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“Nothing is so firmly believed as that which we least know” 

Michel de Montaigne 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 

  



 
 

Psoriasis is a common immune-mediated disease, where an increased prevalence of extra 
cutaneous diseases and mortality is observed. Common inflammatory mechanisms are 
implicated. The general aim of this thesis was to investigate markers of inflammation and 
cardiovascular disease in psoriasis, now considered a systemic disease, assumed to reflect the 
systemic inflammation.  
 

In Study I, Th1-, Th2- and Th17-associated chemokines were elevated in the blood of 
psoriasis patients in comparison to controls and, in Study II, six markers of cardiovascular 
risk were demonstrated to be systemically elevated. After adjustment for body mass index and 
waist: hip ratio in Study II, only one marker, the total plasminogen activator inhibitor-1, 
showed sustained elevated levels. The levels of the chemokines and the cardiovascular 
markers were unaffected after treatment with narrowband UVB therapy (NB-UVB), despite a 
significant improvement in skin lesions, indicating more local than systemic effects of NB-
UVB. This was further strengthened by the fact that the response to in-vitro stimulation in the 
peripheral blood mononuclear cells (PBMCs) of psoriasis patients before and after NB-UVB 
treatment was unaffected. In Study I, CCL20 was shown to correlate to the psoriasis area 
severity index (PASI), but this correlation was lost after phototherapy, suggesting sources of 
CCL20 other than the skin. Conversely, systemic treatment with TNF-α inhibition in Study II 
alleviated the elevated systemic levels of the cardiovascular risk markers. In Study III, the 
levels of 17 potential biomarkers, with the emphasis on endothelial and adipocyte 
dysfunction, soluble receptors and the innate mechanisms were studied. Endocan-1, CXCL16, 
and sVEGFR1, were found to be systemically decreased in psoriasis patients at baseline. 
Endocan-1 showed a negative correlation to the PASI. In contrast to the results in Studies I 
and II, NB-UVB therapy affected the systemic levels of investigated markers; Endocan-1 and 
CXCL16 were restored to normal levels, while sVEGF1, FABP3, FABP4 and sIL-1R1 
showed a significant reduction following NB-UVB. In Study IV, the focus was on the 
contribution of innate immune mechanisms and the effects of the cytokines IL-17 and TNF-α 
on systemic inflammation. In keratinocytes, the gene and protein expression of inflammasome 
components was increased upon exposure to IL-17 and TNF-α. Systemically, the constitutive 
expression of the inflammasome components NLRP1, NLRP3 and AIM2 was detected in 
neutrophils, classical monocytes, CD4+ lymphocytes and B-cell subsets from psoriasis 
patients. Upon exposure to IL-17 and TNF-α, increased systemic caspase-1 levels were 
detected, confirming systemic inflammasome activity.  
 

In conclusion, these studies support the hypothesis that there is a systemic inflammation in 
psoriasis to which both innate and adaptive immune mechanisms contribute. The systemic 
inflammation may be explained, to some extent, but not completely, by body weight and fat 
distribution. The different effects of NB-UVB therapy on the systemic levels of the 
investigated markers may reflect their different roles in psoriasis, but the ameliorating effects 
of the TNF-α inhibitor on the elevated cardiovascular markers suggests that systemic 

treatment should be evaluated in psoriasis patients with signs of a systemic inflammatory 
burden. 

 
 

  



 

  



 
 

 

 
Psoriasis är en kronisk inflammatorisk sjukdom som drabbar 2-3% av befolkningen.  
Sjukdomen uttrycker sig i huden som röda, fjällande fläckar men kan även drabba naglar, 
senfästen och leder. Den exakta orsaken till sjukdomens uppkomst är okänd, men det krävs 
samspel mellan genetisk predisposition och utlösande faktorer i omgivningen. Flera studier 
har observerat en koppling mellan psoriasis och andra sjukdomar såsom övervikt, det 
metabola syndromet, diabetes samt hjärt-och kärlsjukdom men även leversjukdom och 
depression. Metabola syndromet är ett samlingsnamn som innebär att det finns flera och 
bestämda riskfaktorer för hjärt-och kärlsjukdom. Mycket talar för att det finns gemensamma 
mekanismer för uppkomst av psoriasis och denna samsjuklighet. Därför är karakterisering av 
den systemiska inflammationen i psoriasis av värde för att förstå hur mekanismerna är 
relaterade. Att identifera en mätbar markör i blodet hos psorsiasispatienter som kan förutsäga 
risk för utveckling av samsjuklighet är av vikt för behandlingsstrategin hos den enskilda 
individen.  
 
Denna avhandling inkluderar fyra studier, där markörer för inflammation, men även hjärt-och 
kärlsjukdom har analyserats hos psoriasispatienter samt hur dessa markörer påverkas av 
behandling. 
 
I första studien har inflammatoriska markörer, så kallade chemokiner (små proteinmolekyler 
som vägleder immunceller till områden med inflammation), representarande olika typer av 
immunförsvar påvisats vara förhöjda hos psoriasispatienter. I den andra studien har fem av 
sex undersökta riskmarkörer för hjärt-och kärlsjukdom påvisats förhöjda. Efter korrigering för 
kroppsmasseindex (body mass index; BMI) som mått på övervikt och midja-höft kvot som 
mått på midjemåttet i studie II, kvarstod endast en markör förhöjd. Detta talar för att 
inflammationen i blodet som markörerna representerar är till stor del, men inte enbart, 
kopplad till kroppsvikt och bukfetma.  
 
I studie I och II studerades även effekten av den ljusbehandling som oftast används för 
behandling av psoriasis (ultraviolett ljus av typ B med våglängden 311nm). Markörerna 
kvarstod förhöjda, trots tillfredsställande förbättring av hudsymptomen. Däremot visade 
studie II att behandling med antiinflammatoriskt läkemedel i injektionsform ledde till 
sänkning av samtliga riskmarkörer för hjärt-och kärlsjukdom. Dessa resultat indikerar att 
ljusbehandlingen hämmar inflammationen i huden utan att i samma grad påverka 
inflammationen i blodet.   
 
I studie III undersöktes ytterligare markörer relaterade till hjärt-och kärlsjukdom, nu utifrån 
aspekter såsom kärlpåverkan, inflammation i fettväv och fettomsättning. Till skillnad från 
tidigare resultat hittades en sänkning av markörer. Den ena är viktig för funktionen av 
endotelet, det innersta lagret i kroppens kärl, vars funktion är rubbad vid hjärt-och 



 

kärlsjukdom, den andra är av vikt i det tidiga immunförsvaret både i hjärt-och kärlsjukdom 

samt psoriasis och den tredje hämmar kärlnybildning. En av markörerna korrelerade till 

svårighetsgraden av psoriasis i huden och två av de tre markörerna normaliserades i samband 

med ljusbehandling. Möjligen kan markörerna som minskade vara mer specifika för 

hudinflammationen och en ökad koncentration i huden förklara sänkta värden i blodet.    
 

Det finns ett ökat intresse för forskning kring tidiga immunmekanismer vid psoriasis.  

I studie fyra studerades komponenter av proteinkomplexer inuti celler som är av stor vikt i det 

tidiga eller medfödda immunförsvaret, så kallade inflammasomer. Ökat uttryck av 

inflammasomdelarna NLRP1, NLRP3 och AIM2 konstaterades i olika typer av vita 

blodkroppar hos psoriasispatienter med en koppling till nyckelcytokinet i psoriasis, IL-17 (ett 

protein som driver inflammation).  
 

Sammanfattningsvis har dessa studier styrkt och närmare beskrivit förekomsten av systemisk 

inflammation hos psoriasispatienter. Inflammationen i blodet kan delvis kopplas till 

kroppsvikt och bukfetma. Resultaten talar för att ljusbehandling inte påverkar denna 

inflammation i samma grad som invärtes läkemedelsbehandling.   
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AIM  Absent in melanoma 

AMPs  Antimicrobial peptides 

ASC  Apoptosis-associated speck like protein containing a CARD 

BMI  Body mass index 

CCL  CC chemokine ligand 

cDNA  Complementary DNA 

CRP  C-reactive protein 

CXCL  CXC chemokine ligand 

CXCR  CXC chemokine receptor 

DAMPs  Danger-associated molecular patterns 

DCs  Dendritic cells 

FABP  Fatty acid-binding protein 

HEKn  Human epidermal keratinocytes, neonatal 

HLA  Human leukocyte antigen 

ICAM-1  Intercellular adhesion molecule 1 

IF  Immunofluorescence 

IFN  Interferon 

IL  Interleukin 

ILC  Innate lymphoid cells 

LPS  Lipopolysaccharide 

mDCs Myeloid dendritic cells 

MHC Major histocompatibility complex 

MMP Matrix metalloproteinase 

MPO Myeloperoxidase 

NAFLD  Non-alcoholic fatty liver disease 

NB-UVB  Narrowband ultraviolet B 

NF-κB  Nuclear factor-kappa beta 

NK  Natural killer 
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NLRP1 NACHT, LRR and PYD domains-containing protein 1 

NLRP3 NACHT, LRR and PYD domains-containing protein 3 

OxLDL Oxidised low-density lipoprotein  

PAI-1 Plasminogen activator inhibitor 1 

PAMPs  Pathogen-associated molecular patterns 

PASI  Psoriasis area severity index 

PBMCs  Peripheral blood mononuclear cells 

pDCs  Plasmacytoid dendritic cells 

PPR  Pattern recognition receptor 

PUVA  Psoralen ultraviolet A 

RBC  Red blood cell 

ROS  Reactive oxygen species 

sE-selectin  Soluble E-selectin 

sICAM-1  Soluble intercellular adhesion molecule 1 

sIL-1R  Soluble interleukin 1 receptor 

sIL-2Ra  Soluble interleukin 2 receptor subunit alpha 

sTNFR  Soluble tumour necrosis factor receptor 

sVCAM-1  Soluble vascular cell adhesion molecule 1 

sVEGFR  Soluble vascular endothelial growth factor receptor 

Tc  T cytotoxic (cytotoxic T cell) 

Th  T helper 

tPAI-1  Total plasminogen activator inhibitor 1 

TNF-α  Tumour necrosis factor alpha 

TLR  Toll-like receptor 

VCAM-1  Vascular cell adhesion molecule 1 

VEGF  Vascular endothelial growth factor 

WHR  Waist: hip ratio 
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Psoriasis is a common immune-mediated disease that on average affects 2-3% of the 

population worldwide (1). Its incidence, in children and adults, is thought to have been 

increasing over a 30-year period (2, 3). The aetiology of psoriasis is not fully understood, but 

it is well established that a genetic predisposition and epigenetic factors, together with 

environmental factors, play an important role. The disease has several phenotypes and the 

most common, plaque psoriasis, is characterised by chronic inflammation, manifesting in the 

skin as scaly red lesions, plaques, with or without the involvement of nails and joints. There is 

a difference in severity, ranging from a few plaques to the involvement of almost the entire 

body surface. The degree of severity depends on genetic and environmental factors and the 

disease may intermittently improve or progressively worsen. Histologically, there is an 

increase in the thickness of the epidermis, reflecting accelerated cell division, and 

parakeratosis, reflecting disordered differentiation, and angiogenesis in the dermis. 

Immunologically, there is cross-talk between immune cells and keratinocytes, where 

cytokines and chemokines are key factors. Clinically, the increased prevalence of extra 

cutaneous diseases, including obesity, the metabolic syndrome, cardiovascular disease and 

depression, is observed. Furthermore, there is an increase in mortality, especially in severe 

disease (4-6). With expanding knowledge of the immune system, it is becoming more evident 

that these diseases may have common inflammatory mechanisms. Studies of systemic 

inflammation in psoriasis therefore play an important part of identifying new aspects of the 

pathogenesis of the disease itself and the co-morbidities observed in many psoriasis patients.  

Identifying markers of the disease that could differentiate between different phenotypes and 

help in deciding on the most appropriate and cost-effective treatment for each individual is 

therefore of interest. In 2014, the World Health Organization (WHO) encouraged member 

states to raise awareness of psoriasis and its impact on general health, asserting the need for 

further research and a more holistic approach to the management of psoriasis patients (7, 8). 

Furthermore, in March 2018, the National Board of Health and Welfare (Socialstyrelsen) in 

Sweden published a preliminary version of national guidelines regarding the care of psoriasis 

patients, where psoriasis as a systemic disease is emphasised and screening for co-

morbidities, especially in severe disease, is recommended (9). 
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Psoriasis affects people of all ages and ethnicities, without any gender predisposition. 

However, the disease occurs more frequently with advancing age and appears to be most 

common in populations of Northern Europe and least common in populations of Eastern Asia. 

According to published data, the prevalence of psoriasis varies between 0.09% and 11.4% in 

different countries. The estimated prevalence of psoriasis in the most developed countries has 

been estimated between 1.5% and 5%. A significant variation in psoriasis prevalence between 

populations and countries has been demonstrated, but there are differences in the way data 

sampling has been accomplished and there are many gaps in the availability of data (8, 10, 

11).  

 

 

Psoriasis can be classified according to age of onset, disease severity, pattern of distribution 

including anatomical site, morphology and whether it is stable or unstable. The diagnosis is 

first and foremost clinical. The disease can be divided into the following clinical phenotypes: 

1) plaque psoriasis, 2) guttate psoriasis, 3) pustular psoriasis and 4) erythrodermic psoriasis. 

Inverse and nail psoriasis can be classified as separate phenotypes, as patients can present 

with lesions only on these anatomical sites. However, these sites are often also affected in the 

previously mentioned clinical phenotypes. Plaque psoriasis or psoriasis vulgaris is the most 

common form of psoriasis, presenting as pink or red plaques of different sizes and 

thicknesses. Guttate psoriasis has an acute onset and presents with droplet-like lesions less 

than 1 cm in diameter. It is more common in children and young individuals following 

streptococcal infection or upper respiratory tract infection, but even psoriasis vulgaris can 

worsen following infection or other stressful situations. Having guttate psoriasis, which is 

often self-limiting, increases the risk of developing plaque psoriasis, either in association with 

the guttate episode or later in life. Pustular psoriasis can be localised or generalised and 

presents as sterile pustules on an erythematous base. Palmoplantar pustulosis is a form of 

localised pustular psoriasis. Erythrodermic psoriasis presents as generalised erythema 

involving the majority of the skin surface and is often a presentation of the worsening of  

previously known psoriasis. Besides the importance of identifying the phenotype of psoriasis, 

assessing disease severity is meaningful with regard to the selection of treatment and  
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follow-up. There are different ways of evaluating disease severity and one of them is the 

Psoriasis Area Severity Index (PASI). The PASI is currently the most appropriate instrument 

for grading psoriasis. It combines an evaluation of the severity of the skin lesions, with regard 

to infiltration, erythema and scaling, together with the distribution of the disease (12, 13). The 

PASI is presented as a number between 0-72, where a higher count indicates more severe 

psoriasis. The classification of the severity of psoriasis has changed and, at the present time 

(9), a PASI of less than 3 is interpreted as mild disease, PASI 3-10 as moderate disease and a 

PASI of more than 10 as severe disease. It should be mentioned that quality of life assessed 

with the Dermatology Life Quality Index (DLQI) is also a part of the holistic assessment of 

disease severity. 

 

 

Psoriasis is a multifactorial condition where interaction between genetic susceptibility and 

environmental and epigenetic factors is fundamental regarding the risk of developing the 

disease (Figure 1). The exact cause of psoriasis is, however, still unknown, but different 

environmental and epigenetic factors may contribute differently to the different psoriasis 

phenotypes. 

 

 

 
 

 
Figure 1. Aetiological factors in psoriasis. 
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In psoriasis, familial recurrence is well documented and disease concordance is higher in 

monozygotic than in dizygotic twins (14, 15). Genetic studies have identified more than 60 

psoriasis susceptibility loci, but all the underlying genes have not been definitely identified 

(16). Linkage analyses have identified chromosomal loci, Psoriasis Susceptibility (PSORS)  

1-9 regions, where evidence of a linkage to psoriasis has been found in PSORS1 loci but also 

in PSORS 2 and PSORS4.  Major histocompatibility complex (MHC) antigens are associated 

with psoriasis and the strongest association appears to be with the human leukocyte antigen 

(HLA)-Cw6 locus in PSORS1 (17). 

 

In the PSORS2 region, mutations in the caspase recruitment domain family member/CARD14 

gene, which encodes an adaptor protein highly expressed in keratinocytes, have been 

identified. These CARD14 mutations cause constitutive nuclear factor-kappa beta (NF-κB) 

activation and therefore enhanced production of pro-inflammatory cytokines (18, 19). 

 

In the Epidermal Differentiation Cluster (EDC) in PSORS4, there are genes encoding proteins 

involved in terminal keratinocyte differentiation. The deletion of the EDC genes, late 

cornified envelope (LCE) 3B and 3C, has been found to be strongly associated with psoriasis 

(20).  

 

The loss of function mutations in the IL-36 receptor antagonist gene, IL36RN, lead to 

uncontrolled IL-36 signalling by abolishing the inhibitory activity of the gene. These 

mutations are associated with generalised pustular psoriasis (21, 22). 

 

Furthermore, certain polymorphisms in genes coding for major role players in the innate 

immune responses, the inflammasome sensor proteins, NACHT, LRR and PYD domain-

containing proteins (NLRP) 1 and 3, have been associated with psoriasis susceptibility and 

pathogenesis (23, 24). 

 

 

 

 

 



Introduction 
 

19 
 

 
As previously mentioned, the concordance of psoriasis in monozygotic twins is higher than in 

dizygotic twins. Studies have shown a concordance in monozygotic twins of between 36-64% 

(14, 25). This discordance suggests the possibility that epigenetic modifications, which have 

been identified in psoriasis, could affect initiation and the phenotype of the disease. 

Epigenetic modifications are potentially hereditary and include the regulation of gene 

expression extrinsic to DNA sequence by DNA methylation, histone modification and non-

coding RNA. These modifications are also potentially reversible, making them highly 

interesting from the angle of possible therapeutic approaches. The epigenetic modifications 

found in psoriasis affect keratinocyte proliferation and differentiation, innate immune 

mechanisms, cytokine expression and the function of T regulatory cells (26-29). 

 

 

 
In psoriasis, interaction between environmental and genetic factors has been shown in 

connection with smoking and obesity. Moreover, it has been suggested that environmental 

factors induce epigenetic modifications and thereby affect gene expression leading to clinical 

manifestation (30). 

 

Exogenous stimuli, such as trauma, infections, smoking, alcohol, drugs and psychogenic 

factors, have been linked to psoriasis and are implied to be trigger factors, with regard to both 

the initiation of the disease and progression but also to the aggravation of a pre-existing 

disease. Skin injury in any form, mechanical trauma or infectious agents, disrupting the skin 

barrier, induces inflammatory responses that could initiate psoriasis. The epidermal 

keratinocytes recognise mechanical trauma as danger-associated molecular patterns (DAMPs) 

and infectious agents as pathogen-associated molecule patterns (PAMPs) through toll-like 

receptors (TLR) and inflammasome complexes (31). Infections with β haemolytic 

streptococcus, especially throat infections, are related to the initiation and recurrence of 

guttate psoriasis, the progression of guttate psoriasis to the chronic plaque form and the 

exacerbation of chronic plaque psoriasis (32-36). Moreover, it has been proposed that 

intestinal microbiota could affect the initiation of psoriasis disease (37). Smoking is 

overrepresented in psoriasis patients and has been suggested as a risk factor for psoriasis (38). 
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The reason is not known, but, apart from nicotine, cigarettes contain many toxins and 

smoking increases oxidative stress (39). A relationship has been observed between carrying 

the HLA-Cw6 gene and smoking in psoriasis patients (40). Furthermore, nicotine binds to the 

nicotinic acetylcholine receptor (nAChR) and the nAChR pathway is able to regulate 

keratinocyte and T-cell function (41). As with smoking, alcohol is also suggested as a risk 

factor for psoriasis and alcohol-associated diseases are overrepresented in patients with 

moderate to severe disease (42). Chronic alcohol consumption may stimulate inflammatory 

responses in contrast to acute alcohol consumption. Alcohol intake correlates positively with 

inflammatory markers, Tumour necrosis factor-alpha converting enzyme (TACE) and soluble 

tumour necrosis factor receptor type I (sTNFR1), indicators of tumour necrosis factor alpha 

(TNF-α) mediated inflammation (43). In addition, ethanol has been shown to affect 

keratinocyte proliferation in in-vitro models (44).   
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In the pathogenesis of psoriasis, both the innate and the adaptive immune mechanisms are 

involved. The inflammatory infiltrate in psoriatic skin is composed of dendritic cells (DCs), 

neutrophils, macrophages and lymphocytes. The inflammation is driven by cytokines and 

chemokines. According to the model of psoriasis pathogenesis, psoriasis evolution starts with 

an injury to the keratinocytes. The keratinocytes then initiate an immune response through the 

release of self-DNA and the production of antimicrobial peptides (AMPs), chemokines and 

cytokines (45).  
 

Keratinocytes and DCs are the hallmark of the initiation and early inflammatory phases of 

psoriasis. Keratinocyte-derived chemokines and cytokines are important for the recruitment of 

leukocytes, e.g. neutrophils. Different subsets of DCs play a role in psoriasis pathogenesis. 

They are plasmacytoid dendritic cells (pDCs), myeloid dendritic cells (mDCs) and 6-sulpho 

lacNAc+ dendritic cells (SlanDCs). Plasmacytoid dendritic cells are recruited by the 

chemokine, chemerin, produced by dermal fibroblasts, endothelial cells and mast cells. 

Injured keratinocytes release DNA (self-DNA) and the cathelicidin-derived antimicrobial 

peptide LL-37.  Complexes of DNA-LL-37 or RNA-LL-37 activate pDCs, through different 

TLRs, which in turn release interferon (IFN) α. IFN-α, but also RNA-LL-37 complexes, 

activate dermal mDCs (46, 47), (Figure 2a). 

 
Figure 2a. The initiation phase in the pathogenesis of psoriasis. 
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Dermal mDCs release TNF- α, which induces the expression of cyto- and chemokines and the 

upregulation of adhesion molecules, and inducible nitric oxide synthase (iNOS), which leads 

to vasodilation, inflammation and antimicrobial effects. The mDCs also migrate into the 

draining lymph nodes where they induce the differentiation of naive T cells into T helper (Th) 

17 cells, type 17 T cytotoxic cells (Tc17), Th1 or Tc1 cells. These circulate to the skin and 

further affect the cytokine milieu. The mDCs produce the cytokines IL-12, which leads to a 

Th1 response with IFN-γ production and IL-23 which leads to a Th17 response with IL-17 

and IL-22 production. The SlanDC potentiates the activity of neutrophils and natural killer 

(NK) cells and also induces Th1 and Th17 responses (48), (Figures 2b and 2c). 

 

 
 
Figure 2b. The early inflammatory phase in psoriasis plaque formation. 
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In psoriasis, the lesional skin contains an abundance of T cells, mainly activated memory T 

cells but also activated Th1, Th17, Tc1 and Tc17 cells (49, 50). The different T cell subsets 

produce different cytokines such as TNF-α, IFN-γ, IL-17, IL.22 and IL-21 but also IL-10 and 

IL-4. The T cells mark the adaptive immune response and, in combination with an ongoing 

innate immune response, represent the second phase of the inflammatory reaction. The 

cytokines T cells produce, further affect the keratinocytes that respond with a change in 

intracellular signalling, leading to hyperplasia and disordered differentiation (Figure 2c). 

 

 

 

Figure 2c. The late inflammatory phase in psoriasis plaque formation. 
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A great deal of interest has focused on the adaptive immune system in psoriasis, with respect 

to both pathogenesis and treatment. However, possible treatments targeting early events in 

psoriasis pathogenesis, such as TLRs, are emerging (51). Other pattern recognition receptors 

(PPRs) like inflammasomes are also potential treatment targets. Inflammasomes are 

multiprotein cytoplasmic complexes with a central role in the innate immune response, 

consisting of a central scaffold and sensor protein, adaptor protein (ASC) and effector protein 

(caspase-1/5). They are abundantly expressed in macrophages and DCs. These proteins 

assemble upon sensing PAMPs or DAMPs which leads to an inflammatory response, 

resulting in IL-1β and IL-18 production. (Figure 3). The inflammasome sensor proteins NLRP 

1 and 3 are expressed in psoriatic skin and certain polymorphisms in their respective gene 

have been associated with psoriasis susceptibility and pathogenesis (23, 24). Furthermore, an 

increase in expression in absent in melanoma 2 (AIM2), a cytosolic DNA sensor and part of 

an inflammasome, has been observed in keratinocytes in psoriatic lesions (52). In mice, 

constitutive IL-1β activation or the lack of an IL-1 receptor antagonist results in a Th17 

response and psoriasis phenotype (53, 54). In psoriatic lesions, an increase in IL-18 

expression has been demonstrated which significantly diminished after treatment (55). IL-18 

can cause Th1 polarisation and synergise with IL-23 to induce IL-17 production (56, 57). 

 

 
Figure 3. Inflammasome activation. (The picture has been modified with permission from Cecilia 

Bivik Eding). 



Introduction 
 

25 
 

The cytokine network in psoriasis is complex, involving many cytokines that work in 

autocrine and paracrine fashion, while some have synergic effects. Cytokines induce 

inflammatory signals and the production of chemokines, a subfamily of cell signalling 

cytokines. Cytokines and chemokines, together with DCs, form a link between the innate and 

adaptive immune mechanisms. In psoriasis, cytokines and chemokines act on the 

keratinocytes to promote inflammatory and antimicrobial responses but also on local 

fibroblasts, immune cells and endothelial cells. This leads to the increased recruitment of 

immune cells to the skin, a manifestation of the changes seen in psoriatic skin (disturbed 

keratinocyte differentiation, hyperproliferation and angiogenesis) and the maintenance of 

inflammation (58).  

 

Many cytokines are involved in psoriasis (Table 1). IFN, α and β, play a role in the initiation 

of psoriasis pathogenesis. IFN-α, a type I IFN, is secreted by pDCs in early psoriasis, as 

previously described. IFN-γ, a type II IFN, is an important immunoregulator, affecting the 

maturation and activation not only of T cells, macrophages and NK cells but also of B cells, 

endothelial cells and fibroblasts. Furthermore, it increases the expression of MHC class I and 

II molecules on antigen-presenting cells and of intercellular adhesion molecule (ICAM)-1 on 

keratinocytes (59, 60). 

The IL-1 family of cytokines is important in the early pathogenesis of psoriasis. The IL-1 

isoforms, IL-1α and IL-1β, are expressed in healthy epidermis as pro-proteins with different 

means of activation. When secreted, the function of the isoforms is similar (61). Sources of 

IL-1 in psoriasis are keratinocytes, monocytes or macrophages, fibroblasts, activated 

endothelial cells and Langerhans cells (62). In healthy skin, IL-1α is mainly active, but in 

psoriatic skin, IL-1β becomes more prominent and increased levels of IL-1β in both the skin 

and peripheral blood mononuclear cells (PBMCs) have been observed (63). IL-1β induces a 

Th17 response in psoriasis but also stimulates the upregulation of antimicrobial responses and 

the expression of adhesion molecules such as ICAM 1 and vascular cell adhesion molecule 

(VCAM) 1. The severity of the disease has been shown to be reflected in IL-1β secretion from 

PBMCs (64). 
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Another member of the IL-1 family, IL-18, stimulates the recruitment of DCs (65). 

Upregulation has been demonstrated in psoriatic lesions (66) and in the blood of psoriasis 

patients (67, 68). It has been proposed that IL-18 exert its effects in psoriasis through, both, 

IFN-γ and pathways independent of IFN-γ, the latter then indicating a role for IL-18 in early 

psoriasis. IFN-γ increases the Th1 response, but, interestingly, IL-18 is able to induce IL-4 

and IL-13 production by both innate cells, such as NK cells, mast cells and basophils, and by 

T cells (69). Further, IL-18 is able to synergise with IL-23 to induce the production of IL-17 

(56, 57). The IFN-γ independent pathways include the induction of chemotaxis in pDCs and 

angiogenesis (70, 71).   

IL-36 also belongs to the IL-1 family of cytokines. The IL-36 receptor is expressed on human 

epithelial and antigen-presenting cells. IL-36 leads to the upregulation of AMPs and 

chemokines, such as CXCL8, CCL20, CCL17 and CCL22, by keratinocytes and the 

activation of antigen-presenting cells. All the IL-36 receptor agonists, IL-36α, IL-36β and IL-

36γ, have been demonstrated in psoriatic lesions, where IL-36γ has been shown to correlate 

with disease severity (72-74).   

Psoriasis-associated genetic polymorphisms have been found in both cytokines and receptors 

of the members of the interleukin (IL) 12 family of cytokines, IL-12 and IL-23 (75). The 

IL12p40 and IL23p19 subunits are increased in psoriatic lesions (90). IL-12 induces the IFN-γ 

producing cells and affects cutaneous lymphocyte-associated antigen (CLA) expression on 

memory T cells (76). IL-23 stimulates and affects the maintenance of Th17 cells (77). 

Tumour necrosis factor alpha, TNF-α, is a central cytokine in inflammation. Interestingly, 

TNF-α per se is not sufficient to elicit a substantial response in cultured keratinocytes but 

synergises with other cytokines. For example, it induces the effects of IL-17A and is able to 

stimulate the upregulation of the IL-17 receptor by keratinocytes (78, 79), but IL-17 plays a 

major role in psoriasis pathogenesis. IL-17 has been shown to be upregulated in the skin and 

blood of psoriasis patients (80, 81) and to be involved in the activation of innate cells. It also 

has regulatory effects on the chemokine and adhesion molecule expression of keratinocytes 

(82). The IL-17 family of cytokines includes the IL-17A-F isoforms. Furthermore, five 

receptors, IL-17RA- IL-17RE, are included in this family of cytokines (83). IL-17A is a key 

cytokine in psoriasis, but IL-17F is also known to play a role. These two cytokines bind to the 

same IL-17RA and IL-17RC receptor complex (84). There is a study reporting the stronger 

expression of IL-17C in psoriatic lesions than of IL-17A (85).  IL-17C appears to be mainly 
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expressed by keratinocytes in lesional skin (85), but IL-17A is produced by innate immune 

cells, such as neutrophils, mast cells, NK cells, γδ T cells and innate lymphoid cells (ILCs) 

(86-88). As with TNF-α, IL-17 itself may be insufficient to induce a significant inflammatory 

response and potentiates its effects by acting co-operatively or synergistically with other 

cytokines like TNF-α, IL-1β, IL-6, IL-23 and TGF-β (89-91). 

 

IL-22 is a cytokine which belongs to the IL-20 subfamily of the IL-10 family cytokines. 

Elevated levels of IL-22, mainly expressed by T cells and ILCs, have been detected in the 

skin and plasma of psoriasis patients. IL-22 synergises with cytokines such as TNF-α, IFN-γ, 

IL-1β and IL-17. Its receptor is expressed on keratinocytes but not on immune cells and its 

primary effects are epidermal alterations seen in psoriasis, epidermal hyperplasia and 

disturbed differentiation, together with the upregulation of AMPs (92-96). 

 

Chemokines are small molecular weight cytokines that represent a large group of chemotactic 

proteins that play a critical role in leukocyte trafficking. Chemokines also have non-

trafficking functions, such as effects on lymphocyte proliferation and function and 

granulocyte release (97, 98). Furthermore, chemokines have non-immunological effects, such 

as promoting tumorigenesis through effects on angiogenesis, cell growth and apoptosis (99). 

Chemokines interact with cell-surface receptors which are members of seven-transmembrane 

domain G-protein-coupled receptors.  They are grouped into four families based on the 

arrangement of the N-terminal cystein residues, C (XCL), CC (CCL), CXC (CXCL) and 

CX3C (CX3CL) (100, 101). The chemokine receptors have a certain chemokine specificity 

profile, most binding to more than one chemokine but restricted to one structural group of 

chemokines (100-102). The different chemokines also have a particular receptor specificity. 

Almost all chemokines are chemotactic agonists, but they can have both agonist and 

antagonistic effects because of their ability to bind to more than one chemokine receptor. At 

present, 24 subtypes of human chemokine receptors and 44 human chemokines have been 

recognised (103). 

The chemokines and their receptors that have been shown to be implicated in psoriasis 

include the IFN-γ-inducible CXCL 9, 10 and 11 ligands to CXC receptor (CXCR) 3 expressed 

on dermal CD3+ lymphocytes (104), the CXCL16 (105, 106) ligand to CXCR6 (107), the IL-

23 inducible CCL 20, also a ligand to CXCR6 expressed on Th17 cells (108) and epidermal 
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Langerhans cells (54), and the IL-17-inducible CXCL8 ligand to CXCR1 and CXCR2 (101) 

(Table 1). Chemokines are also important factors in controlling vascular inflammation (109) 

which is interesting in the context of psoriasis, as the disease is associated with other diseases 

and an increase in mortality, as further discussed later on.   

 

 

Table 1. Important cytokines and chemokines in psoriasis. 

Cytokine Chemokine 

 

IFN-α 

 

CXCL9 

IFN-γ   CXCL10 

TNF-α   CXCL11 

IL-1β CXCL8 

IL-18   CXCL16 

IL-12                         CCL20 

IL-23  

IL-17  

IL-22  

IL-36  
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Co-morbidities in psoriasis, such as cardiovascular disease, obesity, metabolic dysregulation, 

liver disorders and depression (Figure 4), are well recognised and have actually been observed 

in psoriasis for decades. The first publication describing the association with diabetes mellitus 

of which the author is aware dates from 1897 (110). A paper by Benton et al. (111), published 

in The Lancet in 1963, states: 

 

 

 
The authors discuss a study showing increased lipids in the lesions of psoriasis and conflicting 

studies of serum-cholesterol in psoriasis. They then report their own data where no 

differences in serum cholesterol were seen between 176 psoriasis patients and controls 

matched for age, gender and body weight. Furthermore, in 1973, a four-year retrospective 

observation was presented in which 11.5% of hospital-treated psoriasis patients had had one 

or more episodes of occlusive vascular disease (112). The topic is still being discussed and the 

exact relationship between psoriasis and its co-morbidities still remains to be elucidated. 

 

There is evidence that, in psoriasis, there is a systemic inflammation that further affects other 

organs. Inflammation is also a key contributor to the pathogenesis in many of the co-

morbidities associated with psoriasis. Shared inflammatory pathways have been suggested as 

a possible explanation for these observations. It remains uncertain, however, whether the 

systemic inflammation in psoriasis patients reflects the disease activity in the skin and 

whether many of the associated diseases in psoriasis patients are related to an ongoing 

systemic inflammation due to the disease itself rather than other factors. In an animal model, 

psoriasis skin inflammation triggered aortic root changes which were ameliorated when the 

skin inflammation was treated, suggesting that skin inflammation alone could be the only 

factor driving cardiovascular changes in psoriasis (113). Furthermore, changes in activation 

patterns in the insulin signal pathway have been documented in psoriatic lesions, leading to 

insulin resistance in the skin affecting the normal differentiation of keratinocytes (114). 

Boehncke et al. have presented the concept of “The psoriasis march”, which suggests that the 

skin contributes to the systemic inflammation in psoriasis. The inflammation can then induce 

insulin resistance, followed by endothelial dysfunction, which increases the risk of 

cardiovascular disease (115). Psoriasis patients with mild and moderate to severe psoriasis in 

“The cause of psoriasis remains unknown; but for many years it has been thought by some to 
be a disorder of metabolism, and fat metabolism has been most often incriminated.”. 
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the skin but otherwise asymptomatic have been shown to have subclinical, vascular and 

visceral inflammation (116, 117). 

 

 

 

Obesity is overrepresented in psoriasis patients (118, 119). It is uncertain whether obesity is a 

risk factor for psoriasis or psoriasis contributes to becoming obese because of ongoing 

inflammatory mechanisms or psychological effects of the disease and patient studies have 

shown controversial results (120-122). Obesity is associated with a state of chronic low-grade 

inflammation, mediated in part by macrophage infiltration into adipose tissue and an increase 

in the expression and secretion of pro-inflammatory cytokines, adipokines (123). Some of 

these cytokines are the same as those produced in the psoriatic plaque, whereas others are 

more restricted to the adipose tissue. In studies of obese mice, Th17 cells have been shown to 

infiltrate the adipose tissue, producing IL-17 and promoting inflammation (124, 125). 

Adipokines exert effects on insulin regulation, glucose and lipid metabolism and coagulation 

mechanisms (126). They play a role in the pathogenesis of insulin resistance which is thought 

to be related to endothelial dysfunction, an existing condition in psoriasis patients and 

predisposing for the development of atherosclerosis (115). It has been demonstrated that the 

adipokine, visfatin, enhances chemokine production consistent with the Th1 and Th17 

response in human keratinocytes. Furthermore, it has been shown that patients with severe 

psoriasis have an increased expression of visfatin in their blood (127). Other adipokines like 

resistin and leptin can induce the production of inflammatory cytokines such as CXCL8 and 

TNF-α, which are of relevance in the pathogenesis of psoriasis. Resistin has been shown to 

correlate positively with the severity of psoriasis (128). Moreover, increased serum levels of 

the adipokine chemerin have been demonstrated in psoriasis patients (129). Chemerin is 

mainly produced in white adipose tissue, but is also expressed in the skin where it recruits 

pDCs. 
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Psoriasis patients are prone to develop the metabolic syndrome and the risk appears to be 

augmented with increasing psoriasis severity (130). The metabolic syndrome is an entity for 

metabolic dysregulation and includes several factors, an increased waist circumference, 

hypertension or treatment of hypertension, dyslipidaemia and elevated fasting glucose. For 

diagnoses of the metabolic syndrome, three of these five factors must be present, but the 

combination can vary (131, 132). It is unclear how the metabolic syndrome and psoriasis are 

linked. An increase in the incidence of the different components of the metabolic syndrome 

has been independently demonstrated in psoriasis patients. The strongest relationship is 

between psoriasis and obesity (133). The suggested explanations of the association between 

psoriasis and the metabolic syndrome include the increased levels of pro-inflammatory 

cytokines observed in obesity, as well as the dysfunction of adipocytes and chronically 

elevated levels of free fatty acids. Furthermore, hyperinsulinaemia also increases the 

adipocyte production of vascular endothelial growth factor (VEGF), also known to promote 

angiogenesis in the psoriatic skin and sustain the chronic skin inflammation (134-136). 

Genetic loci have been identified in patients with the metabolic syndrome and, interestingly, 

they are linked to lipid metabolism. According to assessments of published genome-wide 

association studies (GWAS) of the metabolic syndrome and psoriasis, only two genetic loci in 

psoriasis overlap with those in the metabolic syndrome. Furthermore, the clustering of 

susceptibility genes was separated in the two conditions. This points to the hypothesis that the 

genetic control of the conditions may be independent and some other common factor, such as 

obesity or factors leading to obesity, links them together. On the other hand, the MHC at 

6p21.33 has been found to be common to both psoriasis and the metabolic syndrome, together 

with cardiovascular disease (137). Further, the CDKAL1 gene (CDK5 Regulatory Subunit 

Associated Protein 1-Like 1) has been associated to both psoriasis and diabetes type II (138). 

 

Epidemiological studies of psoriasis patients and the risk of cardiovascular disease have 

revealed an increase in the incidence of major adverse cardiovascular events in psoriasis 

patients, including myocardial infarction and stroke (139-141). A meta-analysis of nine 

observational studies has confirmed that both mild and severe disease are associated with an 

increased risk of myocardial infarction and stroke, although the association is stronger with 

severe psoriasis. Severe disease has also been linked to an elevated risk of cardiovascular 
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mortality (142). In some studies, psoriasis has been observed to be an independent 

cardiovascular risk factor (5, 140, 141, 143). Furthermore, psoriasis patients have been shown 

to have subclinical atherosclerosis and global arterial and subcutaneous adipose tissue 

inflammation (144, 145). The causality is uncertain, but common inflammatory mechanisms 

are one explanation, as discussed previously for the psoriasis co-morbidities in general. 

Genetic studies show only a weak association between psoriasis and coronary heart disease, 

also previously discussed in the context of the metabolic syndrome (137). Like psoriasis, 

atherosclerosis is regarded as a chronic inflammatory disease. These two diseases share 

inflammatory pathways with regard to cell types, cytokine network and angiogenesis. In both 

conditions, both innate and adaptive immune mechanisms with Th1 and Th17 responses are 

involved. At the beginning of the atherosclerosis process, as in psoriasis, pDCs are of 

importance in producing type I IFN (146). The hallmark of early-stage atherosclerosis is foam 

cells. Foam cells are macrophages that have taken up modified lipoproteins, such as oxidised 

low-density lipoprotein (OxLDL), rich in cholesterol esters, conveyed by PPRs. Further, 

reactive oxygen species and growth factors secreted in the tissue stimulate the uptake of 

modified lipoproteins and the proliferation of vascular smooth muscle cells which also are 

capable of accumulating cholesteryl esters. The recruitment of the monocytes to the 

subendothelium, where at least some become macrophages, is facilitated by P-selectins and E-

selectins, together with the adhesion molecules, ICAM-1 and VCAM-1, as in the recruitment 

of immune cells to the skin in psoriasis. Foam cells secrete cytokines and chemokines which 

are critical for their maintenance and disease progression (147). 

Many cytokines and chemokines involved in the pathogenesis of atherosclerosis are also of 

importance in psoriasis pathogenesis. For example, TNF-α is an important effector of vascular 

dysfunction and affects NO expression (148), promotes oxidative stress (149), increases tissue 

factor and suppresses thrombomodulin, thereby leading to an increased risk of thrombosis, 

and upregulates adhesion molecules like VCAM-1, ICAM-1, E-selectin and matrix 

metalloproteinase (MMP) 9. TNF-α exerts its effects by increasing the gene expression of 

various cytokines and chemokines either directly or by activating transcriptional factors such 

as NF-κB (150). Moreover, the cytokines IL-6, IL-8 and IL-17 have been observed at 

increased levels in vascular disease (151) and, as in psoriasis, TNF-α and IL-17 enhance the 

upregulation of cytokines synergistically.  

In the atherosclerotic plaque, the T-cell differentiation is skewed towards a Th1 and Th17 

response, as in the psoriatic plaque. In Th1 cells, oxLDL induces IFN-γ production (152), 
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which in turn stimulates foam cell formation and maintenance (153, 154). IFN-γ induces 

CXCL10 and ICAM-1 expression (155, 156), which is important for the recruitment of 

immune cells. Moreover, activated Th1 cells in the intima induce the expression of the CD40 

ligand, which facilitates the ligation of CD40 on antigen-presenting cells and the release of 

matrix-degrading metalloproteinases (157, 158). Th17 cells and IL-17 have been 

demonstrated in early atherosclerotic plaques. IL-17, together with IFN-γ, has been shown to 

activate vascular smooth muscle cells through IL-6, CXCL8 and CXCL10 (159). Th22 cells 

are also implicated in atherosclerosis (160, 161), as in psoriasis.  

In conclusion, psoriasis and atherosclerosis are two inflammatory diseases where the barrier 

between the tissue and its environment, the endothelium and the skin epithelium, becomes 

dysfunctional via trigger factors, leading to the activation of the immune system by cell 

recruitment and cytokine and chemokine production. In atherosclerosis, the foam cells, and, in 

psoriasis, the keratinocytes and neutrophils play a critical part in maintaining inflammation 

and enhancing plaque formation in both diseases. 

 

Non-alcoholic fatty liver disease (NAFLD), the most common liver disease worldwide, is 

overrepresented in psoriasis patients (162). NAFLD, like psoriasis, is also associated with 

other diseases including the cardiovascular system. NAFLD affects the regulation of 

metabolic and immunological pathways. One common feature in the pathogenesis of NAFLD 

and the metabolic syndrome is insulin resistance. Interestingly, nearly 50% of psoriasis 

patients have been found to have NAFLD, even after adjusting for metabolic factors and other 

possible confounders (163). Furthermore, experimental studies have demonstrated more 

severe induced skin inflammation in mice with NAFLD than in control mice (164). This 

points to shared mechanisms for psoriasis and NAFLD as well. Both diseases are associated 

with obesity which contributes to insulin resistance, possibly via the release of both pro-

inflammatory cytokines and non-esterified fatty acids. These fatty acids are thought to 

promote liver injury by increasing oxidative stress and activating inflammatory pathways in 

the liver, a key regulator of glucose metabolism and a substantial source of many 

inflammatory and coagulation factors. Pro-inflammatory cytokines produced in psoriatic skin, 

for example, IL-6, TNF-α and IL-17 are also produced by the inflamed liver, together with  

C-reactive protein (CRP), plasminogen activator inhibitor 1(PAI-1), fibrinogen and others 

(165). The inhibition of IL-17 in a mice model of cholestatic liver fibrosis, was linked to 
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significant improvements in liver function, decreased hepatocellular necrosis and 

inflammation (166). 

 

Psoriasis can have substantial psychosocial effects and affects quality of life (167, 168). It is 

therefore not unexpected that depression is overrepresented in psoriasis patients (169).  

Stigmatisation and physical symptoms may not only be to blame, as pro-inflammatory 

cytokines have been found at higher levels in depressed individuals (170-172). Furthermore, 

in an animal model of depression, inhibiting Th17 cells was associated with diminished 

vulnerability to depression-like behaviour (173).  

 
 

 

 
Figure 4. Co-morbidities in psoriasis. 
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The characterisation of systemic inflammation in psoriasis is important to understand the 

extent of the disease and aid in better management. Biomarker research and investigating 

different aspects of the immune system in psoriasis are therefore extremely interesting. A 

biomarker can be a marker of susceptibility to a disease but also of the activity, severity and 

prognosis of the disease, together with treatment response. According to the US National 

Institutes of Health, the definition of a biomarker or a biological marker is (174): 

 
“A characteristic that is objectively measured and evaluated 
as an indicator of normal biological processes, pathogenic processes, 
or pharmacologic responses to a therapeutic intervention.”. 

 

Biomarkers can be genetic markers and patterns of gene or protein expression in different 

tissues. Furthermore, imaging, such as ultrasound, isotopes, positron emission 

tomography/computed tomography (PET/CT) and magnetic resonance imaging (MRI), can be 

a type of biomarker. Biomarkers that can be measured in peripheral blood, e.g. soluble 

biomarkers, are of interest, as a blood test is often more quantitative and can be more effective 

with regard to availability and overall costs and comfort for a patient.   

 

With regard to the polygenicity of psoriasis, a relevant biomarker might be different for 

different psoriasis patients who can theoretically have different subtypes of the disease, 

despite having the same disease presentation in the skin. This calls for the evaluation of 

different potential biomarkers, chosen according to the different aspects of the disease 

pathogenesis. 
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The general aim of this thesis was to investigate markers of inflammation and cardiovascular 

disease in psoriasis to obtain an improved understanding of the disease pathogenesis to aid in 

the search for a biomarker. 

 

 

The specific aims of the studies presented in the included papers, I-IV, were: 

 

I. To investigate circulating chemokines as possible markers of systemic inflammation 

in patients with psoriasis and the effects of narrowband ultraviolet B (NB-UVB) 

treatment on the potential systemic inflammation. 

 

II. To measure markers of cardiovascular disease in psoriasis patients and study the effect 

of body weight on these markers. Furthermore, to evaluate whether NB-UVB therapy 

and systemic treatment affect the levels of these markers differently. 

 

III. To further explore the systemic inflammation in psoriasis from the perspective of 

endothelial dysfunction, adipocyte contribution and soluble immune receptors.  

Furthermore, to evaluate the effects of NB-UVB treatment on the levels of these 

markers. 

 
IV. To characterise the systemic expression of inflammasomes in psoriasis. Further, to 

explore whether IL-17, a key cytokine in psoriasis, could affect the expression and 

activity of these components in the skin and the blood. 
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Approval for the recruitment of patients was obtained from the regional ethics boards  

(Drn. S594-02, S242-03 and 2010/46-31). Participants gave informed consent and 

principles in accordance with the Declaration of Helsinki were followed.  

 

 

Patients and controls were recruited from three dermatology clinics in Sweden, the 

Departments of Dermatology at Linköping University Hospital, at Sahlgrenska 

University Hospital in Gothenburg and at Karolinska University Hospital in Stockholm 

(Table 2). The diagnosis of psoriasis was verified by a dermatologist in all patients and 

the severity of psoriasis was documented as the PASI. Individuals without inflammatory 

skin disease were recruited as controls. Information about gender and age was 

documented for all individuals. Blood tests were taken from all patients and controls at 

baseline. In patients receiving treatment with NB-UVB or TNF-α inhibitor given by their 

responsible dermatologist, further dermatological examination for PASI evaluation was 

performed and blood tests were taken at the point of assessment of treatment response.  
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Table 2. Total number of patients and controls recruited from the different  
dermatology centres. 

 

Dermatology centre 

 

Number of 

patients 

 

Number of 

controls 

 

Linköping University Hospital 

 

71 

 

50 

 

Karolinska University Hospital 

 

20 

 

0 

 

Sahlgrenska University Hospital 

 

14 

 

14 

 

Total number of patients/controls 

 

105 

 

64 

 

At the Department of Dermatology at Linköping University Hospital, a total of 71 

patients with psoriasis were enrolled for the studies. Information about the debut of the 

disease, joint symptoms, smoking, alcohol use, other co-existing health conditions, 

medication and family history was retrieved. Nails were then inspected and nail changes 

documented. The inspection of joints was carried out as needed. Furthermore, blood 

pressure was measured and weight and height, together with waist, and hip 

circumference, were documented to calculate body mass index (BMI) and waist: hip ratio 

(WHR). Blood samples were taken at baseline for the quantification of the markers to be 

investigated and more clinically used parameters including lipid profile (total cholesterol, 

triglycerides and apolipoproteins A1 and B), blood sugar, CRP, sedimentation rate and 

complete blood count. A total of 50 controls were enrolled (Studies I-IV) and information 

regarding the same variables as for the patients, was documented (Studies I-III). For 

patients and controls participating in Study IV, only information about height and weight 
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for calculating BMI was retrieved and measurements of the clinically used parameters 

were not made.  

 

A total of fourteen patients and fourteen controls were recruited from the Department of 

Dermatology at Sahlgrenska University Hospital. 

 

A total of twenty patients receiving systemic treatment with TNF-alpha inhibitor were 

recruited from the Department of Dermatology at Karolinska University Hospital.  

 

 

 

Blood samples for the analysis of clinical markers were collected in gel-containing, lithium-

heparin-coated plasma tubes to determine total cholesterol, triglycerides and apolipoproteins 

A1 and B, together with CRP, FC mixture (citrate, sodium fluoride and EDTA-Na2)-

containing tubes to determine blood glucose levels, sodium citrate-containing tubes to 

determine the sedimentation rate and EDTA-K2-containing tubes to determine the complete 

blood count. These samples were collected according to the standard recommendations of the 

Department of Clinical Chemistry at the University Hospital in Linköping, Sweden, where 

they were analysed. 
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A multi-analyte profiling immunoassay using Luminex technology was used for the 

quantification of biomarkers. This is a bead-based assay in which polystyrene non-

magnetic or magnetic microspheres are coated with a capture antibody to a desired 

analyte. Each microsphere set has a unique fluorescent signature, making it possible to 

evaluate multiple analytes in one assay. The microspheres are added to the biological 

sample, followed by the addition of detection antibodies and reporter dye. The proportion 

of bound reporter dye depends on the analyte concentration in the original biological 

sample. 

 

Blood samples were collected in sodium-heparin-coated cell preparation tubes, CPTTM 

tubes (Vacutainer®, Becton Dickinson, Stockholm, Sweden), containing a FicollTM 

HypaqueTM cushion for the isolation of plasma and PBMCs or in serum tubes with clot 

activator (Terumo Europe, Västra Frölunda, Sweden) for the isolation of serum. Plasma 

and serum were stored at -80°C until analysis. 

 

Multi-analyte profiling was conducted with Milliplex®MAP kits (Millipore Corporation, 

Billerica, MA, USA) on plasma or serum, according to the manufacturer’s instructions.  

Data collection was performed on a Luminex 200 instrument (Biosource, Nivelles, 

Belgium) using xPONENT software (Luminexcorp, Austin, TX). The obtained data were 

analysed in StarStation 3.0 (Applied Cytometry, Sheffield, United Kingdom) or 

MasterPlex QT (MiraiBio, Alameda, CA). 
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Peripheral blood mononuclear cells (PBMCs), neonatal human epidermal keratinocytes 

(HEKn) and whole blood were used in cell cultures and stimulations in Studies I and IV.   

PBMCs were treated for 24 hours with lipopolysaccharides (LPS, 100 ng/mL) or cultured for 

72 hours in plates coated with mouse monoclonal anti-human CD3 antibody (5 µg/mL) with 

the addition of rat monoclonal anti-human CD28 antibody (5 µg/mL).   

 

HEKn were cultured in EpiLife medium supplemented with 1% EpiLife defined growth 

supplement (EDGS), 0.06 µM CaCl2, 1% Amphotericin B and 1% penicillin/streptomycin.  

The cells were treated with IL-17 (10 ng/mL), in combination with TNF-α (10 ng/mL), for 24 

and 48 hours.

Peripheral blood was collected in EDTA-containing vacutainer tubes. Immediately after 

collection, the blood was treated with IL-17 (200 ng/mL) and TNF-α (10 ng/mL) for one 

hour at 37°C before further processing for the caspase 1 assay. 
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Quantitative real-time (RT) polymerase chain reaction (PCR) is a method to quantify gene-

specific mRNA expression (175). It unites the polymerase chain reaction with the use of 

fluorescent reporter molecules. The amplification of products during each cycle of the 

reaction is followed, in real time. First, RNA extraction of the test samples must be carried 

out. Complementary DNA (cDNA) is then synthesised by the reverse transcription of mRNA.  

The detection of DNA can be specific, using the fluorescent reporter probe method, or non-

specific, using double-stranded (ds) DNA-binding dyes that emit fluorescence when bound to 

dsDNA in general. When using non-specific DNA detection, as in Study IV, dissociation 

curves are used to ensure the absence of non-specific products. Furthermore, a housekeeping 

gene is used as an internal control for correcting minor variations in cDNA quantity between 

samples. The PCR reaction consists of four phases, the lag phase, the logarithmic (log) phase, 

the retardation phase and, lastly, the stationary phase.  In the log phase, a fluorescence signal 

above the background level becomes measurable with the exponential increase in 

amplification product with a doubling in every cycle (assuming 100% efficacy) of the reaction 

(176, 177). 

 

In Study IV, RNA extraction was accomplished using an RNeasy mini kit (Qiagen, Hilden, 

Germany). The concentration and purity of each RNA sample was quantified with a 

Nanodrop ND-1000 Spectrophotometer. The synthesis of cDNA was accomplished using a 

Maxima First Strand cDNA Synthesis Kit (Thermo Scientific, Fermentas, Vilnius, Lithuania).  

The quantitative real-time PCR was performed with SYBR green PCR Master Mix (Applied 

Biosystems, Foster City, CA, USA) on a real-time 7500HT PCR (Applied Biosystems). The 

sequence-specific primers of the target genes, NLRP1, NLRP3, AIM2, IL-1β, Caspase 5 and 

Caspase 1, and the internal control, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), 

were designed using Primer Express Software version 3.0 (Applied Biosystems). The gene 

expression was normalised to the internal control (GAPDH) using the Ct (2-∆∆Ct) method and 

presented as the fold change relative to untreated controls (178). 
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Immunofluorescence (IF) is a method where antibodies are used to label specific target 

antigens with a fluorescent dye. The technique is based on using specific antibodies 

conjugated directly (primary IF) or indirectly (secondary IF) to fluorescent dyes. In 

primary IF, the antibody binding to the target of interest, the primary antibody is directly 

conjugated to a fluorescent dye, whereas, in secondary IF, an antibody recognising the 

unlabelled primary antibody is conjugated to the fluorescent dye. 

 

In Study IV, secondary or indirect IF was used to assess protein production in the HEKn 

cell cultures. 

 

Keratinocytes were fixed in 4% formaldehyde and permeabilised with 0.1% saponin. The 

cells were then incubated with the primary IL-1β, NLRP3 antibody or NLRP1 at 4°C 

over night. The secondary Alexa Fluor 488 conjugated goat antibody was then added. 

Nuclei were counterstained with DAPI (4’, 6-diamidino-2-phenylindole). Negative 

controls were only incubated with the secondary antibody. Staining was analysed in an 

AxioVert.A1 Microscope (Zeiss, Oberkochen, Germany). 

 

 

 

Flow cytometry is a technique (179) that facilitates the simultaneous analysis of multiple 

parameters regarding the physical and chemical characteristics of different particles, e.g. 

cells, at the same time. It is used for cell counting, cell sorting, identifying cell subsets, 

stage of cell differentiation or activation and clonality and intracellular evaluations of 

proteins. Different physical characteristics, such as size and granularity, together with 

fluorescent features, are parameters used to facilitate the analysis of different 

components. 
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The flow cytometry technique is based on the following components. 1) A flow cell, 

where the particles in a specimen are carried in a liquid stream of sheath fluid to enable 

the measurement of the characteristics of a single particle. 2) Light sources, e.g. lasers, 

which generate light signals from the particles. 3) An optical system which directs light 

signals to photodetectors that convert light into electronic signals. 4) A computer system 

linked to the flow cytometer, which analyses the electronic signals.  

 

In Study IV, flow cytometry was used to evaluate the expression of inflammasome 

components and the detection of caspase 1 in different white cell subsets.   

 

 

Fresh whole blood samples were used for the detection of inflammasome expression. 

White blood cells, following red blood cell (RBC) lysis, were incubated for 10 minutes at 

room temperature with antibodies coupled to a fluorochrome for surface staining. The 

following fluorochrome-conjugated antibodies were used: CD14-Pacific Blue, CD16-

APC H7, CD4- PE Cy7, CD8- V500, CD209- PCP Cy5.5 and CD19-FITC. Following 

staining, the cells were fixed for 30 minutes at 4°C and then washed. Intracellular 

staining was performed for 40 minutes at 4°C using antibodies for the respective 

inflammasome components, coupled to a fluorochrome NLRP1-AF700, NLRP3-PE or 

AIM2-AF647. 

 

For the detection of caspase 1 in lymphoid and myeloid populations, whole blood 

samples were first treated with IL-17 (200 ng/ml) and TNF-α (10 ng/ml), as previously 

described. After RBC lysis, staining with CD3-Pacific blue, CD14-APC-Cy7 and CD16-

PE-Cy7 was then carried out. Caspase 1 activity was determined with flow cytometry 

using a caspase 1 FAM-FLICA® kit (ImmunoChemistry Technologies). FLICA® probes 

are non-cytotoxic fluorescent labelled inhibitors of caspases. They bind covalently to 

active caspases. To identify active caspase 1, the FLICA® probe contains the amino acid 

sequence, YVAD, which caspase 1 recognises, between a green fluorescent label, 

carboxyfluorescein (FAM), and a fluoromethyl ketone (FMK). The FAM-YVAD-FMK 
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FLICA® reagent enters each cell and becomes covalently coupled to activated caspase 1, 

after which it is retained within the cell. Unbound FAM-YVAD-FMK FLICA® reagent 

diffuses out of the cell and is washed away during the preparation of the samples. The 

fluorescent signal is a direct measurement of the active caspase-1 enzyme activity present 

in the cell at the time the reagent was added. 

 

All flow cytometric analyses were performed on a GalliosTM flow cytometer (Beckman 

Coulter, LS). The acquisition, that is the collection of data from samples and analyses 

was performed using Kaluza Analys 1.3 software. 

 

To define the cells of interest, the different cell populations were gated depending on the 

known characteristic of the different cell populations regarding expressed antigens, size 

and granularity. Clumps or doublets were eliminated by gating the single cells. 

 

 

In Studies I-III, data were compared using the non-parametric Mann-Whitney U test or 

Wilcoxon’s matched-pairs signed rank test. The Mann-Whitney U test was used when 

comparing data between patients and controls and the Wilcoxon’s matched-pairs signed 

rank test was used when comparing data before and after treatment in the patients. In 

Study IV, an unpaired t test was administered for comparisons. For comparisons of the 

expression of the different inflammasome components in psoriasis patients versus 

controls, the Welch correction was applied. Correlations were determined by Spearman’s 

test. A p value of less than or even up to 0.05 was considered significant. The analyses 

were performed in GraphPad Prism® (GraphPad Software, San Diego, CA). In Study I, 

GraphPad Prism 4.0 was used, in Study II, GraphPad Prism 5.0 was used and, in Studies 

III and IV, GraphPad Prism 6.01 was used.   
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Previous studies have reported increased cytokine levels in the blood of psoriasis patients 

(180). Certain chemokines are increased in psoriatic lesions, as previously discussed. The 

levels of chemokines in peripheral blood are often higher than those of cytokines, making 

them more appropriate for reliable quantification (181) and therefore more appealing for the 

study of systemic inflammation. Chemokines are studied as therapy targets (100, 182), but, 

because many chemokine receptors have more than one ligand and different chemokines can 

bind to different receptors, a further understanding of the chemokine network is required.  

 

In Study I, the systemic levels of Th1-, Th2- and Th17-associated chemokines were studied in 

27 psoriasis patients and age- gender- matched controls. 

 

The Th1-associated chemokines, CXCL 9 and CXCL 10, but not CXCL 11, were elevated in 

the blood of psoriasis patients in comparison to controls. Furthermore, the Th17-associated 

chemokine, CCL20, but not CXCL8, was significantly higher in the psoriasis patients than in 

the controls. These chemokines have been shown to be expressed in psoriatic lesions (104) 

and it could therefore be expected that they would be increased in the peripheral blood of 

psoriasis patients, at least correlated with the PASI. 

 

The expression of CXCL 9, like the expression of CXCL10, has been shown to be confined to 

dermal endothelium and monocytes infiltrating the skin in psoriasis (104, 183), making it 

theoretically likely that they are elevated in the peripheral blood in the disease state. 

Regarding CXCL 11, there is a study showing only the epidermal expression of CXCL11 in 

psoriatic skin (184), which could possibly explain lower systemic levels. Moreover, CXCL 11 

has been shown to exert its effects at much lower concentrations than CXCL 9 and 10 (185). 

Furthermore, there is more similarity between promoter regions and stimuli for CXCL 10 and 

11 than CXCL9 (186) and it can be hypothesised that one of them is more dominant in 

different tissues. CXCL 10 has been shown to antagonise CXCL 9 (187, 188), but these 
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chemokines have also been shown to have synergistic effects (189). It is also important to 

remember that, although these chemokines are all CXCR3 ligands, they can be differently 

regulated and there may be transient differences in their expression in different tissues, e.g. 

blood and skin, in the same disease (190).  

 

CXCL8 or IL 8 is a potent neutrophil chemoattractant and it stimulates the degranulation of 

neutrophils. Neutrophils are important in psoriasis pathogenesis and are prevalent at least in 

early disease or exacerbations. They are found in pustular variants of psoriasis and in plaque 

psoriasis as Munro abscesses. CXCL8 further stimulates angiogenesis and the proliferation of 

keratinocytes which even produce CXCL8. The decreased systemic levels of CXCL8 in  

Paper I possibly reflect that the skin lesion to blood levels ratio for CXCL 8 is high in 

psoriasis. Previous studies of CXCL8 in psoriasis show conflicting data (128, 191-193).  

 

According to the existing knowledge of psoriasis pathogenesis, the elevation of Th1- and 

Th17-mediated chemokines was not unexpected. The elevation of the Th2-mediated 

chemokines, CCL 17 and CCL 22, was more surprising. Psoriasis is seen as Th17- and Th1-

mediated disease, while atopic dermatitis is seen as Th2-mediated disease and it is well 

accepted that the Th1 response antagonises the Th2 response and conversely. However, 

increased CCL17 and CCL22 mRNA levels have been demonstrated in psoriatic lesions 

(104). 
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The levels of the chemokines were measured again after treatment with NB-UVB therapy. 

There were no significant differences in the systemic levels of the respective chemokines 

(Figure 5), despite a significant improvement in the PASI (mean 67%, median 75%).  

 

 

Figure 5. The levels of the Th17 chemokines, CXCL8 and CCL20, the Th2 chemokines, CCL17 and 

CCL22, and the Th1 chemokines, CXCL9, CXCL10 and CXCL11 before and after NB-UVB 

treatment, n=15. 

 

As in another study (194), CCL20 was shown to correlate to the PASI. Interestingly, this 

correlation was lost after NB-UVB treatment. The sustained systemic chemokine levels after 

NB-UVB therapy indicate that there may be sources for the production of the studied 

chemokines other than the psoriatic lesions themselves. The evaluation of these chemokines 

in a group of psoriasis patients receiving systemic treatment with immunomodulatory agents 

or biologics could have been an interesting enrichment to this study. 

The source of the systemic elevation of the chemokines therefore remained unclear. To 

explore whether the peripheral blood immune cells were more reactive to stimuli in psoriasis 

patients than controls, PBMCs from 10 controls and 10 patients before and after UVB therapy 
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were stimulated with LPS or anti-CD3 and anti-CD28 antibodies. LPS was chosen to activate 

antigen-presenting cells, e.g. DCs and monocytes, whereas anti-CD3 and anti-CD28 

antibodies were selected for the antigen-independent activation of T-lymphocytes. Upstream 

cytokines were then measured. Following LPS stimulation, cytokines involved in the innate 

immune mechanisms were quantified, the Th1-inducing cytokine, IL-12p(70), and the Th17-

inducing cytokines, IL-1β and IL-23.  For the evaluation of adaptive immune responses 

following anti-CD3 and anti-CD28 activation, the concentrations of the Th1 cytokine, IFN-γ, 

the Th17 cytokine, IL-17, and the Th2 cytokine, IL-13, were determined. Moreover, after LPS 

and anti-CD3 and anti-CD28 stimulation, both the chemokine, CCL20, and the anti-

inflammatory cytokine, IL-10, were measured. Patients with severe psoriasis are more likely 

to suffer from the co-morbidities linked to the disease and are therefore more likely to possess 

a higher level of systemic inflammation. The patients with the highest PASI in the cohort 

(median = 9.6, range 5.1-16.0) were therefore selected for this experiment. The levels of the 

cytokines were not differently affected by the stimulation of PBMC from psoriasis patients in 

comparison to controls, except for the higher secretion of IL-13 in the patient group. IL-13 

has been referred to as Th2 cytokine, but IL-13 may perform roles other than only driving the 

Th2 response. IL-13 is able to exert anti-inflammatory effects and has been shown to 

stimulate IL-6 production in cultured keratinocytes. Interestingly, another Th2 cytokine, IL-4, 

has been shown to be downregulated in psoriatic lesions but upregulated in the plasma of 

psoriasis patients. The IL-13 receptor, IL-13Ra1, has been shown to be upregulated in 

psoriatic lesions. Heterogeneity in the gene expression of IL-13 in psoriatic lesions has been 

demonstrated and it correlated to the composition of the inflammatory infiltrate (195-198). IL-

13 and IFN-γ, a Th1 cytokine with a central role in psoriasis, have been shown to have 

synergistic effects. Moreover, IFN-γ together with IL-13 and/or IL-4 is able to induce IL-6 

and CCL5 (195, 199). On the other hand, there are data suggesting that IL-13 may be 

involved in psoriasis arthritis but not cutaneous psoriasis (200). The role of IL-13 in psoriasis 

is unclear, but it may have some kind of regulatory effect in the chronic disease, as it has been 

proposed that, in psoriasis, there may be a shift towards a Th2 immunological response with 

increased disease duration (201). While discussing regulatory mechanisms, it is interesting 

that, in Study I, there were no statistical differences between the IL-10 secretion of stimulated 

PBMCs either in controls or patients or for the Th1 and Th17 cytokines. 

NB-UVB therapy did not significantly influence the stimulation response of the PBMCs, 

again emphasising that this kind of phototherapy may not be able to target the systemic 
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inflammation. The gene expression of cytokines involved in the pathogenesis of psoriasis in 

PBMCs has, however, been shown to be decreased following NB-UVB therapy (202). 

In Study I, the aim was to investigate the systemic levels of chemokines involved in psoriasis. 

Th1- and Th17-mediated chemokines in psoriatic lesions have been demonstrated elsewhere 

(104, 194, 203, 204). As there were chemokines evaluated in Study I that were not elevated in 

the blood of the patients, it would have been valuable also to quantify the chemokines in 

biopsies from their psoriatic lesions. This could have provided information about the 

chemotactic gradient (205) between lesional skin tissue and blood (plasma), reflecting the role 

of the respective chemokine at the time of sampling, but, as discussed before, there may be 

transient differences in chemokine expression in different tissues. 
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Studying cardiovascular markers in the peripheral blood of psoriasis patients became 

extremely interesting after demonstrating elevated chemokines in the blood of this patient 

group. The elevated chemokines indicated systemic inflammation in psoriasis patients that is 

believed to be linked to the increased cardiovascular disease observed in psoriasis. 

In Study II, six markers, strongly associated with cardiovascular risk, were evaluated, soluble 

vascular cell adhesion molecule (sVCAM) 1, soluble intercellular adhesion molecule 

(sICAM) 1, soluble E-selectin (sE-selectin), MMP-9, myeloperoxidase (MPO) and total 

plasminogen activator inhibitor 1 (tPAI-1). 

 

First, the six markers were measured in 28 psoriasis patients and 28 age- and gender-matched 

controls. The levels of all the markers, except sVCAM-1, were significantly higher in the 

patients than in the controls.  

 

Second, as overweight and obesity are linked to cardiovascular morbidity and mortality, it 

was interesting to analyse the association between these six markers and BMI, an indicator of 

general obesity, and WHR, an indicator of abdominal obesity. A correlation between the 

concentration of sICAM-1, sE-selectin, MMP-9 and tPAI-1 and BMI and WHR was 

identified (Figure 6).   
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Figure 6. Correlation of a) body mass index (BMI), n=28, and b) waist: hip ratio (WHR), n=28, to 

sVCAM-1, sICAM-1, sE-selectin, MMP-9, MPO and tPAI-1 in psoriasis patients. The r denotes the 

Spearman correlation coefficient. 

 

 

 

a) 

b) 
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Further analysis of the markers was then carried 

out in 26 psoriasis patients and 26 age-, gender- 

and BMI-matched controls. The BMI matching 

was within the range of +/- 1.0 kg/m
2
. Taking 

BMI into consideration, only one marker, the 

tPAI-1, was elevated (p = 0.01) (Figure 7). 

Looking at the graph for tPAI-1, two assumed 

outliers were noted. When these two patients were 

excluded from the psoriasis group, there was still 

a significant difference between the levels of 

tPAI-1 in controls and patients (p = 0.04).   

 

 

Increased visceral adipose tissue is associated with features of the metabolic syndrome such 

as decreased glucose tolerance, insulin resistance and divergent lipid profiles. Consequently, 

it has been suggested that measurements involving waist circumference are superior to BMI in 

predicting cardiovascular risk, although WHR and BMI measurements often correlate (206). 

 

 

The six investigated markers were therefore also 

analysed in 13 psoriasis patients and 13 age-, 

gender- and WHR-matched controls. Here, as 

after the BMI matching, only the tPAI-1 was 

significantly elevated in the patients (Figure 8). 

The WHR matching was within the range of +/- 

0.05. In each matched pair, both the patient and 

the control had a WHR either within the normal 

range or in the range defined as abdominal 

obesity. 

 

 

 

 

Figure 8. The levels of total plasminogen 

activator inhibitor-1 in the plasma of age-, 

gender-, and waist: hip ratio-matched 

psoriasis patients and controls, n = 13.  

The line shows the median, *p= 0.048. 

Figure 7. The levels of total plasminogen 

activator inhibitor-1 in the plasma of age-, 

gender- and body mass index-matched 

psoriasis patients and controls, n = 26. The 

line shows the median. *p=0.01. 
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Third, it was important to evaluate the effect of different treatment principles on the elevated 

markers. As suggested in Paper I, it is possible that NB-UVB treatment acts more locally and 

should therefore not affect the elevated cardiovascular risk factors. Here, the psoriasis patients 

had sustained levels of the investigated markers in plasma, after successful NB-UVB therapy. 

On the other hand, treatment with the TNFα inhibitor, etanercept (Enbrel
®
), significantly 

improved the levels of the markers in the serum of psoriasis patients. 

It should be noted that the markers were measured in plasma in patients receiving 

phototherapy but in serum in those receiving etanercept. Soluble markers show higher 

concentration variability in serum than plasma and are often measured at higher levels in 

serum. This can be explained by ex vivo platelet degranulation and release of mediators during 

the clotting process (207, 208). In study II the treatment groups were separate and only 

internal comparisons with regard to concentrations of markers were made.  

Similar results regarding the effect of systemic treatment on cardiovascular risk markers in 

psoriasis patients have been demonstrated in other studies. Boehncke at al. demonstrated 

decreased levels of cardiovascular risk markers in patients receiving diverse systemic 

treatments for psoriasis, where the reduction was more pronounced in responders (209). A 

study of the effects of TNF-α blockade with etanercept on inflammatory markers such as 

fibrinogen and high-sensitivity C-reactive protein (hs-CRP), in psoriasis patients with severe 

disease, demonstrated lowering effects (210). In patients with psoriatic arthritis, treatment 

with TNF-α inhibitors had lowering effects on PAI-1 (211). Furthermore, anti-TNF-α therapy 

has been shown to decrease systemic MMP-9 levels in psoriasis patients (212). Interestingly, 

Campanati et al. found that etanercept treatment was more effective than tablet psoralen 

ultraviolet A (PUVA) treatment in decreasing the systemic levels of markers for hepatic 

fibrosis in psoriasis patients. Furthermore, etanercept also caused a significant decrease in 

serum fasting insulin levels (213). In a study of patients exhibiting mild and moderate to 

severe psoriasis, the latter group had more divergent lipid profiles in comparison to controls. 

Increased oxLDL/LDL was, however, seen in all the patient groups. After topical treatment 

(calcipotriol or betamethasone dipropionate or a combination of both) or NB-UVB treatment, 

oxLDL/LDL ratios were continually higher than in the controls. On the other hand, patients 

treated with tablet PUVA displayed elevated adiponectin levels and a tendency towards both a 

reduction in oxLDL and an increase in apolipoprotein-B (214). In addition, Romaní et al. 

were unable to demonstrate any differences in the lipid profiles of 50 psoriasis patients before 

and after NB-UVB treatment (215). Regarding the effects of phototherapy on adipokine 
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levels, Kawashima et al. reported reduced levels of the adipokine resistin but not leptin, which 

was also elevated at the start of treatment, in relation to treatment with NB-UVB and bath 

PUVA (216). Inversely, other studies have not reported any effect of phototherapy on resistin 

levels (128, 217). In a study conducted by Coimbra et al., systemic resistin levels were not 

affected by NB-UVB or tablet PUVA. However, PUVA had a lowering effect on IL-6 and 

TNF-α, while NB-UVB only had this effect on TNF-α. Moreover, only PUVA treatment had 

favourable effects on adiponectin. Despite these effects, there was a persistent significant 

difference between the levels in controls and patients after phototherapy (217). 

 

 

The results of Study II indicate that, in psoriasis, the increased cardiovascular risk may, at 

least in part, be independent of the metabolic syndrome, suggesting other possible 

mechanisms, as the tPAI-1 concentrations were not affected by adjustments for body weight 

and abdominal obesity. This is interesting, as independent cardiovascular risk in psoriasis 

patients has been observed in some studies (5, 140, 141, 143). Nevertheless, these adjustments 

levelled out the differences between patients and controls in relation to other markers. 

Irrespective of whether or not the risk in psoriasis patients is independent of other known risk 

factors, this emphasises the need to identify psoriasis patients with or susceptible to co-

morbidities, thereby enabling the appropriate prevention and initiation of suitable treatment. 

Moreover, as NB-UVB therapy did not lower the levels of the cardiovascular risk markers in 

Study II, systemic treatment should be considered at an early stage in patients with severe 

disease and risk factors for cardiovascular disease. An investigation of the effects of 

phototherapy and systemic treatment in the same study, as was done in Study II, is lacking.  

More studies of different effects and comparing phototherapy and systemic treatment in a 

larger number of patients are warranted. 
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In Study II, the tPAI-1 was the only marker observed to be independent of body weight and 

abdominal fat. PAI-1 is overproduced in the diseased vessel wall, while plasmin production 

falls. This affects the homeostasis of the vessel wall, as plasmin has fibrinolytic activity, but 

PAI-1 is a fibrinolytic suppressor. This leads to the dysfunction of the endothelium, a 

fundamental sign of the pathogenesis of atherosclerosis (218). Moreover, the plasma levels of 

PAI-1 have been found to correlate to insulin resistance, which can precede endothelial 

dysfunction (219). In addition, psoriasis patients as well as patients with an increased BMI 

have been shown to be in a prothrombotic state (220, 221). 

 

It was therefore intriguing to further study different biomarkers of metabolic and 

cardiovascular disease in psoriasis patients. In 37 age- and gender-matched patients and 

controls markers of endothelial dysfunction, thrombomodulin, Pecam-1, Endocan-1 and 

Pentraxin 3 (PTX 3), the adipokines, oncostatin M and FABP4, together with another  

fatty acid-binding protein, FABP3, the chemokines, CXCL 16 and CXCL6, together with 

the soluble IL receptors, (sIL)-1R1, sIL-1R2, sIL-2Ra, the soluble TNF receptors, sTNFR1 

and sTNFR2, and the soluble vascular endothelial growth factor receptors, (VEGFR)1, 

sVEGFR2 and sVEGFR3, were measured. 

 

The levels of endocan-1, CXCL16 and sVEGFR1 were reduced in psoriasis patients in 

comparison to controls, p = 0.009, p = 0.02 and p = 0.05 respectively. Furthermore, a negative 

correlation was observed between endocan-1 concentrations and the PASI (r = -0.3, p = 0.05). 

This may indicate that reduced endocan-1 levels in psoriasis could represent more severe skin 

disease and possibly a systemic involvement. Decreased levels of endocan-1 are also observed 

in overweight and NAFLD (222, 223), both seen as co-morbidities in psoriasis patients. 

Interestingly, when matched for body composition, the significant differences between the 

concentrations of these markers in patients and controls were lost.  

Endocan-1 levels, on the other hand, are markedly increased in highly inflammatory states 

such as sepsis and hypervascular states such as cardiovascular disease and certain cancer 

states (224-228). It has been hypothesised that increased levels might be a protective 

response, as endocan-1 is vasoprotective in normal physiological conditions (229). Low levels 

might therefore be indicative of insufficient vasoprotective capability, thereby explaining 
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decreased concentrations in chronic low inflammatory conditions. The results of other studies 

of endocan-1 in psoriasis have been paradoxical (230, 231). 

 

It has been confirmed that CXCL16 is increased in lesional psoriatic skin and induces the 

migration of neutrophils (105, 106, 232). Conversely, previous studies have not found any 

connection between the systemic levels of CXCL16 and psoriasis (232). In atherosclerosis, 

CXCL16 is increased in the atherosclerotic plaque (233, 234) and, systemically, both 

decreased and elevated levels have been demonstrated (235, 236). Interestingly, it has been 

suggested that CXCL16 possesses both pro-atherogenic and anti-atherogenic effects, 

associated with its role in different blood vessel compartments and the evolution of 

atherosclerosis (237).  

 

 

In Study III, the levels of endocan-1 and CXCL16 were restored after NB-UVB therapy. 

Furthermore, unaffected levels of sVEGF1, FABP3, FABP4 and sIL-1R1 at baseline were 

significantly decreased after NB-UVB treatment, indicating that systemic levels of soluble 

mediators can be affected by NB-UVB irradiation of the skin. 

 

The fact that endocan-1 inhibits leukocyte extravasation by hindering the leukocyte function-

associated antigen (LFA)-1 connection with ICAM-1 (238), shown to be elevated in psoriasis 

patients (239), might indicate a mechanism for lowered endocan-1. However, this contradicts 

the fact that in Study II, sICAM-1 levels were not lowered after NB-UVB treatment, but, 

according to PASI scores, the skin symptoms diminished. This and the negative correlation of 

endocan-1 concentration to the PASI could suggest that endocan-1 is a marker of skin 

inflammation and healing. Future studies of endocan-1 in psoriatic skin could therefore be of 

interest. Suzuki et al. have reported reduced systemic endocan-1 levels in patients with atopic 

dermatitis, as well as an increment in endocan-1 in atopic dermatitis skin lesions, where it was 

expressed by keratinocytes and dermal endothelial cells (240). This is interesting in relation to 

the decreased sVEGFR1 levels seen in Study III. Soluble VEGFR1 binds VEGF and has an 

inhibitory effect on the VEGF response (241). VEGF is overexpressed both in the serum of 

psoriasis patients and in psoriatic skin, where it affects angiogenesis (242). Further, in 

contexts other than psoriasis, VEGF has been shown to induce endocan-1 levels, which can in 

turn potentiate the mitogenic and angiogenic effects of VEGF (243). 
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The decrease in the systemic levels of endocan-1 and CXLC16 in the psoriasis cohort in 

Study III and the fact that they were affected by NB-UVB therapy may indicate that they are 

more suitable as markers of tissue or local inflammation rather than systemic inflammation in 

psoriasis. Circulating levels and tissue expression may not have to correlate and further 

studies of these markers in psoriatic skin could therefore be of interest with regard to the 

possible development of new topical treatments. 
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Investigating different inflammatory markers in psoriasis, many of which are cytokines, is of 

importance to obtain a deeper understanding of the pathogenesis of the disease and to aid in 

the search for a possible biomarker. It would be interesting to determine whether psoriasis in 

itself contributes to the systemic inflammation in psoriasis, unrelated to the presence of other 

factors such as obesity and the metabolic syndrome, known risk factors for cardiovascular 

disease. Cytokines reflect local or systemic inflammation. As changes in circulating cytokine 

levels, including chemokine levels, are observed in many human diseases, the characterisation 

of their behaviour in healthy individuals and in different diseases and their interplay with 

other mediators is highly interesting. This could also be informative regarding similarities in 

the inflammatory cascade in different diseases like psoriasis and atherosclerosis, which 

possibly belong to the same category of immune-mediated diseases and are, at least 

theoretically, possibly not that different. Immunomodulatory treatments in psoriasis affect 

cytokines including chemokines and soluble molecules, directly or indirectly, and thereby the 

inflammatory cascade of the disease. Cytokines including chemokines and many soluble 

molecules can therefore be evaluated as biomarkers of a disease. 

 

 

A biomarker can be a marker of susceptibility to a disease but also of the activity, severity and 

prognosis of the disease, together with treatment response. The multiplicity in clinical 

phenotypes and also possible subclinical phenotypes of psoriasis can, however, make the 

search as difficult as it is important. The author’s concept of subclinical phenotypes refers to 

patients with the same clinical presentation that may differ in terms of the consequences of the 

disease over time; for example, co-morbidities and treatment response. This may also 

underscore the need for more than one biomarker for the same disease. 

An optimal biomarker is easy to measure, adds information about the prognosis of the disease 

and affects the management of patients. Many potential biomarkers may therefore have an 
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insignificant impact as such. Together with the need for more than one biomarker in a disease, 

this underscores the need to evaluate multiple markers.  

In Studies I-III in this thesis, the screening of different potential soluble biomarkers in 

psoriasis patients and evaluations of how they are affected by body composition and treatment 

have been performed. These studies can be seen more as an attempt to characterise the role of 

these markers in psoriasis and generate a hypothesis. For further evaluations of whether there 

is an optimal biomarker, a larger population and possibly a longer study period would be 

needed.  

 

 

In the studies in this thesis, it was decided to measure many cytokines and chemokines, 

together with other soluble molecules. As cytokines construct complex networks, this was 

assumed to be more informative than measuring only a single or very few inflammatory 

mediators. 

 

There are factors to acknowledge regarding sampling procedures for studies of systemic 

cytokine levels, such as the types of tube for blood sampling, whether plasma or serum are 

used for measurements, the storing of samples and freeze-thawing cycles that may affect the 

measured levels and therefore possibly explain conflicting results in studies. Certain sampling 

procedures may be difficult to influence. There is a diurnal rhythm in the concentrations of 

many cytokines, with early morning peaks (244). Furthermore, exercise can also lead to 

temporarily elevated cytokine levels (245-247). In this context, the immunomodulatory 

effects of UVB therapy should also be discussed. UV treatment, including UVB treatment, 

has immunomodulatory effects and affects cytokine levels. After UVB irradiation, the levels 

of pro-inflammatory cytokines can rise, but UVB also exerts immune regulatory effects. UVB 

treatment with the longer wavelengths on the UVB scale, e.g. 310-311 nm corresponding to 

NB-UVB, lowers the risk of sunburn and the Koebner effect of the UVB radiation, which are 

more correlated to the shorter wavelengths of the UVB scale (248). There has been some 

discussion about whether it is the trauma of sunburn that induces pro-inflammatory cytokines 

and this has also been measured in plasma. IL-6 levels were shown to increase after single 

total body UV exposure of four minimal erythematous doses with peaks in plasma levels at 12 

hours. The IL-6 levels were also seen to be correlated to clinical symptoms (249). NB-UVB 
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therapy has been shown to be effective in suberythemogenic doses (250, 251) and may exert 

more pronounced immunomodulatory effects than broadband UVB therapy (252). NB-UVB 

suppresses the production of pro-inflammatory cytokines such as IFN-γ and increases the 

expression of IL-1R2 that binds IL-1 and limits its effects. On the other hand, NB-UVB 

increases anti-inflammatory cytokines such as IL-10 (253-256). Furthermore, it inhibits the 

adhesion molecule, ICAM-1, but this inhibition is transient in nature, as ICAM-1 levels rise 

again 24 hours after UVB irradiation (257). The patients in the studies in this thesis received 

only NB-UVB treatment and the risk of a systemic increase in pro-inflammatory cytokines 

because of the treatment were assumed to be minimal. 

 

There are hypotheses that the effect of NB-UVB therapy in psoriasis is of both local and 

systemic character (202, 258). However, indirectly exposed plaques have been shown to clear 

significantly less than directly exposed plaques, pinpointing that the NB-UVB may exert a 

much stronger local than systemic effect (259). NB-UVB did not have a significant effect on 

the systemic levels of the different inflammatory mediators investigated in Studies I and II, 

whereas, in Study III, there were significant differences. This may be indicative of different 

roles for the investigated markers in psoriasis.  Further, a cytokine is able to exert different 

effects depending on the target cell. Moreover, the presence and concentrations of other 

cytokines which can have synergistic or counteracting influences at the time of blood 

sampling and quantification may also affect the results. This pleiotropy in cytokine networks 

further underscores the need to investigate multiple mediators. 
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Psoriasis has been described as an autoinflammatory disease. Although autoantigens have 

been proposed in psoriasis (260-262), the disease has not been defined as autoimmune and 

exhibits more mixed autoinflammatory and autoimmune features. Inflammasomes are of great 

importance in many autoinflammatory diseases and, in some of them, blocking one of the end 

products of the inflammasomes, IL-1β, has dramatic effects on disease symptoms (263). 

Inflammasomes have also been indicated in other inflammatory diseases or states, such as in 

psoriasis and hidradenitis suppurativa, where the effect of inhibiting IL-1β gives more diverse 

results (264-270).  

 

It has been shown that the inflammasome components are upregulated in psoriatic skin (271, 

272) but how this is regulated and if there is a systemic upregulation is unclear. Interestingly, 

an increase in the systemic expression of inflammasome components has been observed in 

autoimmune diseases such as systemic lupus erythematosus (273), Sjögren’s syndrome (274) 

and multiple sclerosis (275). 

 

In Paper IV, the aim was to explore a potential role for inflammasomes in psoriasis, as they 

have only been scarcely described in psoriasis. The expression levels and activity of 

components of the inflammasomes in the blood of psoriasis patients were evaluated and the 

effects of IL-17, a key cytokine in psoriasis, were explored.   

 

 

RBC-lysed whole blood from twelve psoriasis patients and five controls was analysed with 

multicolour flow cytometry. The patients exhibited variations in disease severity with a PASI 

ranging from 0 to 25. In the group presenting mild disease, the mean PASI was 1.9 (n = 5). In 

the group presenting moderate/severe disease, the mean PASI was 10.8 (n = 7). The protein 

expression of the inflammasome proteins, NLRP1, AIM2 and NLRP3, in different white 

blood cell subtypes was determined by gating different cell populations. A significant increase 

in the expression of NLRP1, NLRP3 and AIM2 was noted in neutrophils (p = 0.007, 0.01 and 
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0.0007), classical monocytes (p = 0.009, 0.005 and 0.01), CD4+ lymphocytes (p = 0.01, 0.009 

and 0.05) and B cells (p = 0.01, 0.04 and 0.03) in patient samples in comparison to controls. 

 

Previous studies in this thesis have shown that, even if psoriasis patients obtain a significant 

improvement in their skin lesions, they nevertheless experience systemic inflammation. It was 

therefore of interest to analyse whether the systemic expression of the inflammasome 

components in the cohort was correlated to the PASI.   

 

The expression of NLRP1, NLRP3 and AIM2 inflammasomes correlated with the PASI in 

some but not all white blood cell subtypes. In neutrophils, a positive correlation between the 

PASI and NLRP1, NLRP3 and AIM2 was observed. Furthermore, in B cells, AIM2 was 

positively correlated to the PASI, while NLRP3 in B cells showed negative correlation to the 

PASI. A correlation between the PASI and inflammasome expression in monocytes, CD4+ 

and CD8+ lymphocytes was not observed. Furthermore, the increased expression of 

inflammasomes was not found to correlate to BMI. 

 

The small sample size should, however, be taken to consideration when drawing conclusions, 

but the increased expression of the three inflammasome components suggests their role in 

psoriasis pathogenesis. It can be hypothesised that the correlation of the expression of the 

different inflammasomes with the PASI in the different cell types could indicate different 

roles for the respective inflammasomes in psoriasis. The increased expression of NLRP1, 

NLRP 3 and AIM2 in neutrophils, also positively correlated to the PASI, may indicate their 

importance as a marker or target in early disease. As neutrophils have been shown to have 

functional inflammasome components, further studies of inflammasome components in 

pustular psoriasis and streptococcal-induced psoriasis and comparisons with chronic plaque 

psoriasis would be interesting. The expression of the inflammasome components in lymphoid 

cell populations indicates that inflammasomes may not only play a role in innate immunity. 

An increase in the activity of NLRP3 has previously been demonstrated in peripheral CD4+ 

cells (276). The increased expression of the inflammasomes in the B cells of psoriasis patients 

is particularly interesting. An increase in circulating B lymphocytes and CD19+ B cell ratios 

in PBMCs, positively correlated to the PASI, has been described in psoriasis patients in 

comparison to controls (277, 278). Furthermore, B-cell depletion has been connected to the 

development of psoriasis in patients undergoing treatment with rituximab (279). Inversely, a 

positive treatment response to rituximab has been described in palmoplantar pustulosis and 
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psoriasis arthritis, where the PASI score was not affected in the latter patient group (280, 

281). Yanaba et al. have also demonstrated more severe imiquimod skin inflammation in 

CD19-/- mice than in wild type (WT) mice. When transferring splenic regulatory B cells, 

absent in CD19-/- mice, from WT mice to CD19-/- mice, the skin inflammation was reduced 

(282). The spleen is a lymphoid organ rich in various subsets of B cells but also other immune 

cells such as T-cell subsets, DCs and macrophages. B cells in the marginal zone of the spleen 

produce large amounts of IL-10. Overweight psoriasis patients have been shown to have a 

larger spleen diameter than normal-weight psoriasis patients (283). A study based on a murine 

model demonstrated that obesity suppresses IL-10 production in the spleen (284), while 

another study reported a decrease in IL-10-producing regulatory B cells in the blood of 

patients with psoriasis but an increase in the number their progenitor cells (285). In 

atherosclerosis, both pro-atherosclerotic and atheroprotective B cells are described (286). 

Splenectomy in apolipoprotein E deficient (apoE-/-) mice has been shown to worsen vascular 

disease (287). Moreover, it has been suggested that the spleen plays a role in the progression 

of atherosclerotic disease and the concept of a “cardio-splenic axis” does in fact exist (288). 

Interestingly, Hjuler et al. demonstrated splenic inflammation in a small sample of psoriasis 

patients after adjustment for BMI, assessed by 18F-fluorodeoxyglucose-positron emission 

tomography (FDG-PET/CT). The splenic inflammation was further associated with aortic 

inflammation (289). Other studies of B cells in psoriasis show conflicting results (277, 290, 

291), which warrants further attention.  

 

 

The efficacy of IL-17 inhibitors in treating psoriasis disease is well documented (292) and, in 

psoriasis, adaptive immune responses have been associated with IL-17 production (293). The 

expression of IL-17 has been observed in the psoriasis infiltrate (80) and elevated serum and 

plasma levels have been documented (81, 294, 295). In addition, circulating levels of IL-17 

have also been linked to the pathogenesis of many of the psoriasis co-morbidities (296). In 

another skin disease, hidradenitis suppurativa, where co-morbidities such as obesity and the 

metabolic syndrome are also observed, it has also been suggested that the inflammasomes 

play a role (268, 297, 298). Increased levels of IL-17 are found in hidradenitis suppurativa 

lesions in both the skin and serum of patients with the condition. It has been hypothesised that 

IL-17 could be an initiation factor in the pathogenesis of hidradenitis suppurativa by driving 
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the inflammasome, leading to IL-1β and IL-18 release (299, 300). As IL-17 is a central 

cytokine in psoriasis disease and there are data supporting the hypothesis that part of the IL-

17 released during inflammation is derived from innate immune cells (88), it was of interest to 

investigate its role in the increased inflammasome protein expression. 

 

First, HEKn were stimulated with IL-17 and TNF-α. After stimulation for 24 hours, the 

mRNA expression of NLRP1, NLRP3, caspase 5 and IL-1β was increased in comparison to 

unstimulated cells. The stimulation of HEKn with IL-17 and TNF-α did not alter the gene 

expression of AIM2 and caspase 1. After 48 hours of stimulation, only the mRNA expression 

of NLRP3 and IL-1β was increased in comparison to unstimulated cells, but the differences 

were smaller than after 24 hours of stimulation. 

 

Even if an increase in mRNA expression was evident for different inflammasome components 

in the HEKn, it did not provide any information on functional importance. An 

immunofluorescence technique, on fixed cultures with HEKn, was therefore used to assess the 

protein expression in HEKn. An increase in the protein production of NLRP1, NLRP3 and IL-

1β was confirmed in cell cultures stimulated with IL-17 and TNF-α. 

 

Second, the effects of IL-17 on caspase-1 activity in different white blood cell subtypes were 

investigated. Caspase-1 is a marker of inflammasome activity, as it is needed to cleave pro-

caspase-1 to active capsase-1, which is then able to cleave pro-IL-1β and pro-IL-18 to IL-1β 

and IL-18. Freshly isolated white blood cells from healthy controls were stimulated with IL-

17 and TNF-α for one hour. The FAM-FLICA method was then used to detect caspase-1 

analysed on a flow cytometer. A significant increase in caspase-1 activity was observed in 

classical monocytes. Neutrophils exhibited an increase in caspase-1 activity, which did not 

reach statistical significance. The stimulation did not affect caspase-1 activity in CD3+ 

lymphocytes.   

 

These results indicate that IL-17, in combination with TNF-α, induces inflammasome activity, 

both locally in the skin but also systemically. IL-17 has also been shown to be increased in 

psoriasis co-morbid diseases and the inflammasomes have been demonstrated to be active in 

these conditions. In atherosclerosis, it has also been suggested that inflammasomes induce 

macrophage retention into the arterial wall, together with their predisposition for lipid 

accumulation (301). Furthermore, inflammasomes have been related to obesity and the 
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metabolic syndrome. The activation of NLRP3 plays a role in fatty tissue-mediated 

inflammation being expressed in adipose tissue macrophages and even affecting adipocyte 

differentiation and insulin sensitivity (302, 303). In patients with the metabolic syndrome, 

increases in the PAI-1 have been encountered. This is mediated through the activation of the 

P2X7 receptor, an ATP-sensitive ionotropic P2X receptor, which has been suggested to 

induce the assembly of inflammasomes (304). Again, it is of interest that, in Study II, the 

tPAI-1 was the only marker with sustained elevation after the BMI and WHR matching of 

patients and controls.   
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The main conclusions in this thesis are as follows. 

 

 The systemic inflammatory burden in psoriasis may be explained, to a certain extent, 

by body weight and fat distribution. Sustained levels of tPAI-1, despite adjustments 

for BMI and WHR and an increase in systemic inflammasome expression without 

correlation to BMI, suggest that there may also be an increased risk of systemic 

inflammation and cardiovascular risk independently of BMI in psoriasis. 

 Sustained elevated levels of chemokines and cardiovascular markers after NB-UVB 

therapy, the lost correlation of CCL20 to the PASI after successful NB-UVB therapy 

and the unaffected stimulation response in the PBMCs of psoriasis patients before and 

after NB-UVB treatment indicate that the skin or psoriatic lesions may not be the only 

source of the systemically elevated markers that were studied. 

 Sustained elevated levels of chemokines and cardiovascular markers after NB-UVB 

treatment, contrary to the lowering effect of treatment with the TNF-α inhibitor on the 

cardiovascular markers, point to more local effects of this kind of phototherapy. This 

further suggests that psoriasis patients with signs of a systemic inflammatory burden 

should be evaluated for systemic rather than local treatment. 

 NB-UVB exerts different effects on the investigated markers, which may reflect 

different roles for these markers in psoriasis and may suggest that certain biomarkers 

are more indicative of systemic inflammation in psoriasis, whereas others may 

represent more local inflammation.   

 An increase in the expression of Th2 chemokines and the cytokine, IL-13, together 

with systemic inflammasome expression in B cells, may mirror regulatory 

mechanisms in psoriasis. 

 



 

72 
 

 

 

 



Perspective 
 

73 
 

 

This thesis has focused on systemic inflammation in psoriasis. It demonstrates that, in the 

psoriasis population studied, there is in fact systemic inflammation which appears, at least in 

part, to be unrelated to the inflammation in the skin. Previously, it has been suggested that an 

increase in the incidence of other inflammatory diseases in psoriasis was due to the lifestyle of 

psoriasis patients, with overweight and smoking overrepresented in this patient population.  

After psoriasis was defined as a systemic disease, sharing many inflammatory pathways with 

the co-morbid diseases, it has been suggested that the inflammation in the skin contributes to 

the systemic inflammation. This is interesting in the context of what has been observed in the 

studies of this thesis that, despite improvements in skin symptoms, there still is measurable 

inflammation in the blood. This could question the idea that the skin is the only contributor to 

the systemic inflammation in psoriasis and suggest that it instead initiates a systemic 

inflammation that then induces inflammation in other organs that then maintains itself 

independently of the skin status. Questions then arise about the patient population diagnosed 

with co-morbid diseases before the psoriasis disease, which could then affect the skin in the 

same way. Finding biomarkers for different psoriasis phenotypes could facilitate more 

customised care in the future, with regard to both preventive and treatment strategies. 

Conflicting results of studies investigating soluble markers in psoriasis mark the need for an 

analysis of larger samples and longitudinal studies. As genotype and possibly epigenetic 

factors affect the phenotype and could therefore affect the response to different treatment 

regimens and correlate differently to co-morbid diseases, research in this area is clearly of 

value in the search for psoriasis biomarkers. 
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