differentiation. Epidermal differentiation is a 

complex (and not fully understood) process, believed to be governed by a rise in 

intracellular Ca2+, and requires regulated expression of a number of genes [27-29]. The 

layers in the epidermis are characterized by the expression of specific markers as 

exemplified in figure 1 (genes investigated in study II-IV have been underlined). 

Keratinocytes begin as stem cells in the basal layer where they express keratin-5 and 

keratin-14 as their main structural proteins. Triggered by poorly understood signals, 

they start to move towards the epidermal surface, lose their ability to proliferate and 

begin to produce the structural proteins needed for the formation of the CE. In the 

spinous layers the cells express desmoglein proteins that are functionally linked to the 

presence of extensive intercellular desmosomal connections.  

Figure 1. Schematic overview of the different strata of the epidermis and gene expression 

localization. Figure modified from Candi et al [29]. 

In the granular layer, keratin-1 and keratin-10 replace the structural keratins expressed 

in the basal layer and filaggrin (released from granules) aggregate keratin filaments 

promoting the flattening of the cells. These cells (corneocytes) undergo further 

reinforcement steps by cross-linking actions of transglutaminases [30], i.e. the 

sequential incorporation of a number of proteins including e.g. involucrin, loricrin, 

small proline-rich (SPRs) and S100A proteins. In addition to the cornified envelope 

Cornified:  Involucrin,loricrin, filaggrin, SPRs, S100A proteins.  

Granular: Filaggrin, cornulin, transglutaminase-1, -3, keratin-1, -10,  

Spinous: Desmoglein-2, -3, -4. 

Basal: Keratin -5, -14, transglutaminase -2. 
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proteins a series of lipids (e.g. ceramides) are produced that both form the lipid 

envelope that is attached by transglutaminases to the proteins and intercellular lipids. 

Together, the complete CE (protein and lipid envelope) and intercellular lipids provide 

a “bricks and mortar” type structure that constitutes the physical barrier function of the 

skin. 

Not surprisingly, mutations in genes that determine barrier integrity have been 

associated with life-threatening diseases. For example, the gene encoding the 

transglutaminase 1 protein have been shown to carry mutations that are causative 

factors for autosomal recessive lamellar ichthyosis (OMIM#242300) and non-bullous 

congenital ichthyosiform erythroderma (OMIM#242100), both skin disorders that are 

characterized by severe epidermal abnormalities [31-33]. Genetic variability at this 

gene locus was studied in the context of eczema in this thesis (study IV). Furthermore, 

genetically or environmentally determined barrier dysfunction is probably an important 

feature in several of our most common inflammatory diseases [34, 35]. 

1.4 ALLERGY 
Allergens are most commonly proteins that contain peptides that bind MHC class II and 

selectively evoke Th2 cells that drive an IgE response from B cells. These proteins can 

be of many different functions and although some groups of allergens have been 

identified, such as proteolytic enzymes, there is still no clear picture when it comes to 

systematic association of these proteins and allergenicity. However, factors such as low 

molecular weight, solubility and protein stability seem to be important. Common 

allergic triggers are insects (e.g. mites), animal dander, yeast, foods and pollens [36]. 

According to the recently revised terminology by the World Allergy Organization [37], 

allergy is defined as a hypersensitivity reaction initiated by immunological mechanisms 

and allergy is further subdivided into IgE-mediated allergy and non IgE-mediated 

allergy. When we talk about allergy, we most commonly mean allergy mediated by IgE 

which is defined as the occurrence of allergen specific IgE (positive in vitro test or skin 

prick test) in combination with classical allergic symptoms. Atopy can be defined as a 

personal and or familial tendency to become sensitized and produce IgE antibodies in 

response to ordinary exposures to allergens and is commonly associated with allergic 

disease. 
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The allergic diseases have become a major public health issue in the industrialized 

countries. It has been estimated that approximately 25 % of the children in these 

countries are affected by IgE mediated allergic disease [38] and many of these will 

suffer from continued problems as adults. Common manifestations of allergies are 

atopic eczema, food allergies, allergic asthma and allergic rhinoconjunctivitis, and 

clinically these manifestations often occur in the same individuals.  

Atopy is a strong risk factor for the development of allergic disease. However, it does 

not necessarily lead to disease illustrating the existence of many risk factors being 

involved including specific risk factors for certain allergic diseases. While genetic 

factors influence an individual’s probability of developing allergic disease, 

environmental factors play an important role and must be responsible for the dramatic 

increase seen in the industrialized countries.   

A number of factors that influence the risk of developing allergic disease have been 

proposed and many of these, including family size, day care attendance, vaccination, 

antibiotics use etc. may be related to microbial exposure during early childhood (or 

even in utero). A “hygiene hypothesis” has therefore been proposed [39]. This 

hypothesis states that exposure to microbes early in life may result in protection from 

allergic disease. The immunological mechanism behind the hygiene hypothesis remains 

unclear. One possible mechanism might be a reduced stimulation and activity of T 

regulatory cells which are important for appropriate immune suppression [40] but many 

aspect of the hypothesis remain controversial and further studies are clearly warranted 

[41].  
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1.5 ECZEMA 
Eczema, often referred to as atopic dermatitis/eczema, is a pruritic (itching) relapsing 

and often chronic inflammatory skin disorder associated with cutaneous hyper 

reactivity to environmental triggers that are innocuous to normal individuals [42].  

Eczema currently affects 10–20% of children and 1–3% of adults in westernized 

countries [43].  

Figure 2. Eczema terminology as proposed by the World Allergy Organization. Under the 

umbrella dermatitis (local inflammation of the skin), eczema is now the agreed term to replace 

the transitional term atopic eczema/dermatitis syndrome (AEDS) [37]. Atopic eczema is eczema 

in a person of the atopic constitution. 

Clinically, the disease is usually divided into three age dependent phases: the infantile, 

childhood and adult phase. During the infantile phase the eczema is typically located on 

the head, trunk and extensor surfaces of the extremities, but in the flexure surfaces 

during the childhood phase. In the adult phase the eczema is predominantly located on 

the hands, on the flexure surfaces and on the neck and face [44]. 

Figure 3. Facial eczema in an infant and flexural eczema in child.  
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The impact of eczema on quality of life is very significant, children with moderate to 

severe eczema rate their condition as having a higher impact than chronic childhood 

disease such as epilepsy or diabetes [45, 46].  

Eczema, asthma and rhinoconjunctivitis tend to cluster in the same individuals and 

families and the progression of eczema into allergic airway disease is referred to as the 

“atopic march” [47]. However, a recent cohort study showed that early wheeze and a 

specific sensitization pattern were significant predictors of asthma at school age, 

irrespective of early eczema [48]. The exact relationship between early eczema and  

allergic airway disease remains to be elucidated [41]. 

A subset of the patients with eczema have increased levels of specific IgE/and or 

positive skin prick test and in this case the disease is termed atopic eczema [37]. 

Nonatopic eczema comprises individuals without increased levels of specific IgE or 

positive allergen skin prick/atopy patch tests [37]. Nonatopic eczema may develop into 

atopic and could therefore represent a transitional form in some cases. However, some 

patients will not develop any signs of atopy. The different forms of eczema are not 

possible to distinguish clinically and at present it is not clear whether disease in 

nonatopics is the result of different processes. 

As shown in a recent systematic review [49], the prevalence of IgE sensitization and/or 

positive skin prick test in eczema affected individuals varies considerably depending on 

the study population. In hospital-based studies the range was from 47% to 75%, while 

lower prevalence were found in community based studies with a range between 7% and 

78%. The authors concluded that this difference is probably in part related to the higher 

degree of eczema severity in hospital-based studies. Although IgE sensitization is more 

commonly found in eczema patients, and is associated with eczema severity, the 

current evidence does not support the use of IgE sensitization as diagnostic criteria for 

eczema [41, 49]. However, numerous studies support a mediating role for IgE in 

immunological processes occurring in patients with established disease [42, 50]. 

The overall picture is therefore that the association between IgE and eczema and other 

allergic manifestations needs to be studied further. One probable explanation for these 

inconsistent findings is disease heterogeneity and as we learn more about the different 

forms of eczema the relationship with IgE and the role in other allergic manifestation 

will become clearer. 



12

1.5.1 Triggers of eczema 
A number of environmental triggering factors for eczema have been described. 

Common examples include food allergens, aeroallergens (e.g. house dust mites, weeds, 

animal danders, and molds), microorganisms such as the Staphylococcus aureus

bacterium and the opportunistic yeast Malassezia species [51]. Furthermore, factors 

such as stress, autoantigens and different forms of mechanical and chemical irritants 

probably play additional roles in triggering and influencing eczema severity [51]. 

1.5.2 Genetics of eczema 
Eczema belongs to the group of complex disorders, where the development of the 

phenotype results from a complex interplay of different susceptibility genes and their 

polymorphic variants with environmental factors.  

The genetic component in the disease etiology is most clearly illustrated by family 

studies. The prevalence in children is ~81% when both parents have the disease and 

~56% when only one parent is affected [52]. Twin studies of eczema have shown 

concordance rates of 0.72–0.77 in monozygotic and 0.15–0.23 in dizygotic twin pairs 

[53, 54]. Several linkage studies have been performed, identifying multiple loci linked 

to eczema susceptibility on chromosomes 1q21, 3p24–22, 3q21, 3q14, 4p15, 5q, 13q14, 

14q11-12, 15q14-15, 17q21, 17q25, 18q11-12, 18q21 [55-60]. In addition, a number of 

candidate genes have been implicated in eczema materials (table 1). These fall into two 

main groups, i.e. genes primarily involved in the formation/homeostasis of the physical 

epidermal barrier and genes involved in the development and regulation of immune 

responses. Many of the genes in this list have only been studied in one population and 

some have not been confirmed in following replication studies. Additional studies are 

therefore needed to clarify their role in eczema susceptibility. 

Barrier function is altered in eczema patients. This is evident from increased 

transepidermal water loss and increased cutaneous penetration in both lesional and non-

lesional skin of eczema patients [61-65]. 

Recent studies have identified several candidate genes that may partly explain this 

phenomenon [66-70]. Several proteases are involved in the proteolytic degradation that 

occurs in the epidermis during the desquamation of dead corneocytes from the surface 

[28]. Genetic variation in the KLK7 gene encoding one of these proteases, the stratum 

corneum chymotryptic enzyme (SCCE) has been associated with eczema [68]. It was 

speculated that the identified insertion might increase the stability of the mRNA, hence 
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leading to increased production of SCCE. This could then lead to premature 

desquamation and produce a defective epidermal barrier. 

Chr. 
region 

Gene  
symbol 

Gene  
name 

Original 
publication 

Genes mainly related to physical epidermal barrier formation/homeostasis:  

1q21 FLG Filaggrin Palmer et al, 2006 [66] 

19q13.3 KLK7 Stratum corneum chymotryptic enzyme Vasilopoulos et al, 2004 [68] 

5q31-33 SPINK5 Serine protease inhibitor, Kazal type 5 Walley et al, 2001 [67] 

3q21 CSTA Cystatin A Vasilopoulos et al, 2007  [69] 

3q21 COL29A1 Collagen XXIX alpha 1 Söderhäll et al, 2007 [70] 

Genes mainly related to immune signaling:

4q32 TLR2 Toll-like receptor 2 Ahmad-Nejad et al, 2004 [71] 

2q33 CTLA4 Cytotoxic T lymphocyte-associated-4 Jones et al, 2006 [72] 

5q31-33 IL-4 Interleukin-4 Kawashima et al, 1998 [73] 

16p11-12 IL-4R IL-4 receptor -chain Oiso et al, 2000 [74] 

11q22 IL-18 Interleukin-18 Novak et al, 2005 [75] 

4q35.1 IRF2 Interferon regulatory factor 2 Nishio et al, 2001 [76] 

5q31.1 CD14 Monocyte differentiation antigen 14 Lange et al, 2005 [77] 

5q31.3 GM-CSF Granulocyte-macrophage colony-

stimulating factor 

Rafatpanah et al, 2003 [78] 

7p14-15 CARD4 Caspase recruitment domain-containing 

protein 4 

Weidinger et al, 2005 [79] 

11q12-13 Fc RI -chain of the high affinity receptor for IgE Cox et al, 1998 [80] 

5q33.2 TIM1 T cell immunoglobulin- and mucin domain-

containing molecule 1 

Chae et al, 2003 [81] 

13q14 PHF11 PHD finger protein 11 Jang et al, 2005 [82] 

14q12 CMA1 Mast cell chymase 1 Mao et al, 1996 [83] 

17q25 SOCS3 Suppressor of cytokine signaling 3 Ekelund et al, 2006 [84] 

19q13.1 TGF 1 Transforming growth factor, beta 1 Arkwright et al, 2001 [85] 

Table 1. Selection of candidate genes in eczema. Modified from Morar et al [43].To save space 

in the table only the original studies have been listed and the table only includes studies with 

p<0.01.  

Another example is the filaggrin (FLG) gene. The FLG gene encodes the profilaggrin 

protein, which is one of the main protein components of the keratohyalin granules 

within the upper cell layers of the epidermis. Upon terminal differentiation of the 

granular cells, the profilaggrin protein is proteolytically processed into 10–12 filaggrin 

peptides, which aggregate to the keratin cytoskeleton and bring about formation of 

squames, i.e. flattened corneocytes [86-88]. Two genetic variants, R510X and 
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2282del4, where identified as causing a lost expression of filaggrin peptides. This leads 

to a full ichthyosis vulgaris phenotype if in a homozygote or compound heterozygote 

form and a milder phenotype if in a heterozygote form [89]. Further, a following study 

by Palmer et al. [66] showed that these variants are major susceptibility factors in 

eczema. This original study has now been replicated and extended in a number of 

studies, including study III in this thesis [90, 91]. 

The FLG gene is located in the epidermal differentiation complex (EDC) on 

chromosome 1 where linkage to eczema has been reported [57]. This complex contains 

a cluster of genes that are known to be expressed during terminal differentiation of the 

epidermis. These genes can be divided into several functionally related groups e.g. the 

S100A calcium binding proteins, the small proline-rich proteins (SPRs) and also the 

fused gene family that includes the FLG gene and the cornulin gene (study II). A 

recent microarray studied showed that the expression of several of the genes in the 

EDC are dysregulated in the skin of eczema patients [92]. Furthermore, Morar et al [93] 

have shown that other genes than the FLG gene probably contribute to the linkage peak 

in the EDC region. The EDC complex is therefore an interesting target for further 

studies.  

Furthermore, genetic variation in a large number of genes regulating immune responses 

has been associated with eczema and other atopic phenotypes. Significant evidence of 

association has been reported for variants in and around a number of the genes in the 

cytokine cluster (5q31-33) including e.g. IL-4 [73], TIM-1 [81], GM-CSF [78], CD14

[77] and SPINK5 [67]. Several of these studies have now been replicated and although 

some degree of nonreplication is reported, the relevance of these gene products in 

allergic responses have been shown in many types of studies, suggesting that at least a 

proportion of these genetic effects should be real. 

1.5.3 Immune response in eczema 
Studies of eczema lesions show a biphasic pattern where the initial phase is 

predominated by Th2 cytokines that later switches to a more chronic Th1-dominated 

eczematous phase [94]. The effective production of IgE by B cells depends on support 

by Th2 cells, which produce IL-4, IL-5, IL-9 and IL-13. Disruption of the epidermal 

barrier and antigen exposure has been shown to induce production of IL-4 and IL-5 in 

the skin [95, 96].  

During the chronic phase increased expression of Th1 cytokines, such as IFN- , IL-12 

and GM-CSF can be observed [97]. IL-12 together with IL-18 stimulates the IFN-
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production of natural NK cells and T cells, enhances the cytolytic activity of NK cells 

and cytotoxic T lymphocytes and promotes the development of Th1 cells together with 

IFN- . IFN-  induces macrophage activation, expression of class I and II MHC 

molecules and costimulators on APCs, and inhibits the proliferation of Th2 cells.  

Myleiod DCs are believed to play an important role in the mounting of the immune 

responses seen in eczema patients. High amounts of LCs and IDECs have been found 

in lesional skin [24]. Both LC and IDEC express the high-affinity receptor for IgE 

(Fc RI) [24, 98]. After IgE binding and internalization of the allergen, LC can migrate 

to lymph nodes and present the allergen to naïve T cells, thus initiating a Th2 immune 

response with sensitization to the antigen. Alternatively, the activated LC can present 

the allergen locally to transiting antigen-specific T cells and thereby induce a T cell 

mediated secondary immune response [99]. At the same time, aggregation of Fc RI on 

the surface of LCs induces the release of chemotactic factors such as IL-16, 

CCL22/MDC, CCL17 and CCL2 [100, 101]. These cytokines are supposed to recruit 

IDEC into the skin. IDECs produce high amounts of proinflammatory cytokines after 

Fc RI cross-linking and may serve as amplifiers of the allergic inflammatory immune 

response [102]. Moreover, stimulation of Fc RI on the surface of IDEC induces the 

release of IL-12 and IL-18 and enhances the priming of naïve T cells into IFN-

producing Th1 cells. These mechanisms may lead to the switch from the initial Th2 

immune response in acute eczema to the Th1 phenotype in the chronic phase of eczema 

[102]. In addition to the cells mentioned above, other cell types, e.g. T regulatory cells, 

eosinophils, mast cells and also keratinocytes play important roles in the allergic 

response by producing molecules that modulate the inflammatory reaction [103]. 
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2 AIMS OF THE THESIS 
The differentiation of epidermal keratinocytes leads to the formation of a physical 

barrier. Together with appropriate innate immune responses this produces a functional 

epidermal barrier that protect against a number of detrimental factors in the external 

environment. Epidermal barrier dysfunction is an important factor in eczema 

development but is still poorly understood.  

The overall aim with the studies in this thesis was to improve our understanding of 

barrier dysfunction in eczema, mainly through the use of gene expression and genetic 

association studies. The aims in the individual studies were to; 

Study I: Investigate whether antigen presenting DCs from eczema affected individuals 

respond differently to allergen stimulation compared to DCs from healthy individuals. 

Study II: Identify new differentially expressed genes, related to barrier function, in 

eczema and test potential candidate genes in eczema susceptibility. 

Study III: Determine the frequency of the recently identified FLG loss-of-function 

variants in a Swedish eczema family material and test their association with eczema 

and associated phenotypes. 

Study IV: Investigate the expression of the TGM1 gene in eczema patients and test 

whether genetic variability in the TGM1 gene region contributes to eczema 

susceptibility. 
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3 MATERIAL AND METHODS 
This section provides information about the main study materials in this thesis. 

Furthermore it deals with some of the methodology but is by no means a complete 

description. Further information can be found in the individual papers and manuscripts 

and the references given therein. 

3.1 GENERATION OF MONOCYTE-DERIVED DENDRITIC CELLS (STUDY I)  

Peripheral blood (450 ml) supplemented with 15 IE/KY/ml heparin (LEOPharma, 

Malmö, Sweden) from healthy controls and patients with AD was diluted 1:1 with 

phosphate buffered saline (PBS, pH 7.4). Peripheral blood mononuclear cells (PBMC) 

were obtained by separation on Ficoll Paque (Pharmacia Biotech, Uppsala, Sweden). 

Serum was collected and stored at -20 C. CD14+ monocytes were enriched by positive 

selection using magnetic activated cell sorting (MACS, Miltenyi Biotech, Gladbach, 

Germany) according to the manufacturer’s protocol. The CD14+ monocytes were 

diluted to 4 x 105 cells/ml in complete culture medium (RPMIc) [104] and cultured in 

25- or 75-cm2 culture flasks for 6 days with refeeding on day 3.  Immature MDDCs 

were harvested on day 6 by gentle flushing. Anti-CD14 staining was performed to 

evaluate the separation efficiency of monocytes and shown to be always >92%. 

MDDCs on day 6 showed a typical immature phenotype (CD83+ cells < 5%) [105].  

M. sympodialis strain no. 42132 (American Type Culture Collection) was cultured on 

Dixon solid phase medium, at 37  for 4 days. The culture was controlled for bacterial 

contamination and growth of other yeasts using a blood agar plate and a Sabouraud 

dextrose agar plate. The yeast cells were harvested into sterile water and counted. 

Stimulation of immature MDDCs with M. sympodialis 

Immature (< 5% CD83+) MDDCs (4 x 105 cells/ml) were harvested on day 6 and 

incubated with or without M. sympodialis (five yeast cells per MDDC) in complete 

culture medium, as described above but with 5% heat inactivated FCS and 5% 

autologous serum, for 18 h at 37 C in 6% CO2.
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3.2 THE ECZEMA MOUSE MODEL (STUDY II) 
In study II we used a mouse model to screen for genes with altered transcripts levels in 

the skin after the induction of a eczema like phenotype. This model was developed by a 

research group at the National University of Singapore and established in our lab 

through collaboration with them. 

Sensitization protocol  

Six to eight weeks old female BALB/c J mice, from The Jackson Laboratory (Bar 

Harbor, Maine), were shaved on the back and epicutaneously patched with 50 g of 

recombinant Der p 2 [106], a major allergen from the house dust mite 

Dermatophagoides pteronyssinus [107, 108], in 100 l of PBS (or PBS alone as 

control) on a 1 cm2 sterile gauze fixed with a hypoallergenic breathable dressing and 

support bandage from 3M (St. Paul, Minnesota), see figure 4.  

Figure 4. Sensitization protocol. Der p 2 or PBS patches were applied for 4 days at the 

beginning of week 1, 4 and 7. 

In addition to the these two (PBS and Der p 2) groups, a separate group of PBS treated 

mice were Der p 2 patched at the end of the protocol to confirm that the induced 

histopathology was not due to an irritant effect of Der p 2. This group showed normal 

histology. 
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Skin histopathology 

Skin biopsies from mice were collected day 50 and fixed in 10% buffered neutral 

formalin. Paraffin embedded biopsies were sectioned (4 m) and haematoxylin and 

eosin stained. 

Detection of Der p 2 specific antibodies 

Specific IgG1, IgG2a and IgE were detected on Der p 2 coated 96-well plates with 

biotin-conjugated rat anti-mouse antibodies LO-MG1-2, LO-MG2a-7 and LO-ME-3, 

respectively from Serotec (Oxford, UK). Mouse recombinant IgG1 (107.3), IgG2a 

(G155-178), IgE (IgE-3) from BD Pharmingen (San Diego, California) were used as 

standards in wells coated with a rat anti-mouse Ig light-chain antibody (R8-140, BD 

Pharmingen). ExtraAvidin -alkaline phosphatase and p-nitrophenyl phosphate 

substrate were from Sigma-Aldrich (St. Louis, Missouri). Data are expressed as ELISA 

units, corresponding to OD values with 1 ng/ml of standard at 405 nm. 

Splenic T cell cultures and cytokine measurements

Spleens were collected on day 50 and homogenized in HBSS from Sigma-Aldrich. The 

cells were then treated with Red Blood Cell Lysis Buffer (Sigma-Aldrich), washed 

three times with HBSS, and resuspended in complete RPMI-1640 culture medium from 

Invitrogen-GIBCO (Carlsbad, California) Der p 2 (10 g/ml) was added to the medium 

on day 1 of cell culture in 24-well plates, 4 x 106 cells/well, for 3 days. Recombinant 

IL-2 was added at 10 U/ml, on day 3, 5, and 7. On day 10, live cells were harvested 

using the Ficoll-Paque Plus procedure from Amersham Biosciences AB (Uppsala, 

Sweden), washed three times with HBSS, and seeded at 1 x 105 cells/well in 96-well 

plates coated with anti-CD3 (145-2C11, NA/LE) and anti-CD28 (37.51, NA/LE)  in the 

medium (both Ab from BD Pharmingen). Controls, without anti-CD3 and anti-CD28, 

were set up in parallel. Supernatants were collected at 48h and cytokine production 

measured in an ELISA sandwich assay. Capturing and biotin-conjugated antibodies 

(mostly rat anti-mouse) were respectively R4-6A2 and XMG1.2 for IFN- , BVD4-

1D11 and BVD6-24G2 for IL-4, TRFK5 and TRFK4 for IL-5, D8402E8 and 

D9302C12 for IL-9 from BD Pharmingen, and JES052A5 and goat anti mouse IL-10 

for IL-10, and 38213 and goat anti-mouse IL-13 for IL-13 from R&D systems 

(Minneapolis, Minnesota). Recombinant mouse cytokines were used as standards, IL-

13 was from R&D systems and all others from BD Pharmingen. 
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3.3 GENE EXPRESSION ANALYSIS (STUDY I, II, IV) 
Gene expression analysis of MDDCs (study I) 

Radioactively labeled cDNA probes were prepared using the Atlas Pure Total RNA 

labeling system (Clontech) according to the manufacturer’s protocol. The probes were 

hybridized overnight at 68 C to a positively charged nylon membrane containing the 

arrayed DNA. The used arrays carry cDNA from 406 genes in duplicates, 9 

housekeeping genes and controls for genomic contamination and are referred to as 

haematology/immunology membranes (Clontech). The arrays were visualized by 

phosphoimaging using Fuji BAS 1800 I IR after 1 – 3 days of exposure. Image Gauge 

was used for processing of the scan files and AtlasImage 2.0 (Clontech) for final 

analysis and generation of result sheets. To assess differences in gene expression 

between filters, stimulated compared to non-stimulated MDDC from each individual, 

the intensity values for each gene were calculated after subtraction of the background 

and then normalized to the mean of intensity of four housekeeping genes on the same 

filter (ubiquitin C, liver glyceraldehydes 3-phosphate dehydrogenase, major 

histocompatibility complex class I C and cytoplasmic beta-actin). Cut-off was set at 

three times the background level, and ratios between M. sympodialis stimulated and 

non-stimulated samples were calculated. For values below cut-off, the cut-off value 

was used for ratio calculations. 

Gene expression analysis of skin biopsies (study II)  

Skin biopsies were collected at day 50 from Der p 2 treated and PBS treated mice at the 

site of application, and total RNA extracted with Trizol Reagent (Invitrogen) according 

to manufacturer’s instructions. Analysis of gene expression was performed by the 

Subtractive Suppression Hybridization (SSH) method [109] on the cDNA pools derived 

from 5 Der p 2 treated and 5 PBS treated skin biopsies. The resulting up and down 

regulated sequences were cloned into bacteria and individual clones sequenced. The 

SSH analysis was performed as a service from InDex Pharmaceuticals AB, providing 

the sequence data for further studies.   

BLAST and BLAT databank search tools were then used to identify the differentially 

expressed genes from sequence data.

For the Real-Time PCR experiments, performed to validate the SSH results in the 

mouse model and human biopsies, 1 g of total RNA from samples was reverse 

transcribed into cDNA with the SuperScript™ First-Strand Synthesis System for RT-
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PCR (Invitrogen) using an oligo(dT)12-18 in the reaction mixture. Primer ExpressTM 2.0 

software from Applied Biosystems (Foster City, California) was used to design specific 

primers. All primers were designed to overlap an exon-exon junction to avoid 

amplification of genomic DNA. Each primer pair was tested to produce only one 

product by a dissociation test (melting temperature of the double stranded product) 

performed in each run. Additionally, the product of each designed primer pair was run 

on a gel to confirm the correct size. Furthermore, PCR efficiency for all products was 

tested in a dilution experiment to confirm that the efficiency was independent of 

template concentration in the range found in the analyzed samples. Reactions were 

carried out in triplicate for each gene in an ABI Prism 7500 SDS machine, using SYBR 

Green (a dye that binds double stranded DNA) according to manufacturer’s instructions 

(Applied Biosystems). After normalization with the endogenous housekeeping gene 

Hypoxantine phosphate ribosyl transferase, relative gene expression levels were 

determined by the comparative CT method. 

Gene expression analysis of skin biopsies (study IV) 

Total RNA was extracted from skin biopsies with the Trizol Reagent (Invitrogen, 

Carlsbad, CA, USA) according to manufacturer’s instructions. Gene expression was 

analyzed by microarrays, containing ~42,000 cDNAs, manufactured by the Stanford 

Functional Genomics Facility. Fluorescently labeled cDNA prepared from amplified 

RNA (Ambion, Foster City, CA, USA) was hybridized to the array in a two-color 

comparative format, with samples from patients with atopic eczema and healthy 

controls labeled with Cy5 (red) and with a reference pool of human mRNAs 

(Stratagene, Agilent Technologies, Santa Clara , CA, USA) labeled with Cy3 (green). 

Array images were scanned by using an Axon Scanner 4000B, and data were analyzed 

by using GenePix 3.0 (Axon Instruments, Union City, CA, USA) and retrieved as the 

ratio of fluorescence intensities of the sample and the reference. 

3.4 THE ECZEMA FAMILY MATERIAL (STUDY II-IV) 
The eczema family material used in our studies is a subset of a larger material collected 

during 1995-1997 in the Stockholm area [110]. Families with at least two eczema 

affected siblings were recruited through patient registers at the unit for dermatology, 

Karolinska Hospital and Danderyd Hospital. The families were interviewed and parents 

were included in the study regardless of their disease status. In the studies presented in 
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this thesis, DNA from 406 pedigrees including a total of 1514 individuals was 

analyzed. 

Clinical examination 

The siblings were examined by the same dermatologist and were included as affected 

of eczema if they fulfilled the diagnostic criteria of the UK Working Party’s Diagnostic 

Criteria [111]. The diagnosis requires evidence of a pruritic skin condition plus 3 or 

more of the following: history of involvement of the skin creases, history of asthma or 

hay fever, history of generally dry skin, onset at less than 2 years of age, and visible 

flexural dermatitis. All siblings were above four years of age and the median age at 

examination was 29 years. All parents were not clinically examined but answered a 

questionnaire based on the UK Working Party’s Diagnostic Criteria for eczema.  

Atopic manifestations 

All siblings were interviewed in a standardized manner covering different aspects of 

atopy and eczema. The interview included information about age of onset of any atopic 

manifestation, past or present food allergy, urticaria, allergic asthma, allergic 

rhinoconjunctivitis and eczema. Atopic manifestations among parents, grandparents, 

non-participating siblings, spouses and children to the affected siblings were recorded.    

IgE Quantification 

IgE antibodies were quantified in all affected siblings. The total serum IgE was 

determined using the Pharmacia CAP System IgE FEIA (Pharmacia & UpJohn 

Diagnostics AB, Uppsala, Sweden). The phenotype “raised total IgE” was analysed as a 

qualitative variable in study III, with age-specific cut-off values. The cut-offs were; 

22.3 kU/l (9 months–5 years), 263 kU/l (5–20 years) and 122 kU/l (> 20 years). 

Allergen-specific IgE antibodies against Phadiatop®, a mixture of inhalant allergens, 

were analyzed with the Pharmacia CAP System Phadiatop®FEIA. The inhalant 

allergens were: House dust mite (D. pteronyssinus and D. farinae), cat, dog, horse, 

birch, timothy grass, mugwort, olive, Cladosporium herbarum, Parietaria judaica.

Phadiatop® was recorded as either positive or negative. 

Allergen-specific IgE antibodies against a mixture of food allergens (fx5) were 

analyzed with the Pharmacia CAP RAST®FEIA. The food allergens were: hen’s egg 

white, cow’s milk, soya bean, peanut, fish and wheat flour. The RAST results were 

divided into six classes, where a concentration <0.35kU/L represented a negative result 

(class 0). 
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Severity scoring 

An arbitrary score for the severity on the eczema was obtained using the classifications 

shown in table 2. A severe eczema phenotype was defined as severity scoring  4 (used 

in study III).

Factor Score

Age at onset 2 years: 1 

Hospitalization for eczema: 1 

Affected sitesa on examination:  

0 0 

1–3 1 

>3 2 

Raised total and/or allergen-specific IgE: 1 

Maximum score: 5 

Table 2. Severity scoring of eczema. aThe presence of eczema at one or both sites in bilateral 

structures was regarded as presence at one site.  

Characteristics of the eczema affected siblings 

A total of 1097 eczema affected siblings were included and analyzed in the genetic 

studies. The frequency of the studied phenotypes are presented in table 3. In addition, a 

majority of the siblings (78 %) had onset of eczema before two years of age. 

Phenotype % of siblings Sex ratio (M:F) 
Eczema  100  1:1.5 
Atopic eczema  64  1:1.3 
Non-atopic eczema  36  1:2.2 
Severe eczema (severity scoring 4)  15  1:1.3 
Eczema and Allergic asthma  38  1:1.5 
Eczema and Allergic rhinoconjunctivitis  67  1:1.5 
Eczema and Raised total IgE  38  1:1.6 

Table 3. Phenotype frequencies for the eczema affected siblings and sex ratios in the different 

phenotype groups.

3.5 SNP SELECTION AND GENOTYPING (STUDY II-IV) 
In 2007, the international HapMap consortium presented the most recent haplotype 

map of the human genome containing more than 3 million genotyped SNPs in four 

populations [112]. This is an invaluable tool when selecting SNPs for a genetic 
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association study since it allows for the selection of a non-redundant set of haplotype-

tagging SNPs in the studied region.  

In our studies, genotype data for SNPs in the studied gene regions was downloaded 

from the HapMap project website (http://www.hapmap.org) and SNPs were selected by 

using the Tagger implementation in the Haploview program [113]. A minor allele 

frequency of 5% was used as cut-off together with a LOD threshold of 3.0 for multi-

marker test and an r2 threshold of 0.8 between SNPs.  

Genotyping was performed by using allele-specific Taqman MGB probes labeled with 

fluorescent dyes FAM and VIC (TaqMan® SNP Genotyping Assays, Applied 

Biosystems), according to manufacturer’s instructions. Allelic discrimination was 

performed with the ABI PRISM® 7900HT SDS and the SDS 2.2.1 program (Applied 

Biosystems).  

3.6 DATA AND STATISTICAL ANALYSIS (STUDY II-IV) 
The relationship between allele frequencies and genotype frequencies was tested for 

each successful SNP in accordance with Hardy and Weinberg. If the observed genotype 

frequency differs from the predicted, a deviation from Hardy Weinberg equilibrium 

(HWE) is said to exist. Estimation of HWE is a standard procedure used in genetic 

studies as a deviation may indicate a technical problem with the genotyping assay. 

Testing was performed by using a chi-square test as implemented in the zGenStat 1.128 

software (H. Zazzi, unpublished), with a cut-off value of p>0.001. The same software 

was also used to remove genotypes that were inconsistent with the genotypes found in 

the pedigree. 

Association was tested either by the transmission disequilibrium test (TDT) in the 

TRANSMIT program [114] or by the pedigree disequilibrium test (PDT) in the 

Unphased program [115]. In addition, odds ratio (OR) estimates including 95% 

confidence interval was calculated in the Unphased program. The OR for minor alleles 

was estimated relative to the major allele and the OR for haplotypes relative to all the 

other haplotypes combined.  

LD between polymorphisms in the studied regions was calculated and visualized using 

the Haploview program [113]. 

Correction for multiple testing was performed in the genetic association studies by 

using a permutation test in the Unphased program. This is performed to test whether the 

observed association is likely to occur by chance and designed to take into count the 

number of test performed in the genetic study. The more tests that are performed, the 
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more likely you are to find an association by chance. This test is performed by 

randomizing the transmission status and holding the haplotypes fixed in the material. 

The proportion of 10,000 permutations where a stronger association is found than in the 

actual data provides the so called empirical p-value for association after correction for 

multiple testing.  
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4 RESULTS AND DISCUSSION 
The studies in this thesis have been aimed at identifying new factors related to the 

barrier dysfunction seen in eczema patients. Barrier dysfunction may be viewed as 

being composed of at least two factors. One is the reduced capacity of the epidermal 

keratinocytes to form a functional physical barrier, and the other is dysregulated 

immune signaling in the epidermis. Studies II-IV are primarily candidate gene studies 

were we have tested a set of genes (CRNN, FLG, TGM1) that are located in 

chromosomal regions previously been linked to eczema development. The expression 

and function of these genes are connected to the epidermal differentiation of 

keratinocytes in the epidermis and we therefore hypothesized that genetic variability at 

these loci might play a role in the dysfunction of the physical barrier. 

In study I we instead focused on the event that follows after the penetration of an 

allergen through the physical barrier. Eczema skin contains increased numbers of 

dendritic cells (both Langerhans cells and IDECs) carrying the high affinity receptor for 

IgE. Given the key role for DCs in initiating and shaping immune response, we 

therefore wanted to test whether DCs from eczema patients respond differently to 

allergen stimulation compared DCs from healthy individuals. If so, this could be one of 

the factors that explain the dysregulated immunological response found in these 

patients.  

4.1 MALASSEZIA SYMPODIALIS STIMULATION DIFFERENTLY 
AFFECTS GENE EXPRESSION IN DENDRITIC CELLS FROM ATOPIC 
DERMATITIS PATIENTS AND HEALTHY INDIVIDUALS (STUDY I) 

Monocyte-derived dendritic cells were cultivated from four atopic eczema patients with 

specific IgE reactivity to the allergenic M. sympodialis and three healthy controls. After 

stimulation with M. sympodialis, gene expression in DCs was analyzed with cDNA 

arrays containing 406 (immunology/haematology related) genes. 

The main finding of the study was the identification of six genes that were more than 

fivefold up regulated after M. sympodialis stimulation in DCs from at least two patients 

(table 4). The genes were; B-cell translocation gene 1 (BTG1), macrophage-derived 

chemokine (MDC), IL-8, Intercellular adhesion molecule (ICAM)-1/CD54, CD83, and 

the IL-1 receptor antagonist (IL-1RA). DCs from healthy individuals in most cases 

showed a less pronounced response and only the BTG1 gene was more than fivefold up 

regulated in two individuals. 
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Gene  HC1 HC2 HC3 AE1 AE2 AE3 AE4

BTG-1  +1,3 +7,0 +15,0  +6,2 +4,3 +21 +22 

MDC  +3,6 +4,2 +8,3  - +1,0 +24 +46 

IL-8  +2,9 +2,1 +13  +24 +2,0 +9,5 +60 

ICAM-1  +2,4 +2,5 +3,9  +5,5 +7,0 +5,5 +6,2 

CD83  +2,5 +2,5 +5,8  +2,9 +3,6 +6,2 +12 

IL-1RA  +1,2 +2,3 +1,8  +2,0 +1,7 +6,9 +9,6 

Table 4. Up-regulated (fold change) genes in DCs from healthy controls (HC) and atopic 

eczema patients after M. sympodialis stimulation compared to unstimulated cells. Patient 3 and 

4 showed the highest scores of clinical severity (SCORAD) and also had a more pronounced 

response in the APT and a slightly stronger reaction in the SPT with extract from M.

sympodialis.

There was also a tendency that these genes were more up regulated in atopic eczema 

patients that had a more severe eczema as assessed by the SCORAD index [116] and to 

some extent this was also correlated to a more pronounced response towards M. 

sympodialis in the atopy patch test (APT) and the skin prick test (SPT) [117]. However, 

the individual variation was great and larger study material would be needed to perform 

a correlation analysis. IL-8 and MDC are chemokines produced by DCs and other 

peripheral blood mononuclear cells. Collectively they attract a number of cells 

including neutrophils, CD45RA+ and CD45RO+ T cells, other DCs, NK cells, 

activated T cells (predominantly Th2 cells) and CD4+CD25+ T cells with regulatory 

activity [118, 119].  

ICAM-1 and CD83 are adhesion molecules. ICAM-1 is a known facilitator in the 

recruitment of inflammatory cells from the circulation into the skin [120], On DCs, 

CD83 is up regulated together with MHC and the costimulatory molecules CD80 and 

CD86 [121]. The engagement of the CD83 ligand (CD83L) on activated T cells 

significantly amplifies the number of antigen-specific CD8+ T cells [122]. 

IL-1RA is the counterpart of IL-1, a cytokine that has been shown to be of major 

importance for DC activation. It is probable that our detection of IL-1RA is a sign of 

earlier IL-1 production. Studies indicate that the balance between IL-1 and IL-1RA is 

important in influencing the response to pathogens and it has been suggested that the 

IL-1RA molecule may play an important role in limiting organ damage subsequent to 

the host response to infection [123]. 
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The function of BTG1 is still largely unknown; it is known as a differentiation marker 

and may have a role in cell migration, proliferation and apoptosis [124, 125]. 

Overall, our results therefore indicate a potentially stronger stimulatory capacity of DCs 

derived from atopic eczema patients compared to healthy controls. 

In some cases this enhanced capacity also appeared to be correlated to the clinical 

severity and the reactivity towards M. sympodialis. This is in agreement with several 

other studies showing a higher expression of a number of proinflammatory mediators, 

including most of the mediators identified in this study, in eczema patients with severe 

disease.  

The mechanism responsible for this effect in our study may be related to a difference in 

the ability of DCs to take up M. sympodialis or in the maturation process that follows. 

In our experiments we added 5% autologous serum at the same time as M. sympodialis.

The serum potentially contains IgG subclasses, IgE and other factors that may facilitate 

antigen uptake and stimulate the cells. It was recently shown that keratinocyte infection 

with M. furfur (another Malassezia species) leads to an up regulation of IL-8 and that 

this effect was mediated via TLR2 [126]. Furthermore myeloid DCs have been shown 

to express TLR2, and TLR signalling may therefore at least in part be mediating the 

response of DCs to yeast [127, 128].  

In conclusion, our results suggest a diverse response among the M. sympodialis allergic 

individuals, where some patients have an exaggerated inflammatory response towards 

the yeast on the DC level. This suggests that defects in DC regulation and responses 

might be of importance in the pathogenesis of eczema. 

4.2 CORNULIN, A MARKER OF LATE EPIDERMAL DIFFERENTIATION, 
IS DOWN REGULATED IN ECZEMA (STUDY II) 

In this study we used a mouse model for eczema as a first step screening step to 

identify differentially expressed genes in the skin. Mice were repeatedly patched with 

the Der p2 allergen (see material and methods section for further details) to induce a 

eczema like phenotype and a separate group was patched with PBS as controls. Der p 2 

treated mice presented features such as hyperplasia of the epidermal and dermal layer, 

with infiltration of inflammatory cells (mainly lymphocytes and eosinophils) and 

spongiosis. In addition to pathology related alterations in the skin, Der p 2 specific IgE, 

IgG1 and IgG2a progressively increased in the serum of sensitized mice during the 

protocol period, while no increase was observed in control animals. Furthermore, 

splenic T cell cytokine profiles were also altered in allergen treated mice with 
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significantly higher production of IL-4, IL-5, IL-9, IL-10 and IL-13 compared to 

control mice, while no difference was observed for IFN- .

Collectively, these changes in Der p 2 treated mice suggest not only eczema-like 

features at the level of the skin but also a predominantly Th2 skewed systemic response 

commonly seen in eczema patients. This mouse model may therefore represent a useful 

tool in the study of eczema. 

Identification of differentially expressed genes in the skin of Der p 2 patched mice 

compared to PBS controls.  

As a first step we used the SSH method to identify differentially expressed sequences in 

the mouse model. This analysis was performed on two pools of cDNA (Der p 2 treated 

vs. PBS treated). BLAST and BLAT databank search tools were then used to identify 

163 genes from the SSH clone libraries (Up-/Down-regulated). Additional in silico

analysis was carried out on genes of unknown function for functional predictions. From 

this data set we confirmed a number of genes by Real Time PCR but most striking was 

the down regulation of the cornulin gene (CRNN) gene in Der p2 patched animals 

compared to controls (figure 5). 
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Figure 5. Cornulin mRNA expression in skin from mice patched with Der p 2 and PBS controls.

Expression of the crnn gene was analyzed by Real Time PCR in Der p 2 patched skin 

compared to PBS controls. The data is presented as median values and the 1st and 3rd quartile 

are shown by error bars. 

The CRNN gene maps in the EDC region on chromosome 1 and as mentioned in the 

thesis introduction this cluster of genes have previously been linked to eczema 

susceptibility [57]. Furthermore, a recent microarray study suggest that the members of 
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this complex may represent the major dysregulated transcripts found in the skin of 

eczema patients [92]. 

We therefore regarded the CRNN gene as a potential candidate gene in eczema and set 

out to study the expression of this gene in eczema patients and to test whether genetic 

variation at the CRNN locus might have an impact on eczema susceptibility.  

Analysis of CRNN mRNA expression in the skin of eczema patients  

The transcriptional level of CRNN was analyzed in skin biopsies from eczema patients 

(both non-lesional and lesional areas) and healthy controls. As previously observed in 

the mouse model, CRNN mRNA expression was reduced in the eczematous skin, with 

the majority of patients showing a 2 fold reduction or more in lesional areas compared 

to non-lesional (figure 6). There was also a significantly lower expression in lesional 

skin compared to the skin from healthy individuals.
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Figure 6. Analysis of CRNN mRNA expression in the skin of eczema patients and healthy 

controls by Real Time PCR. Horizontal bars represent median values in each group. 

Test of genetic association between the CRNN gene and eczema  

Six haplotype tagging SNPs in the CRNN gene region were genotyped in an eczema 

family material consisting of 406 pedigrees. The TDT analysis revealed one SNP, 

rs941934, that was significantly associated with atopic eczema (table 1 in paper II), 

with the minor allele (A) being over-transmitted in this group of patients.  

Analysis of LD between the SNPs in the family material revealed the six SNPs to be 

contained within a single LD block. Association analysis of the haplotypes identified 

one haplotype, CCATAT, tagged by rs941934, that was associated with atopic eczema 

(table 5), over-transmitted in this group of patients. 
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 Haplotypes     

rs10494275 

rs4845766 

rs941934 

rs4240877 

rs1923492 

rs1923493 

Eczema Atopic eczema Non-atopic eczema 

      HF1 N2 %3 P N % P N % P 

T C G C G G 0.067 131 50.9 0.74 89 53.2 0.35 40 45.6 0.36 

C A G C G T 0.634 1144 49.8 0.65 712 49.3 0.35 422 50.7 0.43 

C C G T A T 0.076 130 47.9 0.43 84 47.2 0.41 45 49.1 0.85 

C C A T A T 0.137 266 53.6 0.04 170 56.7 0.004 91 48.1 0.51 

C C G C G G 0.086 146 47.2 0.25 88 44.3 0.07 56 52.4 0.56 

Table 5. Association of CRNN haplotypes with eczema, atopic eczema and non-atopic eczema 

in a Swedish family material.1Haplotype Frequency (HF) in the whole material. 2Number of 

transmissions (N). 3Transmission frequency. 

While this study was being performed Palmer et al [66] identified two variants, R510X 

and 2282del4, in the EDC gene FLG as major susceptibility factors in eczema. Given 

the relatively short distance (~100 kilobases) between the CRNN SNP rs941934 and the 

two variants, and the need to confirm the findings by Palmer et al, we decided to 

investigate this variants and the LD with CRNN in the eczema family material. The 

complete results of the FLG analysis is presented in study III.

Analysis of LD revealed a D’ value of 0.86 and a R2 value of 0.26 between CRNN SNP 

rs941934 and the 2282del4 variant in the FLG gene. Including the FLG variants in the 

haplotype analysis (table 6), showed that the 2282del4 alleles splits the associated 

CRNN haplotype into two different haplotypes, both tagged by the minor allele (A) for 

the rs941934 SNP. However, of these two haplotypes, only the haplotype carrying the 

risk associated 2282del4 (Del) deletion variant was significantly associated in the 

material. The haplotype tagged by the FLG R501X (T) variant was also significantly 

associated with atopic eczema (table 6). 
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 Haplotypes     

rs10494275 

rs4845766 

rs941934 

rs4240877 

rs1923492 

rs1923493 

FLG
_D

EL4 

FLG
_501X 

Eczema Atopic eczema Non-atopic eczema 

        HF1 N2 %3 P N % P N % P 

T C G C G G WT C 0.067 122 52.1 0.47 85 54.0 0.27 36 47.8 0.67 

C A G C G T WT C 0.606 980 49.1 0.17 623 48.4 0.06 350 50.6 0.58 

C A G C G T WT T 0.022 54 72.4 4.8 X 10-6 40 76.8 1.1 X 10-5 14 61.9 0.19 

C C G T A T WT C 0.077 121 48.7 0.65 79 47.9 0.56 41 50.1 0.99 

C C A T A T WT4 C 0.086 132 47.5 0.34 75 48.3 0.62 54 45.5 0.27 

C C A T A T Del4 C 0.046 96 61.3 0.002 74 66.6 0.0002 21 48.6 0.85 

C C G C G G WT C 0.084 129 46.2 0.15 79 43.4 0.05 47 51.5 0.75 

Table 6. Genetic association of CRNN-FLG haplotypes with eczema, atopic eczema and non-

atopic eczema in a Swedish family material. 1Haplotype Frequency (HF) in the whole material. 
2Number of transmissions (N). 3Transmission frequency (%). 4Wild type abbreviated WT and 

deletion abbreviated Del for the FLG 2282del4 variant in haplotype presentation. 

We cannot therefore exclude the possibility that the observed association between 

genetic variation at the CRNN locus and eczema could be due to LD with the 2282del4 

variant in the FLG gene.  

CRNN is a recently identified member of the fused gene family (other members are e.g. 

trichohyalin, hornerin, and FLG) in the EDC region which combines functional calcium 

binding EF-hand domains at the N-terminus followed by tandem peptide repeats [129, 

130]. CRNN is a marker of late epidermal differentiation [129] and some studies have 

provided data that suggest that cornulin is up regulated during, and might play a role in, 

stress response in squameous epithelium [131-134]. Darragh et al [131] showed that 

transfected cornulin can attenuate increases in intracellular free calcium and 

deoxycholic acid-induced apoptotic cell death in H1299 cells. However, the mechanism 

whereby cornulin may function as a survival factor has not been defined. Eczematous 

skin is characterized by increased keratinocyte proliferation, impaired differentiation 

and increased apoptosis of keratinocytes [34, 135-137]. The reduced expression of 

CRNN found in our study could therefore be a part of the pathogenetic mechanism 

behind the barrier dysfunction seen in eczema. Reduced transcript levels of other 
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cornified envelope genes, e.g. FLG and loricrin, has also been found [92, 138] in 

eczema and factors regulating their expression could therefore represent interesting 

candidates in eczema pathogenesis.  

4.3 LOSS-OF-FUNCTION VARIANTS OF THE FILAGGRIN GENE ARE 
ASSOCIATED WITH ATOPIC ECZEMA AND ASSOCIATED 
PHENOTYPES IN SWEDISH FAMILIES (STUDY III) 

Recently published studies on the EDC member FLG have identified two common 

loss-of-function variants, R501X and 2282del4, in this gene as causative factors in 

ichthyosis vulgaris and as major predisposing factors in the development of eczema and 

asthma in eczema patients [66, 139]. 

In this study we set out to confirm and extend on the role of these variants in eczema 

susceptibility using the Swedish eczema family material. The results of the PDT 

analysis in the families is presented in table 7. Both R501X and 2282del4 were highly 

over-transmitted to the eczema affected siblings. Dividing the siblings into atopic and 

non-atopic eczema subgroups, the atopic group showed an OR of 2.21 (1.50-3.25) for 

the combined allele (p=9.5 ×10-8). In the non-atopic eczema group, there was no 

association with the two FLG variants.   

R501X 2282del4 Combined 

Trait OR P OR P OR P

Eczema 2.68 
(1.34-5.33) 

1.5 X 10-5 1.85 
(1.24-2.76) 

2.9 X 10-5 1.81
(1.31-2.50) 

1.3 X 10-6

Atopic eczema 4.33 
(1.88-9.94) 

2.6 X 10-7 2.22 
(1.41-3.47) 

4.1 X 10-6 2.21
(1.50-3.25) 

9.5 X 10-8

Non-atopic eczema 2.07 
(0.78-5.47) 

NS 0.99 
(0.54-1.80) 

NS  1.07 
(0.62-1.84) 

NS

Early onset 4.37 
(1.79-10.64) 

2.8 X 10-7 2.14 
(1.41-3.23) 

4.2 X 10-5  2.09 
(1.46-2.97) 

1.2 X 10-6 

Severe eczema 5.29 
(3.32-8.84) 

1.3 X 10-12  6.34 
(1.90-21.2) 

1.5 X 10-7  4.73 
(1.98-11.29) 

3.6 X 10-8 

Allergic asthma 3.94 
(1.12-13.87) 

8.4 X 10-6 3.85 
(1.97-7.51) 

2.4 X 10-7 3.58
(1.99-6.42) 

6.5 X 10-9

Allergic 
rhinoconjunctivitis 

5.07 
(1.47-17.46) 

2.7 X 10-12 1.97 
(1.28-3.03) 

7.8 X 10-5 2.03
(1.39-2.97) 

7.0 X 10-7

Raised total IgE 4.33 
(1.26-14.81) 

8.8 X 10-6 1.85 
(1.14-2.98) 

0.0066 1.93
(1.24-2.99) 

0.00054 

Table 7. Results of PDT for filaggrin variants in the Swedish eczema families. OR, Odds ratio of 

minor allele relative to major allele, 95% confidence intervals in brackets. NS, Non-significant. 
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The FLG variants were even more over-transmitted to affected siblings in the severe 

eczema phenotype, where the combined allele showed an OR of 4.73 (1.98-11.29) with 

p=3.6×10-8. The effect of the FLG variants on the severity of the eczema and associated 

phenotypes was further illustrated by a correlation between the FLG genotypes with the 

frequency of the phenotypes. As shown in figure 7, there was an increase in the 

frequency of most of the eczema associated phenotypes in the heterozygotes compared 

to wildtype, and in the homozygotes compared to the heterozygotes. This pattern was 

most evident when looking at the frequency of the severe eczema phenotype, and our 

results may therefore support the hypothesis that individuals with eczema who carry 

FLG variants could be more likely to suffer from a severe disease. 
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Figure 7. Filaggrin genotype and correlation to phenotype frequencies with 95% confidence 

intervals in eczema-affected siblings. For this analysis, one sibling from each family was 

randomly selected. The frequency of the genotypes was, wildtype=313, either heterozygote=67 

and homozygotes (or compound heterozygote)=6. 

In addition to the analysis of association with eczema, we analyzed associated 

phenotypes in the eczema families. Association was found for increased total IgE, 

allergic asthma and allergic rhinoconjunctivitis, with the most significant result found 

for the R501X variant in allergic rhinoconjunctivitis, p=2.7×10-12, OR 5.07 (1.47-

17.46). However, other studies have shown that there is no association with either 

asthma or rhinoconjunctivitis when eczema affected individuals are excluded from the 

study populations [66, 93, 140]. Larger cohorts ascertained outside the context of 
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eczema are needed to resolve the role of FLG variants in the pathogenesis of these 

phenotypes.  

4.4 INCREASED EXPRESSION AND GENETIC ASSOCIATION LINKS 
THE TGM1 GENE TO ATOPIC ECZEMA (STUDY IV) 

The TGM1 gene encodes the TGase 1 enzyme which is an essential component in the 

formation of a functional epidermal barrier [29, 141]. Mutations in the TGM1 gene 

have been associated with autosomal recessive lamellar ichthyosis (OMIM#242300) 

and non-bullous congenital ichthyosiform erythroderma (OMIM#242100), both skin 

disorders that are characterized by severe epidermal abnormalities. Furthermore, tgm1

null mice show impaired barrier function and die at birth [142].  

Given these findings, and the fact that the TGM1 gene is located in a chromosomal 

region which has previously been linked to eczema [60], we set out to study the 

expression of this gene in eczema patients and to test whether genetic variation at the 

TGM1 locus influences the susceptibility to eczema.

We first analyzed the mRNA expression of the TGM1 gene and found significantly 

higher expression in lesional and non-lesional skin from atopic eczema patients as 

compared to healthy individuals (figure 8). 
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Figure 8. TGM1 mRNA levels in atopic eczema patients and healthy controls. Horizontal bars 

represent the group median. 

IHC analysis was then used to study the expression of the TGase 1 protein and we 

found a markedly increased TGase 1 expression in lesional skin, and although less 

evident, there also appeared to be an increase in non-lesional skin from atopic eczema 

patients compared to healthy control skin. We therefore conclude that an increased 



36

expression of the TGM1 gene in lesional skin from atopic eczema patients is part of the 

dysregulated expression pattern found in skin of these patients. Increased TGM1

expression has also been found in the skin of psoriasis patients [143], and may 

therefore be a reflection of the increased epidermal turn-over found in this diseases. 

One may speculate that the increased expression of TGM1 could be a part of the 

pathogenetic mechanism in these diseases or a part of a compensatory mechanism 

aimed at restoring the epidermal barrier. However, further studies are needed to resolve 

this issue.   

In the genetic association study the Swedish family material was genotyped for eight 

SNPs covering the TGM1 locus. One SNP in the 5’ region, rs941505, was significantly 

associated with atopic eczema, p=0.003 (paper IV, table I). Accordingly, in the 

haplotype analysis we found a significant association (p=0.005) for the CCTG

haplotype (see table 8), tagged by the minor allele of rs941505 (T), in LD block 2 of 

the gene. 

Haplotypes     

rs2748516 
rs2273301 
rs941505 
rs729421 

Eczema Atopic eczema Non-atopic eczema 

Block 2 HF OR P OR P OR P 

C C A A 0.564 1.14 

(0.97-1.34)

0.09 1.22 

(1.01-1.47)

0.03 

(NS) 

0.97 

(0.73-1.27)

0.81 

C C A G 0.212 0.92 

(0.77-1.11)

0.37 0.96 

(0.76-1.20)

0.70 0.90 

(0.67-1.19)

0.44 

C C T G 0.096 0.83 

(0.82-1.07)

0.16 0.61 

(0.42-0.87)

0.005

(0.03)

1.23 

(0.80-1.89)

0.36 

C T A G 0.061 0.94 

(0.68-1.29)

0.71 0.86 

(0.57-1.28)

0.45 1.20 

(0.74-1.94)

0.44 

T C A A 0.057 1.00 

(0.72-1.37)

1 0.98 

(0.66-1.43)

0.90 0.99 

(0.56-1.73)

0.96 

Table 8. Results of Pedigree Disequilibrium Test for the inferred TGM1 haplotypes in the 

Swedish eczema families.1Haplotype Frequency (HF) in the whole material. 2Odds ratio (OR) of 

haplotype relative to all the other haplotypes together, 95% confidence intervals in brackets. 

Permutated p-values given within brackets, NS = non-significant. 

The CCTG haplotype were under-transmitted to offspring with atopic eczema 

indicating that carrying this haplotype could protect (OR 0.61 (0.42-0.87) against 
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developing atopic eczema. The TGM1 SNP rs941505 is positioned in a evolutionary 

conserved part of the predicted promoter region [144] and in silico analysis suggest that 

this SNP alters putative binding site of transcription factors overlapping this position 

[144]. However, several putative SNPs map in the promoter region and additional may 

exist. Further studies will be needed to determine the actual disease causing variant in 

this region.  
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5 CONCLUDING REMARKS 
The work presented in this thesis has been aimed at identifying new factor involved in 

eczema barrier dysfunction. Figure 9 provides a schematic overview of the main factors 

believed to be involved in barrier dysfunction together with some of those investigated 

in our studies.  

We identified a higher expression of the TGM1 gene in eczema patients compared to 

healthy controls and our results suggest that genetic variability at this locus plays a role 

in eczema susceptibility. The variation at the TGM1 locus is associated with atopic 

eczema while no association was seen with nonatopic eczema. Similar patterns were 

observed for the FLG variants and in the CRNN study. This implies that barrier 

dysfunction determined by variants at these loci may lead to increased penetration of 

allergen and thereby increase the risk of sensitization. However, the subdivision of 

eczema into atopic and nonatopic has been questioned and further studies are clearly 

needed to delineate this complex disease. Sequencing of the TGM1 region is now 

planned in an effort to identify variants that might provide additional information about 

the association. Independent sets of patients and controls will also be analyzed to 

confirm the association. Furthermore, since the filaggrin protein and TGase 1 enzyme 

play key roles in the process leading to the formation of the cornified envelope it would 

also be interesting to test the combinatory effect of different genotypes at these loci and 

other loci involved in the same process. The role of CRNN and other genes in the EDC 

region in eczema needs to be studied further. It is likely that the study of genetic 

variation in this region may yield additional clues in eczema pathogenesis. However, 

due to the extensive LD in the region, this might represent a particularly challenging 

task to elucidate. The function of CRNN is poorly understood. One might hypothesize 

that the reduced expression found in the skin of eczema patients could be linked to the 

increased apoptosis of keratinocytes and it would therefore be interesting to correlate 

the expression to known markers of apoptosis. Furthermore, the production of 

transgenic mice where the expression could be correlated to phenotypic changes would 

also be a valuable tool.    

Overall, our results support the notion that genetically determined dysfunction of the 

physical barrier in the epidermis is an important factor in eczema. Allergen penetration, 

determined by genetic or environmental factors, through the upper layer of the 

epidermis will lead to the production of primary cytokines from keratinocytes that help 

to activate the immunocompetent cells in the epidermis. As suggested by our model 
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system, antigen presenting DCs in eczema patients may respond differently to allergen 

stimulation compared to DCs from healthy individuals. The response seen in some of 

the patients, e.g. a high production of IL-8 and MDC, will increase the influx of T cells 

and other inflammatory cells from the circulation and could thereby exaggerate the 

inflammation.  

Genetic factors:
FLG, SCCE, COL29A1,TGM1?

IL-8
MDC
CCL2
CCL17

GM-CSF
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IL-1

CCL27
IL-18
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S100A8
etc…

Figure 9. Schematic overview of some of the factors involved in barrier dysfunction in eczema.

Modified from Maintz et al [103]. Abbreviations: AMP = antimicrobial peptides; CCL = 

chemotactic cytokine ligand; Eo = Eosinophils; IDEC = inflammatory dendritic epidermal cells; 

IL = Interleukin; IFN = Interferon; KCs = Keratinocytes; LC = Langerhans cells; MC = Mast cells. 

Some of the genes and gene products investigated in this thesis are highlighted in red. 

With the recent development of new technologies, such as whole-genome association 

studies and microarrays, we should now be able to expand on our knowledge in eczema 

pathogenesis. Correlating whole-genome expression data with whole-genome SNP 

association studies in the same study materials should assist in the identification of both 

new candidate genes and contributory disease pathways. Ultimately, an improved 

understanding of the genetic basis of eczema is likely to assist with a better subdivision 

of this complex disease and will hopefully lead to the development of novel effective 

treatment options. 
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