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ABSTRACT
Psoriasis is a common inflammatory skin disease affecting approximately 2% of the
population in Sweden. Psoriasis displays clinical heterogeneity leading to several different
types of manifestations, among them chronic plaque and acute guttate psoriasis. Psoriasis is
genetically determined with influence from multiple susceptibility loci identified in several
linkage studies. The psoriasis susceptibility (PSORS) locus with the strongest association to
psoriasis is PSORS1 on chromosome 6p21.3, which contains the human leukocyte antigen
genes. This association is explained by the overrepresentation of psoriasis patients carrying
HLA-Cw*0602. Other loci are known to contribute to psoriasis but their corresponding
susceptibility genes and precise pathogenic mechanisms are as yet unknown. As a complex
phenomenon, psoriasis is likely the result from interactions between environmental factors
and single gene products or molecular networks.
The aims of this work were to compare the global protein expression patterns
between skin from individuals with guttate and plaque psoriasis phenotypes, normal healthy
skin, and acute contact eczema as an additional inflammatory skin disorder, and to
investigate the specific protein expression of HLA-C. In addition, the relationship between
HLA-C and HLA-E at the genetic level and functional consequences of such genotypes were
investigated.
Protein expression patterns in skin from well-defined phenotypes of acute guttate
and chronic plaque psoriasis, as well as from nickel induced contact eczema, were compared
by two-dimensional gel electrophoresis. Four sets of differentially expressed protein spots
allowed the classification of samples into clusters that correlated with the initial clinical
categorization of the patients. In this cluster analysis lesional plaque psoriasis samples were
clearly separated from the other phenotypes and lesional guttate psoriasis clustered closer
to lesional contact eczema than the lesional plaque psoriasis samples, likely reflecting the
acute character of the inflammatory reaction in these conditions. From all protein sets a
total of 96 protein spots were identified by mass spectrometry, which belonged into many
different pathways.
The expression pattern of HLA-C was investigated in skin lesions of patients with
guttate or plaque psoriasis, and acute nickel contact eczema by immunohistochemistry and
Western blot. The immunostaining showed that the site of expression in skin was different
between the sample groups. The most prominent feature of the HLA-C staining pattern was
that in lesional plaque psoriasis the expression level was low in the epidermis with
polarization towards the basement membrane. Lesional eczema and normal skin showed
staining throughout the epidermis. By Western blot analysis, the level of HLA-C expression
was significantly higher in lesional eczema skin compared with the other sample groups,
except for lesional plaque psoriasis that showed slightly elevated expression level.
Reduced expression of HLA-C in psoriasis epithelium might contribute to
maintaining inflammation due to inefficient downregulation of activated lymphocytes. The
distinct HLA-C expression patterns in psoriasis and eczema suggest a functional role in the
specific psoriasis immune response and not only a general feature of inflammation.
Among Cw6 positive individuals, HLA-EG (high binding affinity) was five times less
prevalent in patients. We also observed a similar expression pattern between HLA-E and
HLA-C in psoriasis skin. In a subset of genotype-matched patients and controls, we also
found, higher sHLA levels in patients, decreased HLA class I expression on lymphoblastoid
cells after IFN-α stimulation, increased killing of LCL-Cw6 compared to K562 cells, lower
cytotoxicity levels against K562 cells in Cw6/ER (low binding affinity) positive patients than in
controls with the same genotype, streptococcal extract stimulated cytotoxic activity against
K562 cells in both patients and controls. Taken together, the results of this study indicate
that genotypes at the HLA-C and E loci influence immune factors and functions in psoriasis.
Keywords: complex disease, psoriasis, proteomics, human leukocyte antigen C (HLA-C), major
histocompatibility complex, 2D PAGE, inflammation, skin disease
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Introduction
The skin
The skin is the body’s largest organ. It forms a physical barrier against the
environment,

protecting

against

foreign

substances

and

microorganisms,

maintaining water balance and regulating body temperature. The epidermis is the
uppermost compartment of the skin, separated from the underlying dermis by the
basement membrane (Fig 1). The epidermis is mainly composed of keratinocytes,
which are constantly renewed by proliferating cells in the basal layer with a
proliferation rate that is carefully balanced by desquamation from the skin surface.
During migration towards the surface, keratinocytes go through a tightly controlled
process of differentiation, which results in the formation of the cornified envelope.
The main structural proteins synthesized in the basal layer, are keratins 5 and 14,
forming keratin filaments. Upon migration from the basal layer, keratinocytes
produce a different set of structural proteins and specific enzymes characteristic of
every step in the differentiation process. In differentiating keratinocytes, the preexisting keratins are replaced by keratins 1 and 10, and the cells also produce
granules containing profilaggrin (Tobin, 2006). The flattened shape of the terminally
differentiatied corneocyte is promoted by the aggregation of keratin filaments into
bundles by filaggrin, forming the cornified envelope just beneath the plasma
membrane. The envelope is further reinforced by the structural proteins loricrin,
involucrin, trichohyalin and small proline-rich proteins, and by ceramides, crosslinking to the keratin filaments (Candi et al., 2005; Steinert and Marekov, 1995;
Steven and Steinert, 1994). The corneocytes are tightly linked to each other by
corneodesmosomes, which are later proteolytically cleaved to allow desquamation
from the skin surface (Serre et al., 1991). The process from basal layer to
desquamation at the skin surface takes approximately 30 days in normal skin.
The underlying dermis is predominantly composed of connective tissue matrix,
consisting of collagen and elastin fibres, providing a strong foundation onto which
the epidermis is attached. It is also a highly vascularized compartment, supplying the
avascular epidermis with nutrients and oxygen, and coordinating the traffic of
leukocytes to and from the skin (Spellberg, 2000). Numerous nerve fibres run
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through the dermis towards the basement membrane and a network of free sensory
nerve endings and receptors penetrate the upper part of dermis and the epidermis.
Dermal fibroblasts produce the fibre matrix as well as cytokines and growth factors
for keratinocytes and leukocytes (Werner et al., 1992).

Figure 1. The structures of normal skin.

Skin immunology
There are two cooperative pathways of the immune system that can be
mobilized to eliminate foreign antigens, or protect from infectious agents or tumour
cells. The innate immune response is fast and acts as a first line of defence against
common microorganisms, but has a limited repertoire of receptors. Macrophages,
neutrophils, dendritic cells (Langerhans cells) and natural killer cells are all part of
the innate immune system. These cells are able to battle a wide range of pathogens
without the need of prior antigen exposure. The acquired immune response takes
longer time to develop, but has a large repertoire of receptors created by random
genetic rearrangement, and can develop long lasting memory. B and T lymphocytes
are part of the acquired immune system (Janeway et al., 2005).

Phagocytic cells
A network of phagocytic cells (Langerhans cells and dermal dendritic cells) is
present in skin, acting as sentinels that survey the tissue for invading
microorganisms. These cells carry surface receptors able to recognise common
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elements of many bacterial surfaces, allowing them to identify and ingest invading
microorganisms by phagocytosis. When a pathogen is ingested the cells migrate to
regional lymph nodes, where they present the processed antigens to the adaptive
immune system, resulting in differentiation and activation of antigen specific T or B
cells (Loser and Beissert, 2007). The phagocytic cells are also able to release
cytokines on site and chemokines in response to pathogen encounter, stimulating
extravasation and attracting circulating leukocytes to the site (Girardi, 2007).
Neutrophils are normally found in the circulation. However, during acute
inflammation, neutrophils leave the circulation and migrate toward the site of
inflammation as a response to cytokines interleukin (IL)-8 and interferon (IFN)-γ
(Strickland et al., 1997).

Keratinocytes
The keratinocytes take active part in the skin innate immune system and
release inflammatory cytokines (IL-1, TNF-α), chemokines and antimicrobial peptides
in response to a disturbed skin barrier. This action attracts immune cells and initiate
an immune response or inflammation in the skin in response to injury (Robert and
Kupper, 1999).

Natural killer cells
NK cells are important in the early defense against viral infections and
malignancies, before the adaptive immune responses have initiated a response. The
cells are able to act quickly in response to infected or transformed cells, either by
killing the affected cells or by releasing immunomodulatory cytokines and
chemokines such as IFN-γ (French and Yokoyama, 2004). Natural killer (NK) cells
express a number of inhibitory or activating receptors, including killer
immunoglobulin-like receptors (KIRs) that recognize self-major histocompatibility
complex (MHC) class I molecules. Cells lacking or displaying abnormal MHC class I
expression, for example during cellular transformation or viral infection, fail to
deliver inhibitory signals to NK/NK-T cells resulting in cytolytic activity (Parham,
2004a).
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T and B lymphocytes
Each T and B lymphocyte expresses its own unique antigen specific receptor,
generated by somatic gene-segment rearrangements during development. Upon
recognition and binding of specific antigen in combination with required
costimulatory signals, the cell will mature and differentiate into effector cells.
Effector T cells mainly fall into three functional categories depending on the type of
pathogen detected; CD8+ cytotoxic T cells able to detect and kill cells infected with
intracellular pathogens, and CD4+ T cells with T helper (TH)1 or TH2 effector type able
to fight extracellular or intracellular pathogens by macrophage activation,
stimulation of B cell antibody production, and cytokine production stimulating the
cytotoxic effects of CD8+ T cells and natural killer cells (Girardi, 2007). Homing of
activated T cells into skin is facilitated by expression of T cell cutaneous lymphocyte
antigen (CLA), a ligand for endothelial cell E-selectin which is upregulated at sites of
skin inflammation (Girardi, 2007).

Psoriasis
Psoriasis is a common inflammatory skin disease with a prevalence varying
between 0.1 and 3% in different parts of the world (Lebwohl et al., 2003; Lomholt,
1964). In the western world, the prevalence is 1.5 to 2% (Ananthakrishnan et al.,
1973). There are several different types of psoriasis, with variable morphology,
distribution, severity and course. Psoriasis lesions may be localized or widespread,
present as chronic and stable plaques, or display acute and rapid development with
extensive skin involvement (Langley et al., 2005). The disease may also involve the
joints with up to 40% of the patients developing arthritis (Gladman, 1994). The
disease may develop at any time in life and the age of onset varies between
patients. However, there are two distinct incidence peaks; one familial type of
psoriasis with onset before 40 years of age, and one with onset after 40 years of age,
commonly without family history of disease (Allen et al., 2005; Henseler and
Christophers, 1985; Swanbeck et al., 1995).

Clinical features
The two most common types of psoriasis are chronic plaque and acute guttate
psoriasis. In plaque psoriasis, which account for 90% of the psoriasis cases, lesions
are characterized by red inflammatory and white scaly plaques typically distributed
4

symmetrically on extensor surfaces and on the scalp (Griffiths et al., 2007), while
acute guttate psoriasis appears as a sudden spread of small red and scaly plaques
commonly located on the trunk (Naldi et al., 2001) (Fig 2). Guttate psoriasis is
frequently identified as the first manifestation of disease in young individuals and is
often preceded by a streptococcal throat infection. Patients with guttate psoriasis
may eventually develop plaque psoriasis (Martin et al., 1996) and acute guttate
flares can occur in patients with chronic plaque psoriasis. The phenotypes can coexist in the same individual. Other less prevalent but important phenotypes are
inverse psoriasis, erythrodermic psoriasis, with total involvement of the skin, and
palmoplantar pustulosis, displaying sterile pustules affecting palms and soles
(Langley et al., 2005).

Figure 2. Clinical appearance of plaque psoriasis (left) and guttate psoriasis (right).

Features of psoriasis skin
In the psoriasis skin, keratinocyte turnover is shortened from about 30 days in
normal skin, to about 4-5 days. In addition there is an infiltrate of inflammatory cells
consisting of several immune cell types. The increased keratinocyte proliferation
causes build-up of white scaly plaques and the inflammatory cells cause
inflammation and redness of the skin, characteristic features of a psoriatic lesion. In
addition, keratinocytes show an abnormal differentiation (parakeratosis) with
reduced expression of differentiation markers, such as keratins 1 and 10, filaggrin
and loricrin, and elevated expression of hyperproliferation markers keratins 6, 16
and 17 (Leigh et al., 1995). Epidermal thickness is markedly increased in the lesional
skin (acanthosis) and rete ridges are substantially elongated (Fig 3b), compared with
normal skin (Fig 3a), correlating with the ongoing inflammatory reaction in the
5

lesional skin showing accumulation of immune cells in dermis and epidermis. In
addition, dermal blood vessels become dilated and grow in the direction of the
dermal papillae (Braverman and Sibley, 1982). The inflammatory infiltrate in
psoriasis mainly consists of T cells, dendritic cells, neutrophils and monocytes. The T
cells infiltrating the epidermis are mainly CD8+, while CD4+ T cells are predominant
in the upper dermis (Austin et al., 1998; Paukkonen et al., 1992). Neutrophils are
present in foci in the stratum corneum, which is one of the histological features of
psoriasis (Murphy et al., 2007).

a

b

Figure 3. Histological features of normal and psoriasis skin. a) A section of normal
skin with dermis (light grey) and epidermis (dark grey). b) A section of plaque
psoriasis lesion, showing the elongated rete ridges, scaling and thickening of
epidermis.

Psoriasis pathogenesis
Psoriasis was initially considered a disease with a primary defect in
keratinocytes, due to the appearance of the skin lesion, with hyperproliferation and
dedifferentiation as the main histological feature of disease (Krueger et al., 1984).
However, there are now several observations indicating the involvement of the
immune system and T cells in psoriasis. For example, immunosuppressive and T cell
targeted therapy improve disease (Ellis and Krueger, 2001; Lebwohl et al., 2003;
Roenigk et al., 1972), and psoriasis can be induced in healthy skin from psoriasis
patients transplanted onto severe combined immunodeficiency (SCID) mice, by
transferring T cell clones from the same patient (Wrone-Smith and Nickoloff, 1996).
Still, keratinocytes are not regarded as bystanders in the psoriasis lesions. Recent
investigations have shown that mice with genetically altered epidermal phenotypes
may develop psoriasis-like skin lesions, for example as an effect of overexpressing
6

the transcription factor signal transducer and activation of transcription 3 in
keratinocytes, or induced deletion of transcription factors JunB and c-Jun in
keratinocytes (Sano et al., 2005; Zenz et al., 2005). Keratinocytes are also important
in sustaining and amplifying inflammatory responses through production of
cytokines and growth factors affecting lymphocyte recruitment and activation, for
example TNF-α, vascular endothelial growth factor, IL-1, IL-6, IL-15 and IL-18
(Albanesi et al., 2007; Lowes et al., 2007; Nickoloff et al., 2007).
The earliest histological event in lesion development is the accumulation of T
cells, monocytes and dendritic cells (DCs) around the dermal blood vessels (Ragaz
and Ackerman, 1979). Also, cytokines and chemokines produced by keratinocytes
may control the initial entry of T cells into the skin (Albanesi et al., 2007). The
activated T cells show a TH1 type cytokine profile, including TNF-α, IL-12, IL-8, and
IFN-γ, which is thought to be a key cytokine in driving the keratinocyte
hyperproliferation (Bata-Csorgo et al., 1995; Jackson et al., 1999). Natural killer T
cells and NK cells are also present in psoriasis lesions and may be an important
source of IFN-γ as well as other TH1 cytokines in the early initiation phase of lesion
formation (Cameron et al., 2002). Recently, an important role for IFN-α produced by
plasmacytoid dermal DCs in the initiation of psoriasis lesions has been proposed
(Nestle et al., 2005). The psoriasis plaque also contains mature DCs together with T
cells around the dermal blood vessels in a structure that is similar to DC-T cell
interactions in lymph nodes (Lew et al., 2004). These accumulations may function as
secondary lymphoid tissue in the skin, maintaining a cellular immune response in
psoriasis (Fig 4) (Bowcock and Krueger, 2005). At the stage of chronic plaque
psoriasis, there is a stable equilibrium in which the leukocyte infiltrates and the
epidermal hyperplasia are maintained, leading to disease persistence, if it is left
untreated (Bowcock and Krueger, 2005).
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Figure 4. Immune mechanisms behind a psoriatic lesion. One possible pathway for
lesion development involves triggering factors that may initiate an inflammatory
reaction and activation of immune cells in the skin. Production of cytokines and
chemokines leads to recruitment of circulating leukocytes further stimulating
keratinocyte proliferation, and perpetuating the skin inflammation.

Triggering factors
Several different environmental factors are known to trigger and exacerbate
psoriasis, including streptococcal throat infection (Gudjonsson et al., 2003b;
Henderson and Highet, 1988), psychological stress (Naldi et al., 2001), smoking,
alcohol (Higgins, 2000), skin trauma (the Koebner phenomenon) (Weiss et al., 2002)
and drugs such as beta-adrenergic antagonists, anti-malarials or lithium (Tsankov et
al., 2000).
Streptococcal infection is a known factor in psoriasis and its possible role in
lesion initiation has been investigated (Telfer et al., 1992; Whyte and Baughman,
1964). One postulated mechanism of T cell activation involves streptococcal
superantigens (Leung et al., 1995). Superantigens are microbial agents that activate
T cells polyclonally by binding T cell receptors (TCR) to human leukocyte antigen
(HLA) class II molecules without specific antigen being present (Kappler et al., 1989).
They also induce expression of CLA on activated T cells that promotes migration of T
cells into the skin (Leung et al., 1995).
Another possible mechanism for T cell activation following streptococcal
infection involves molecular mimicry (Valdimarsson et al., 1995). Infecting bacteria
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express proteins similar in structure or sequence to self-proteins, which could
induce cross-reactive immune responses against both pathogen and self antigens
(Albert and Inman, 1999). The streptococcal M protein and keratins 6 and 17
produced by keratinocytes have repetitive sequences that clear homology and that
are capable of activating T cells from psoriasis patients in vitro (Gudmundsdottir et
al., 1999; Sigmundsdottir et al., 1997). It is possible that molecular mimicry between
streptococcal M protein and keratins can induce a cross-reactive immune response
against skin antigens.

Therapy
Conventional treatment options for psoriasis include topical agents,
phototherapy and systemic therapy. Topical treatments are most widely used, and
some the most common agents are Vitamin D3 analogues and corticosteroids.
Vitamin D3 binds to vitamin D receptors and has been shown to reduce proliferation
and inhibit the abnormal differentiation of keratinocytes in psoriasis lesions (Jensen
et al., 1998). These agents can be combined with corticosteroids to improve the
treatment efficacy (van de Kerkhof et al., 2000). Corticosteroids act by inhibiting the
inflammatory, proliferative and immunologic responses in psoriasis (Hughes and
Rustin, 1997). Possible side effects of these treatments include skin irritation from
the Vitamin D3 analogues, and atrophy, striae, and telangiectasis from local
treatment with corticosteroids (Lebwohl, 2005). In phototherapy, ultraviolet B
(UVB), and ultraviolet A (UVA) combined with psoralen are used, and systemic
therapeutic agents include methotrexate and cyclosporine, as well as the newly
developed biological drugs (Lebwohl, 2005). Phototherapy results in inhibition of
keratinocyte proliferation and induction of apoptosis in T cells (Krueger et al., 1995).
The biological drugs are designed to treat psoriasis and psoriatic arthritis by
specifically targeting immune cells or disease-associated factors. Antibodies have
been designed to bind T cell surface antigen, preventing the activation and/or
migration of T cells into the skin, or to block the activity of pro-inflammatory
cytokines. Alefacept induces T cell apoptosis and activation (Krueger and Callis,
2003), efalizumab interrupts interactions important during T cell activation and
migration (Leonardi, 2003), and etanercept binds to TNF-α blocking its actions in
psoriasis pathogenesis (Leonardi et al., 2003). The major side effect observed with
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the biological drugs is an increased risk of infections. Efficacy of the different
therapies varies between patients and some may not respond to the treatment
actions described.

Genetics of psoriasis
It is well established that psoriasis is a multifactorial disease in which genetic
and environmental factors likely interact to cause disease. Factors such as
streptococcal infection (Gudjonsson et al., 2003b; Henderson and Highet, 1988),
stress (Naldi et al., 2001), skin trauma (Weiss et al., 2002) and drugs (Tsankov et al.,
2000) are known triggers of disease and are believed to interact with susceptibility
genes, leading to psoriasis. Family as well as twin studies indicate a strong genetic
component, with risk to first-degree relatives between 8 and 23% and concordance
in monozygotic twins being 65 to 70% (Brandrup et al., 1982; Farber et al., 1974).
Several loci on different chromosomes have been mapped and linked to psoriasis
susceptibility. These loci include psoriasis susceptibility locus (PSORS)1 on
chromosome 6p21.3 (Burden, 2000; Lee et al., 2000; Nair et al., 1997; Samuelsson et
al., 1999; Trembath et al., 1997; Veal et al., 2001), PSORS2 on 17q (Tomfohrde et al.,
1994), PSORS3 on 4q (Matthews et al., 1996), PSORS4 on 1cen-q21 (Capon et al.,
1999), PSORS5 on 3q21 (Enlund et al., 1999), PSORS6 on 19p (Lee et al., 2000),
PSORS7 on 1p (Veal et al., 2001), PSORS8 on 16q (Nair et al., 1997), PSORS9 on 4q31
(Zhang et al., 2002) and PSORS10 on 18p11.23 (Asumalahti et al., 2003). In addition,
at least 19 candidate loci have been identified in linkage studies (Elder et al., 1994a).
For example, a large-scale association study has recently identified the IL23 receptor
and IL12B as psoriasis susceptibility genes (Cargill et al., 2007). IL-12 induces IFN-γ
producing TH1 cells, and IL-23 stimulates development of a distinct subset of effector
T cells that produce interleukin-17 (THIL-17) mediating chronic inflammation
(Hunter, 2005). IL-12 and IL-23 have a common subunit, p40, that is currently under
investigation as a target of biological drugs (Kauffman et al., 2004).

PSORS 1
The only susceptibility locus that has been consistently associated with
psoriasis in different populations is PSORS1 located on chromosome 6p21.3 (Sagoo
et al., 2004), and a very strong case has recently been presented for HLA-C as the
susceptibility gene in PSORS1 (Nair et al., 2006). The PSORS1 region contains the
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MHC genes, having important functions in the immune system such as presenting
antigens to T cells and as an identification of self and non-self. There are many
documented associations between HLA molecules and disease. Initially, MHC class II
received a lot of attention and are known to associate to complex diseases such as
rheumatoid arthritis, diabetes type I and systemic lupus erythematosus (Davies et
al., 1994; Jawaheer et al., 2003). Recently MHC class I molecules are beginning to
receive more attention, mainly due to their critical role in transplantation
immunology, reproduction and cancer. A number of MHC class I antigens have been
associated with psoriasis, including HLA-B13, B57, Cw6 and Cw7 (Elder et al., 1994b)
Still, it is the HLA- Cw6 (Cw*0602) allele that shows the strongest association with
psoriasis and which has been confirmed in several studies of different
populations(Nair et al., 2000; O'Brien et al., 2001). Psoriasis is the only disease
known to associate with HLA-C so far. Other candidate genes located in the PSORS1
locus have been studied, for example corneodesmosin (Allen et al., 2001) and coiledcoil alpha-helical rod protein 1 (Suomela et al., 2003). However, given the recent
genetic data strongly supporting HLA-C as the true disease gene (Nair et al., 2006),
and the important immune function of HLA-C, this gene deserves further
investigation. Approximately 60% of psoriasis patients carry the Cw6 allele
compared with 10 to 15% of healthy controls (Gudjonsson et al., 2006). Patients that
carry this allele also have distinct clinical features such as earlier age of disease
onset, higher incidence of guttate phenotype and are more sensitive to frequent
exacerbations with streptococcal throat infections (Enerback et al., 1997;
Gudjonsson et al., 2006). Patients that are homozygous for Cw6 also have
approximately 2.5 fold higher disease risk than heterozygotes (Gudjonsson et al.,
2003a).

RNA expression studies in psoriasis
Global gene and protein expression in psoriasis has been investigated in
several studies. This has lead to the identification of more than 1300 genes with
differential expression between lesional psoriasis and normal skin. When comparing
the gene expression pattern in lesional and non-lesional skin of plaque lesions and
healthy controls, differentially expressed genes were identified that differentiate
lesional skin from normal skin by hierarchical cluster analysis (Bowcock et al., 2001;
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Oestreicher et al., 2001). In addition, a number of differentially expressed genes
have been mapped to psoriasis susceptibility loci, and some of them were also
differentially expressed in non-lesional skin (Bowcock et al., 2001). Some of these
genes have potential roles in psoriasis pathogenesis, including regulatory cytokines
and chemokines in lesional skin and markers of leukocyte activation in un-involved
skin (Zhou et al., 2003).

Proteome analysis in psoriasis
Studies

investigating

protein

expression

by

two-dimensional

gel

electrophoresis (2DE) in psoriatic keratinocytes (Celis et al., 1990a; Celis et al.,
1990b), and between lesional psoriasis and normal skin (Madsen et al., 1992;
Madsen et al., 1991) have identified and characterised proteins with differential
expression patterns. In addition, a number of genes have been specifically
investigated regarding level and site of protein expression in lesional psoriasis skin.
The term proteomics is defined as the characterization of the entire protein
content of a cell line, tissue or organism, including splicing variants and posttranslational modifications (Wilkins et al., 1996). The proteomics approach has been
widely used to identify differentially expressed proteins between disease and
normal tissue, which may be a target for drugs, or function as a diagnostic or
prognostic marker of disease. The proteome is very dynamic; all cells in the body
contain the same genome, but their proteome vary considerably in relation to
environmental influences, developmental stage or cell type. For example, each
protein can be chemically modified in different ways after synthesis in response to
intracellular and extracellular signals, including phosphorylation after receptor
activation (Hunter, 1995).

Two-dimensional gel electrophoresis
The first efforts in mapping bacterial and eukaryotic proteomes were
performed in 1975 by O´Farrel, Klose and Scheele (Klose, 1975; O'Farrell, 1975;
Scheele, 1975), who introduced the 2DE technique. This method has the ability to
separate and visualize thousands of proteins at the same time, and to detect posttranslational modifications. The 2DE is currently the most powerful technique
available for resolving complex protein mixtures into individual components for
quantitative analysis and identification. In 2DE, proteins are separated according to
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two independent properties in two separate steps. In the first step, proteins are
separated by charge in a gel strip containing a pH gradient, so that when the
proteins reach their isoelectric point in the gel strip, they will have no net charge
and will not migrate any further. In the second step, the gel strip from the first
dimension separation is put on top of an SDS polyacrylamide gel, which separates
the proteins according to molecular weight. The resolving power of 2DE makes it
possible to separate different isoforms of a protein or proteins that have undergone
post-translational modifications, for example phosphorylation, due to the change in
molecular weight and protein charge, respectively. The resulting pattern of protein
spots can then be visualized by an appropriate staining method, for example silver
staining or Coomassie blue, and the 2DE pattern of two different conditions, for
example normal and diseased tissue, can be quantitatively and qualitatively
compared. After analysis, protein spots of interest can be picked from the gel and
identified by mass spectrometry.
Still, 2DE is a labour intensive and time consuming method. The number of
proteins resolved in a gel, as well as type of proteins resolved are also limiting
factors. A lysate from tissue is too complex to be completely resolved on a single
2DE. Many large or hydrophobic proteins will not enter the first dimension, and
proteins of extreme acidity or basicity are usually not well represented. However,
this could be overcome by using narrow range first dimension gel strips, isolating
and analysing subproteomes instead of whole proteome, or change the
solubilization conditions. There is also a detection limit for low copy number
proteins in a crude protein extract, as more abundant proteins tend to dominate the
gel. The dynamic range of protein expression in humans is estimated to be between
7 and 9 orders of magnitude (Corthals et al., 2000).

Mass spectrometry
In general, the three basic parts of mass spectrometer include an ionization
source, a mass analyzer and an ion detector. Before analysis, proteins are cleaved
with a proteolytic enzyme, generating peptides that are then ionized in the mass
spectrometer. The two most common methods for peptide ionization are matrixassisted laser desorption/ionization (MALDI) (Karas and Hillenkamp, 1988) and
electrospray ionization (ESI) (Fenn et al., 1989). By MALDI, the sample is co-
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precipitated by a light-absorbing matrix, usually an UV-absorbing weak organic acid,
and then subjected to irradiation by laser. This results in vaporization of the matrix
and formation of charged molecular ions (Karas and Hillenkamp, 1988). By ESI, liquid
sample flows through a microcapillary tube into the mass spectrometer, where a
potential difference between the capillary and the inlet to the MS results in
generation of a fine mist of charged droplets. When the solvent evaporates, the size
of the droplets decrease, resulting in the formation of desolvated ions. The ions
generated by MALDI or ESI are then accelerated in an electrical field and sorted in a
mass analyzer according to their mass-to-charge (m/z) ratio. For example, a time-offlight (TOF) instrument determines the m/z ratio by measuring the time required for
the ion to pass through the length of a flight tube that is under vacuum. Finally, the
detector converts the ion influx to proportional electrical current generating mass
spectra, which provides the masses of the analysed peptides used for protein
identification. The masses of peptides obtained from proteolytic digestion of
unknown protein are compared with predicted masses of peptides generated by
theoretical digestion of proteins in a database (Pappin et al., 1993). If peptides from
the mass spectrum match the mass of the predicted peptides in the database,
protein identification can be made.
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Aims of the study
The overall aim is to compare protein expression patterns between normal skin,
lesional and non-lesional psoriatic skin and to evaluate the expression and function
of one strong candidate gene in psoriasis. The specific aims are:
o To compare the protein expression patterns in the plaque and guttate
psoriasis phenotypes, and another inflammatory skin disease, allergic contact
dermatitis.
o To identify proteins that are up-or downregulated in psoriasis lesions
compared with normal skin.
o To study the protein expression of HLA-C in psoriasis, contact eczema and
normal skin.
o To investigate the distribution of HLA-Cw*0602 and HLA-E genotype
combinations between cases and controls.
o To explore the functional effect of HLA-C on circulating natural killer cells
from psoriasis patients.
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Materials and methods
Patients
In Papers I, II and III, substantial effort was taken to maximize the sample
homogeneity by including only patients with a clear psoriasis phenotype and
obtaining all biopsies from the same body location. This resulted in a very well
defined clinical material, including only untreated chronic plaque psoriasis, acute
guttate psoriasis induced by streptococcal throat infection, and acute induced
contact nickel eczema.
Biopsies were taken from lesional and non-lesional skin from psoriasis patients
with acute untreated guttate psoriasis with a concomitant streptococcal throat
infection, and chronic stable plaque psoriasis without topical or systemic treatment
for at least 2 months. The plaque psoriasis skin lesions were clinically comparable in
thickness with the guttate psoriasis lesions. In addition, from individuals with known
contact allergy to nickel, biopsies were obtained from skin with positive patch test
reactions to nickel sulfate, and from non-lesional skin. As a reference for the normal
skin protein pattern, samples were taken from four healthy individuals with no
family history of psoriasis. In all cases, the non-lesional skin samples were obtained
at least 10 cm away from the lesional skin (Table 1).
In Paper III, an additional set of normal, plaque psoriasis, non-lesional plaque
psoriasis, lesional eczema, and nonlesional eczema samples were used in
immunohistochemistry analysis. In addition, one tonsil sample from a guttate
psoriasis patient affected by recurrent streptococcal throat infections was collected,
and archival samples of normal adult colon and fetal colon samples were used. All
samples were taken with written informed consent and with approval of the Ethics
Committee at Karolinska Institutet.
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Table 1. Patients and controls used for proteome analysis

Contact
eczema

Normal
skin

Plaque
psoriasis

Guttate
psoriasis

Skin
type

Patient
ID
G1
G2
G3
G4
G5
G6
P1
P2
P3
P4
P5
P6
P7
P8
P9
N1
N2
N3
N4
E1
E2
E3
E4

Sex

Sample

Age

M
M
M
M
F
M
F
M
F
F
M
F
M
M
M
F
M
M
M
F
F
F
F

LG/NLG
LG/NLG
LG/NLG
LG/NLG
LG/NLG
LG
LP
LP
LP
LP
LP
LP/NLP1
LP
NLP3
NLP2
NN
NN
NN
NN
LE/NLE
LE/NLE
LE/NLE
LE

42
22
27
28
40
34
56
30
44
30
56
56
75
65
40
45
36
29
30
38
51
56
29

Duration
(years)
10
<1
<1
8
8
<1
43
<1
32
20
25
4
17
<1
8
–
–
–
–
–
–
–
–

Family
history
No
No
No
No
Yes
No
No
No
Yes
Yes
No
Yes
Yes
No
Yes
No
No
No
No
No
No
No
No

PASI

PsA

7,8
8,4
7,4
13,4
6,8
10
7,2
10
13,8
8,4
12
7,8
12
8
7
–
–
–
–
–
–
–
–

–
–
–
–
–
–
–
PsA
–
PsA
–
–
–
–
–
–
–
–
–
–
–
–
–

In Paper IV, plaque psoriasis patients and population matched controls from
the Stockholm Psoriasis Cohort were used in genotyping for HLA-C and -E. In
addition, plaque psoriasis patients and healthy controls were selected for cell based
functional studies that were either HLA-Cw6 positive carrying the low affinity HLA-E
genotype (A/A) (“Cw6+/ER”) , or HLA-Cw6 negative carrying the high affinity HLA-E
genotype (G/G) (“Cw6-/EG”). All subjects were free of infection and systemic
treatment, and for all psoriasis patients Psoriasis Area and Severity Index (PASI)
scores were assessed at the time of blood collection. The majority of the patients in
the subgroup (95,4%) had mild psoriasis (PASI<7), 4,5% had moderate disease (PASI
7-12), while none of the patients had severe disease (PASI>12). Psoriasis subjects did
not have psoriatic arthritis and neither patients nor controls were under treatment
or had active infections. The mean age of psoriasis patients and controls was 47 and
53, and ranged between 19-74 and 23-81 years respectively. The proportion of
males and females was similar between cases and controls.
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Protein expression analysis
The global protein expression pattern in skin was analysed through two
dimensional gel electrophoresis. This analysis revealed a number of differentially
expressed proteins when lesional psoriasis skin was compared with normal healthy
skin. A set of proteins were picked from the 2DE gel and identified by mass
spectrometry. In addition, the level of HLA-C, -E, -G and total MHC class I was
specifically analysed on the protein level in protein extracts from skin through
Western blot, in sections from skin by immunohistochemistry, and in cultured cells
through immunohistochemstry and flow cytometry. The level of soluble MHC class I
in plasma from psoriasis patients and healthy controls was assessed through dot blot
analysis.

Sample preparation
The proteome of whole tissue lysates consists of proteins with a wide and
dynamic range of concentration, as well as differences in physiochemical properties
including solubility and size. A sample preparation protocol achieving complete
solubilization, denaturation, and reduction of proteins, as well as disaggregation of
protein complexes, is vital to obtain good and reliable results in 2DE. The main
components of the sample buffer are; detergents aiding protein solubilization and
preventing protein aggregation, denaturing agents, reducing agents to prevent
formation of protein secondary structure or interactions, carrier ampholytes
enhancing protein solubility, and protease inhibitors to prevent proteolytic
degradation. In addition, to prevent proteolytic degradation, the skin biopsies were
mechanically disrupted in liquid nitrogen.

2DE
In 2DE, proteins are separated according to charge and molecular weight in
two separate steps in an electrophoresis based system (Klose, 1975; O'Farrell, 1975).
The resulting pattern of protein spots in the SDS-polyacrylamide gel can then be
visualized by an appropriate staining method, for example silver staining, Coomassie
blue, and the 2DE pattern of different conditions, for example normal and diseased
tissue, can be quantitatively and qualitatively compared. After analysis, protein
spots of interest are picked from the gel and identified by mass spectrometry. In
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Papers I and II, 100 μg total protein were loaded onto an 18 cm first dimension gel
strip with a linear pH gradient from 4 to 7. The second dimension was carried out in
a 10 to 13% gradient SDS polyacrylamide gel, and proteins were visualized by
conventional silver staining protocol.

Western blot
Western blot allows the identification of one or several proteins of interest
through probing with specific antibodies. First, proteins are separated by
electrophoresis according to size. The separated proteins are then transferred by
electroblotting to a membrane, which is then probed with primary antibody against
the protein of interest. Bound primary antibody can be detected with a horseradish
peroxidase conjugated secondary antibody. The complexes are visualized by the
enhanced chemiluminescence method, where the enzyme cleaves hydrogen
peroxide, leading to oxidation of a substrate yielding light that is detected by a CCD
camera. In Paper III, specific primary antibodies against HLA-C, MHC class Ia or beta2-microglobulin were used.

Immunohistochemistry
In immunohistochemistry, specific antibodies are used to visualise the location
and distribution of specific proteins in cells or tissue sections. In our system, the
secondary antibody is biotinylated, and binds to the avidin:biotinylated enzyme
complex added. The enzyme in this complex is streptavidin horseradish peroxidase,
which produces a red color when incubated with a substrate (amino ethyl carbazol).
In Paper III and IV, cryosections of skin biopsies from lesional and nonlesional
psoriasis and eczema were stained with antibody against HLA-C, HLA-E, HLA-G or
MHC class Ia. In Paper III, cryosections of tonsil and normal fetal colon were stained
with antibody against HLA-C. In addition, the level of HLA-C expression was
investigated in a cultured lymphoblastoid cell line expressing no other MHC class I
molecules than HLA-C alleles Cw3 or Cw4.

Dot blot
In dot blot analysis protein mixtures can be analysed for presence or absence,
but also level of a specific protein by antibody detection. In this method, each
individual sample is applied directly to a nitrocellulose membrane as a dot and
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probed with antibody against the protein of interest. This allows great savings in
time, since separation of the components by electrophoresis is not required.
However, no information on size or the presence of more than one recognized
isoform is obtained. In Paper IV, plasma samples from psoriasis patients and healthy
controls were analysed for level of total soluble MHC class I molecules and specific
level of soluble HLA-C molecules.

Protein identification
Peptide mass fingerprinting is a commonly used method for protein
identification. This involves measuring the mass of peptide fragments, generated
from proteolytic cleavage of the protein of interest, by a mass spectrometer. For
protein identification, the mass pattern is compared to theoretically calculated
peptide masses from a database (Pappin et al., 1993). This approach allows
identification of proteins without the need of peptide sequencing, although the
presence of multiple proteins in one protein spot may complicate identification. In
Paper I and II, proteins were identified from the 2DE gels through trypsin in gel
digestion of gel plugs picked from the gel. The generated peptides were eluted and
analysed by MALDI-TOF mass spectrometry. The protein identities were obtained by
matching

the

mass

fingerprint

against

the

Mascot

protein

database

(www.matrixscience.com).

Cell culture analysis
The cultured cell lines used in this work are; a lymphoblastoid cell line (LCL
721.221) that through transfection express specific alleles of HLA-C as only MHC
class I surface expression, an erythroleukemia cell line (K562) completely lacking
MHC class I expression, and EBV transformed PBMCs isolated from psoriasis patients
and healthy controls.

All cells were maintained in suspension culture at the

optimum temperature and CO2 concentration (37°C and 5%, respectively) in regular
medium containing 10% fetal calf serum and antibiotics. In Paper III, the LCLs were
transfected with constructs carrying HLA-Cw3 and Cw4. HLA-C expression was
investigated by immunohistochemistry after 0, 16, 48 and 96 hours stimulation with
lipopolysaccaride (LPS). In Paper IV, the K562 cells and LCLs transfected with and
expressing cell surface HLA-Cw6 were used to investigate the effect of MHC class I
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on cytotoxic ability of circulating natural killer cells through a flow cytometry-based
assay. In this test, the OK432 substance, a lyophilized preparation of penicillin
treated and heat inactivated streptococcus, was used to investigate the effect of
streptococcal components on the cytotoxic activity. The EBV transformed PBMCs
prepared from psoriasis patients and controls were analysed for MHC class I
expression level by flow cytometry before and after treatment with IFN-α.

Flow cytometry
Flow cytometry is a technique for examining cells in suspension. Cells or
particles are carried by a stream of fluid past a beam of laser. A number of detectors
register the size of the particle (forward scatter) and the inner complexity of the
particle, such as shape of nucleus or cytoplasmic granulation, of the particle passing
the beam. Cells that are labeled with a fluorescent marker emit fluorescence when
passing through the laser beam which is also registered by a detector. Instruments
may have more than one fluorescence detector, enabling more than one type of
florochrome labeling and consequently detection of more than one marker on one
individual cell. Commonly used fluorochromes are fluorescein isothiocyanate,
phycoerythrin and peridinin chlorophyll protein. The fluorescent marker is usually
conjugated to an antibody against a specific protein expressed on the cell surface or
intracellular markers. The fluorescence of a labeled cell is proportional to the
amount of the specific marker that the antibody binds to.

Cell based cytotoxicity assay
The cytolytic activity of natural killer cells or cytotoxic T-cells has traditionally
been measured by the radioactive chromium (51Cr)-release assay, developed in the
1960s. The assay involves labeling of target cells with radioactive chromium, coculturing of targets with cytolytic effector cells, and measurement of

51

Cr release

into culture medium from lysed target cells. This method involves handling of
radioactive material and, in most cases, a preparative step isolating effector cells
(NK cells or CD8 T cells) from test subjects. The flow cytometry-based cytotoxicity
assay used in this work was developed at the Swedish Institute for Infectious Disease
Control, and involves the use of whole blood from test subjects. The outcome is
directly measured by flow cytometry using a target cell specific marker allowing
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direct quantification of target cell killing. In Paper IV, the test is performed in three
separate cultures; (1) whole blood from test subjects (containing effector cells)
mixed with culture medium, (2) 10 000 target cells (K562 or LCLs with HLA-Cw6)
mixed with culture medium, and (3) whole blood mixed with 10 000 target cells. In
addition, the reactions were prepared with and without OK432, a lyophilized and
heat inactivated preparation of streptococcus pyogenes with immune stimulating
properties. The cell mixtures were incubated at regular culture conditions for 2
hours, and stained with a FITC conjugated anti-CD71 antibody. Samples were then
read in a flow cytometer and live target cells were identified as CD71 positive and
blood cells/effector cells as CD71 negative. The acquisition time was set so that 1/10
of the total sample volume was collected. The proportion of reduction in target cells,
or % cytotoxicity, was calculated by comparing the number of target cells in the
reactions without effector cells (2) to the number of remaining target cells in
reactions with effector cells (3). Reaction (1) was used to detect the background
number of effector cells positive for CD71, which was subtracted from the number
of positive cells in the cytotoxic reaction (3).

Lymphocyte absolute counts
Flow cytometry was also used to determine absolute counts of T cells and NK
cells in blood from each subject using cell type specific surface markers CD3, CD16
and CD56. Antibodies against the markers are labeled with different fluorochromes,
which can be individually detected. NK cells are positive for CD16 and CD56 but
negative for CD3, while T cells are positive for CD3 and negative for CD56 and CD16.

Genotyping
DNA was isolated from blood of psoriasis patients and healthy controls using
regular phenol-chloroform extraction method. In Paper IV, the HLA-Cw6 status was
determined by allele specific PCR phototyping technique. In this method, primers
are designed to bind to and allow amplification of a nucleotide sequence only when
a specific allele of the gene is present. The result of the amplification is then
visualized on agarose gels, using ethidium bromide and UV light, recording absence
or presence of specific band. The HLA-E status in turn was determined by
pyrosequencing. Here, a short fragment of the target sequence is amplified using
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one primer labeled with biotin at the 5´-end. The biotinylated single stranded
product is then isolated and hybridized with a sequencing primer in close proximity
to the investigated genetic variation. In the next step, nucleotides are released into
the reaction one by one in a predetermined order. The reaction mix also contains
several enzymes, including DNA polymerase and luciferase, so that if the added
nucleotide is complementary to the template strand, a luminous signal with
intensity corresponding to the number of nucleotides incorporated is released. The
sequencing data is then evaluated and analysed using the PSQ96® software (Biotage,
Uppsala, Sweden).

Data analysis
In Paper I, different hypotheses concerning the characteristics of the
phenotypes were tested by first selecting different subsets of proteins. Each subset
of proteins was formed by selecting proteins with significantly different expression
in two specified groups. A protein was considered to have significantly different
expression if both Mann–Whitney’s test and Student’s t test yielded a p-value less
than or equal to 0.02. The datasets were analyzed by hierarchical cluster analysis
using the R statistics package. Hierarchical cluster analysis groups similar samples
together in an agglomerative way based on a calculated distance matrix (Dysvik and
Jonassen, 2001).
In Paper II, The analysis was focused at a detailed comparison between plaque
and guttate psoriasis. In addition, a global comparison was performed with a
factorial design consisting of one factor (source of biopsy) and five levels (Normal:
NN, Non-Lesional Guttate: NLG, Non Lesional Plaque: NLP, Lesional Plaque: LP,
Lesional Guttate: LG). Other relevant comparisons were made between each
phenotype and their corresponding control biopsies. A technique to find
differentially expressed genes, originally developed by Tusher, Tibshirani and Chu for
microarray experiments, is significance analysis of microarrays (SAM). Using protein
expression measurements, the analysis was applied to the entire collection of
samples from each phenotype. We also added a selection criterium for differentially
expressed proteins; proteins consistently up or downregulated across samples were
further considered. This was because relying on average expression per group of
samples alone does not reveal the true distribution of protein level changes.
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Analyses were done using Bioconductor modules in the R statistical computing
environment (http://www.bioconductor.org and http://cran.r-project.org). Lists of
differentially expressed genes were generated based on the false discovery rate
approach, a statistical method to correct for multiple comparisons. Pathway analysis
was also performed using Kyoto Encyclopedia of Genes and Genomes (KEGG) and
Gene

Ontology

(GO)

databases

(http://www.genome.jp/kegg/

and

http://www.geneontology.org/).
In Paper III, intensity measurements of specific signals detected in Western
blot analysis were corrected by the total amount of protein in their corresponding
lanes as derived from measurement of Ponceau staining intensities of the
membranes. Variations in luminosity between images were adjusted by using an
HLA-C positive cell line as internal control on all membranes. Mean expression
indexes from different sample groups were compared by fitting a one-way ANOVA
model to the data, assuming a significance level of 0.05. Then a paired t-test was
performed in order to identify comparisons with significant differences.
In Paper IV, Comparison of allele and genotype frequencies was done through
χ2 analysis of contingency tables using the statistical package SNPassoc (Gonzalez et
al., 2007). Relationships between disease status and genotypes at HLA-Cw6 and HLAE were tested through general linear models with backward selection; model
selection was done according to maximum likelihood scores.
Cytotoxicity measures for individuals with different genotypes were compared
using a factorial design where a treatment factor had two or three levels. In the
cytotoxicity assay, this involved no treatment and treatment with OK432 and for
HLA expression assay, no treatment, treatment with IFN-α or with PHA. The category
factor had two levels (case, control) and the genotype factor had two levels (HLACw6 positive and HLA-E low affinity, and HLA-Cw6 negative and HLA-E high affinity).
Lymphocyte population counts, sHLA measurements and TNF-α measurements were
compared according to patient control status and genotype status. ANOVA was the
tool of choice with a significance level set at 0.05; test assumptions were evaluated
and quantitative variables transformed when necessary. A correlation analysis was
performed between cytotoxicity response and sHLA levels in plasma since the tests
were done in whole blood and it is known that sHLA molecules have pro-apoptotic
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effects on CD8+ T-cells and NK-cells (Contini et al., 2005). The R language and
statistical platform was used for all analyses (R Development Core Team, 2008).

Results and discussion
Identification of differentially expressed proteins in plaque and guttate
psoriasis
The clinical characterization of psoriasis has relied upon the concept of distinct
phenotypes that sometimes coexist in the same patient. Many studies of psoriasis
from the genetic as well as the immunologic perspective consider psoriasis as a
single entity, even though the disease displays considerable clinical or genetic
heterogeneity. This view has some practical advantages, but may also reduce the
power to detect specific factors contributing to phenotypic heterogeneity. This is the
first study aimed at investigating global protein expression analysis of skin from
psoriasis, comparing the expression pattern in two distinct psoriasis phenotypes.

Phenotype specific protein expression patterns
In Paper I, protein expression patterns in skin from well-defined phenotypes of
acute guttate and chronic plaque psoriasis, as well as nickel induced contact eczema,
another acute skin inflammation, were analyzed by 2DE. Comparing the protein
expression pattern between these conditions revealed four sets of protein spots of
unknown identity with differential expression between the groups.
Four sets of differentially expressed proteins were identified, originating from
the comparisons of lesional plaque vs. lesional guttate psoriasis, lesional guttate
psoriasis vs. lesional eczema, lesional guttate vs. non-lesional guttate psoriasis, and
lesional plaque psoriasis vs. lesional eczema. When the protein sets were used in
hierarchical cluster analysis, all resulted in a clear separation of lesional plaque
psoriasis samples and with the other phenotypes grouped in a different cluster,
indicating that the protein sets were not likely to be detected by chance. In addition,
profiles from lesional guttate and lesional eczema clustered in the same branch,
although as separate phenotypes/groups. Samples within each group clustered
together, indicating that the protein data sets used are biologically relevant.
However,

non-lesional

and

normal

samples

showed

no

consistent
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grouping/clustering, which may be caused by a small sample size, although they
were clearly separated from plaque lesions.
In this study, plaque and guttate lesions were investigated as two
distinguishable psoriasis phenotypes, hypothesizing that the protein expression
profiles from the two types are different, reflecting the different disease processes.
We found that the identified protein expression profiles were sufficiently distinct to
produce separable signatures of expression, supported by the clear separation of
plaque and guttate phenotypes. The duration of the inflammatory reaction also
seemed to be of importance, since acute guttate psoriasis clustered closer to acute
nickel eczema than to plaque psoriasis. Guttate psoriasis and contact eczema are
both Th1 driven inflammatory skin reactions (Cavani et al., 2000), indicating that
they may show similarities in their protein expression profiles.
In Paper II, an additional set of proteins from skin was targeted for
identification. The study revealed a number of proteins that were differentially
expressed when comparing plaque and guttate psoriasis phenotypes with non
lesional and normal skin. In all sets, proteins unique to each comparison, i.e. present
in one comparison only, were found (Figure 5). This supports the concept that
chronic plaque and acute guttate psoriasis are different at the level of protein
expression. In addition, links between identified proteins and functional or
regulatory pathways with possible relevance in psoriasis pathogenesis were
identified.

Figure 5. Venn diagram showing the distribution of uniquely or commonly expressed
proteins present in the plaque and guttate psoriasis phenotypes.
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The protein displaying the highest fold upregulation was the squamous cell
carcinoma antigen (SCCA)-2, also known as serine protease inhibitor (SERPIN) B4.
This protein has also been detected in sera of psoriasis patients, and serum levels as
well as expression in skin correlates with disease activity (Takeda et al., 2002). It can
potentially inhibit TNF-α mediated apoptosis (McGettrick et al., 2001) and induce
cytokine production in transfected keratinocytes (Titapiwatanakun et al., 2005), and
could thus play an important part in psoriasis pathogenesis.
Nicotinamide N-methyltransferase (NNMT) was upregulated in guttate
psoriasis. This protein is involved in a range of biological activities, such as energy
production, and cellular resistance to injury or stress (Sartini et al., 2007; Williams et
al., 2005). It is regulated by Stat3 (Tomida et al., 2007), a transcription factor that is
activated in keratinocytes of psoriasis lesions. A transgenic mouse model with
constitutive expression of Stat3 in basal keratinocytes displays a skin condition with
strong resemblance to psoriasis (Sano et al., 2005).
A number of the identified proteins were found to be related to apoptosis, for
example expression of prohibitin (PHB) is increased in psoriasis skin, and is involved
in cell cycle regulation in keratinocytes (Kim et al., 2007).
Searching for regulatory elements in the region upstream from the first known
exon of all identified genes, revealed that the NF-KB c-Rel site was present in 11 of
the genes (TPT1, GNAI2, PHB, GSTP1, KRT10, ANX4, NDUFS3, PPA1, CLR, COMT and
HSP27). The functionality of c-Rel in those genes remains to be established, but it
has been found to regulate anti-apoptotic events in the central nervous system (Pizzi
et al., 2005). In addition, a set of the differentially expressed proteins had potential
regulatory sequences in the 3´UTR that may be regulated by microRNA molecules.

Localization and quantification of HLA-C protein expression in psoriasis
Association between psoriasis and the MHC region is well known. A number of
MHC class I antigens have been associated with psoriasis, but it is the HLA-C,
specifically the Cw6 allele, that shows the strongest association with psoriasis. The
role of MHC class Ia in the pathophysiological mechanisms of psoriasis is not well
understood. However, it is clear that inflammation is a marker of disease and that
environmental factors such as infections can trigger disease, which provides an
immunological playground for HLA-C. Even though the association between HLA-C
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and psoriasis has been known since the 70’s, there are no published studies so far
that describe its expression in psoriasis.
In this study, the expression of HLA-C and MHC class Ia was investigated in skin
protein extracts using Western blot and in sections of skin immunohistochemistry.
The tissue distribution of HLA-C differed significantly between the groups. Epidermal
HLA-C expression in normal and eczema skin was stronger than in plaque psoriasis.
Immunoreactivity in plaque psoriasis was consistently stronger in the basal layer,
especially at the tips of rete ridges where the signal often polarized towards the
basement membrane and with only low level of expression in the epidermis.
Leukocyte-like cells as well as large dendritic-like cells stained strongly with antiHLA-C in all samples groups. In the dermis, scattered inflammatory cells showed
positive staining for HLA-C.
In Western blot analyses of skin protein extracts, the level of HLA-C expression
was significantly higher in lesional eczema skin compared with the other sample
groups, except for lesional plaque psoriasis that showed slightly higher expression
level than the other groups.
Our findings indicate that HLA-C expression in psoriasis depends predominantly
on infiltrating inflammatory cells, while non-lesional and normal samples express
higher levels of the protein in the epidermis. It is known that increased expression of
MHC class I molecules can downregulate effector immune cell functions (Parham,
2004b), and therefore reduced expression of HLA-C in psoriasis epithelium might
contribute to maintaining inflammation due to inefficient downregulation of
activated lymphocytes. Since some class I molecules, including HLA-C, are strong
inhibitors of inflammatory reactions initiated by T and NK cells (Carosella et al.,
2001; Le Discorde et al., 2002), the reduced epithelial HLA-C expression might lead
to increased vulnerability to inflammation, therefore the polarized HLA-C expression
might be a compensatory mechanism, a boundary or barrier to reduce lymphocyte
infiltration.
HLA-C polarization in psoriasis epidermis might lead to a directional flow of
inflammatory cells towards the tip of papillae above where micro abscesses are
typically formed. A relevant observation regarding this possibility is that the
inflammatory infiltrate in psoriasis does not seem to affect the structure of the basal
cell layer, except at the uppermost section of papillae where HLA-C expression
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seems lower. In contrast, the basal cell layer in eczema is characterized by
infiltrating inflammatory cells throughout the epidermis.
In conclusion, the distinct HLA-C expression patterns in psoriasis and eczema
suggest a functional role in the specific psoriasis immune response and not only a
general feature of inflammation.

Genetic relationship and functional effect of HLA-C and -E
Here we investigated the interaction between HLA-C and HLA-E at the genetic
level and the functional consequences of these molecules on immune cells from
psoriasis patients. Previously, we showed that HLA-C has a distinct expression
pattern in psoriasis skin, which could indicate a functional role of this molecule in
psoriasis. It is suggested that some MHC class I molecules interact physically or have
a coordinated expression, influencing biological processes during pregnancy,
transplant rejection, survival of cancer cells and inflammation (Hunt, 2006; Strong et
al., 2003). HLA-C might interact with HLA-E on the genetic level, but also on the
functional level influencing immune responses in psoriasis through interaction with
natural killer cell receptors. In addition, the possible link between streptococcal
infection and triggering of psoriasis was investigated by exploring the effect of
streptococcal products on NK cell activity.
No significant genetic association between HLA-E on its own and psoriasis was
found. However, the combined HLA-Cw6 and -E genotypes had different
distributions in cases compared to controls (Table 2). Among HLA-Cw6 positive
psoriasis patients there was 5 times lower prevalence of HLA-E allele with high
peptide binding affinity, suggesting that assembly of HLA-C and/or -E molecules
might be less efficient in these individuals (Strong et al., 2003). This could be
compatible with the HLA-C expression pattern observed in psoriatic skin, and the
reduced HLA expression might lead to loss of self tolerance. Carrying the high
affinity HLA-E alleles in the presence of HLA-Cw6 might be protective against
psoriasis. Immunohisochemistry staining of skin showed a staining pattern for HLA-E,
similar to that of HLA-C, with a stronger staining along the basement membrane.
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Table 2. Distribution of HLA-E rs1264457 genotypes
HLA-E
rs1264457
AA
(Low affinity)
AG
GG
(High affinity)

Control
Cw6 +
24
(45.28%)
21
(39.62%)
8
(15.09%)

Psoriasis
Cw6 +
111
(42.86%)
138
(53.28%)
10
(3.86%)

Total
Cw6 +
135
(43.27%)
159
(50.96%)
18
(5.77%)

Control
Cw6 –
134
(31.31%)
212
(49.53%)
82
(19.16%)

Psoriasis
Cw6 –
119
(29.24%)
192
(47.17%)
96
(23.59%)

Total
Cw6 –
253
(30.30%)
404
(48.38%)
178
(21.32%)

Grand
Total
388
(33.83%)
563
(49.08%)
196
(17.09%)

Grand Total

53

259

312

428

407

835

1147

OR for HLA-EG/G and Cw6 positivity in psoriasis versus controls= 0.2, 95% C.I.= 0.06 – 0.61, p-value=0.0046)

No differences in the circulating NK cell and T cell counts were observed
between patients and controls. This is likely related to our patient selection in which
the disease activity was low, and therefore no great differences were expected in
the cell distribution.
We found that Cw6 positive psoriasis patients carrying low affinity HLA-E were
less efficient in killing K562 cells compared to controls with similar genotypes,
suggesting that cytotoxicity might not be a central feature of the immune
deregulation in Cw6 positive psoriasis patients and that NK cells instead might be
driven into cytokine-producing proinflammatory phenotypes. Exploring the cytokine
profiles of such cells will contribute to explain these findings. There were no striking
differences between cases and controls in terms of cytotoxicity against LCL-Cw6 or
K562 targets. The addition of the streptococcus-derived substance OK432
significantly increased the ability to kill K562 target cells but did not affect the killing
of LCL-Cw6 targets, indicating that such substance does not interfere with the
interaction between the Cw6 molecule and receptors on effector cells.
The level of total soluble HLA in plasma was higher among patients. No
differences in sHLA-C were observed, but it was not possible to measure specifically
sHLA-Cw6 levels which might be more relevant than total sHLA-C. Because sHLA can
induce apoptosis of NK cells and CD8+ cells (Fournel et al., 2000; Puppo et al., 2002;
Spaggiari et al., 2002), and because NK cell activity tests were done using whole
blood, a correlation analysis between sHLA and cytotoxicity was performed. It is
reasonable to expect that high sHLA levels might induce apoptosis of NK cells with a
resulting reduction in cytotoxicity. However, only a small correlation was observed
that did not explain the lower cytotoxic activity.
Stimulation with IFN-α decreased the surface expression of HLA class I on LCLs
from psoriasis patients and controls. On the other hand, whether the reduction in
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cell surface expression is the result of gene regulation or if MHC class I molecules are
shredded from the cell surface cannot be established from our study. In this study,
we cannot determine if EBV transformation affected the basal capacity of LCL cell
lines to express HLA class I molecules, we suggest that IFN-α plays a role in reducing
HLA-C expression in psoriasis lesions.
Taken together, our studies implicate a role for sHLA and HLA-E in psoriasis
and suggest a model where HLA-C and HLA-E interactions can lead to reduced
expression of class I molecules, which in turn can lead to immune deregulation.
Cytotoxicity tests were performed using whole blood in an attempt to retain the
properties of the complex mixture of cell types and chemical mediators present
under physiological conditions. A more detailed analysis using purified cytotoxic cells
(NK/NK-T and CD8 T-cells) is required but it will likely imply accounting for NK cell
receptor genotypes in order to evaluate more accurately the role of class I HLAs in
psoriasis.
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Concluding remarks
Psoriasis is a complex disease in which many questions remain to be answered
regarding the underlying mechanism of disease development. The aim of this work
was to search for individual proteins of relevance for disease pathogenesis of the
disease as an entity, and to investigate whether different phenotypes of the disease
can be distinguished not only from clinical appearance, but also based on protein
expression patterns. In addition, the first protein expression and functional studies
of the main psoriasis candidate genes, HLA-Cw*0602, was performed, and the
genetic interaction between HLA-C and HLA-E was studied.
The identified differentially expressed proteins identified in psoriasis
contributes to the understanding the course of events in the pathogenesis of the
disease. Still, there are more proteins of interest to identify from this analysis, which
could potentially lead to the identification of psoriasis related functional network.
The fact that the method can differentiate between skin samples with acute and
chronic inflammation indicates that different disease processes are at work in
guttate and plaque psoriasis. This type of proteome analysis is time consuming, and
would not at present date be of interest as a tool in determining psoriasis type in the
clinic. However, this method could be valuable when investigating global effects on
protein expression cased by different psoriasis therapies.
The pattern of HLA-C expression observed in lesional psoriasis skin could point
to a role for this gene in psoriasis. The findings in this study indicate that the HLA-C
expression in lesional psoriasis predominantly depends on infiltrating inflammatory
cells. The reduced expression in psoriasis epithelium could lead to a persistent
inflammation, incapable of downregulating activated lymphocytes. The strong HLA-C
expression along the basal layer could be an attempt to control the inflammation, as
MHC class I molecules are capable of downregulating immune cell functions.
Genetic analysis of HLA-C and HLA-E alleles showed that the high affinity
binding allele of HLA-E was more common in psoriasis patients carrying HLACw*0602. HLA-E binds and presents the signal peptide from other MHC class I
molecules. The HLA-E low affinity allele is less efficient at presenting the MHC class I
signal peptide, and could affect the HLA-C expression pattern seen in psoriasis skin.
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We found that Cw6 positive psoriasis patients with low affinity HLA-E were less
efficient in killing cells completely lacking MHC class I, compared to controls. This
could suggest that cytotoxicity might not be a central feature of the immune
deregulation in Cw6 positive psoriasis patients and that NK cells instead might be
driven into a cytokine-producing state. Exploring the cytokine profiles of such cells
will contribute to explain these findings. In addition, the increased levels of soluble
HLA in psoriasis patients may affect the cytotoxic activity. However, the incubation
time in this experiment could be too short to detect any effect of this factor on NK
cell activity.
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