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Abstract

Psoriasis is a systemic disease that is strictly connected with metabolic disorders (insulin resistance, atherogenic
dyslipidemia, arterial hypertension, and cardiovascular diseases). It occurs more often in patients with a more severe
course of the disease. Obesity is specially an independent risk factor and it is associated with a worse treatment
outcome because of the high inflammatory activity of visceral fatty tissue and the production of inflammatory me-
diators involved in the development of both psoriasis and metabolic disorders. However, in psoriasis the activation of
the Th17/IL-17 and the abnormalities in the Th17/Treg balance axis are observed, but this pathomechanism does not
fully explain the frequent occurrence of metabolic disorders. Therefore, there is a need to look for better biomarkers
in the diagnosis, prognosis and monitoring of concomitant disorders and therapeutic effects in psoriasis. In addition,
the education on the use of a proper diet as a prophylaxis for the development of the above disorders is an important
element of holistic care for a patient with psoriasis. Diet may affect gene expression due to epigenetic modification
which encompasses interactions of environment, nutrition and diseases. Patients with psoriasis should be advised to
adopt proper diet and dietician support.
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Introduction

Psoriasis is a disease in which a complex pathomech-
anism is associated with the activation of Th17/IL-17 and
abnormalities of Th17/Treg balance axis, which leads to
abnormal proliferation of epidermal cells, inflammatory
infiltration and vascular lesions in the dermis, and con-
sequently the development of typical lesions [1, 2]. How-
ever, this mechanism does not fully explain the frequent
occurrence of metabolic disorders (insulin resistance,
atherogenic dyslipidemia, arterial hypertension, and car-
diovascular diseases), especially in patients with a severe
course of the disease [3, 4]. Therefore, there is a need
to look for better biomarkers in the diagnosis, prognosis
and to monitor concomitant disorders and therapeutic
effects in this disease. In recent years, proteomics (sys-
tematic analysis of proteins in terms of their identity,
quantity and function) has been developing [3].

Metabolic disorders and the role of adipose
tissue in induction of inflammation in psoriasis

According to the International Diabetes Federation,
metabolic syndrome (MS) is defined as the presence of
three or more of the following features: abdominal obe-
sity, hyperglycemia, hypertension, low high-density lipo-
protein (HDL) cholesterol levels, and/or hypertriglyceride-
mia [5]. Obesity plays a critical role in the development
of insulin resistance (IR) and type 2 diabetes (T2DM) and
leads to many metabolic disorders such as dyslipidemia,
non-alcoholic fatty liver disease (NAFLD), hypertension,
coronary artery disease and stroke [6, 7]. Literature re-
view concerning morbidity and mortality due to psoria-
sis revealed an increased risk of myocardial infarction in
psoriatic patients in comparison to general population
— OR (odds ratio) = 1.25. The risk was even higher in pa-
tients with more severe skin lesions and those with early
onset of the disease. In addition, the risk of myocardial
infarction was markedly higher in patients with psoriatic
arthritis (PsA) (OR = 1.57) in comparison to patients with
psoriasis (OR = 1.25). The risk of stroke in PsA, however,
was only mildly elevated (OR = 1.14) [8, 9].

The correlation between obesity and psoriasis has
been confirmed in many epidemiological studies. It is
also believed that obesity is an independent risk factor
for psoriasis and is associated with a worse outcome
[10-12]. Obesity (body mass index (BMI) > 29 kg/m?) in-
creases the risk of psoriasis by almost 2 times [13]. In
contrast, the reduction of body weight decreases the
severity of psoriasis [13]. A study done in South Korea
recruited more than 22.5 million subjects including
399 461 patients with psoriasis reported that people with
BMI > 30 kg/m?, similarly to those with waist circumfer-
ence > 105 cm, had a higher risk of psoriasis (hazard ra-
tio (HR) = 1.118 and 1.305, respectively) [14]. The risk of
psoriasis was highest in males with a normal BMI and
abdominal obesity (HR = 1.175). This observation reflects
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the main role of abdominal obesity in the pathogenesis of
psoriasis and concomitant diseases [14]. The meta-analy-
sis of prospective studies has confirmed that increase in
BMI and waist circumference leads to an increase in the
risk of developing psoriasis by 19% and 24%, respectively
[14, 15]. This close relationship, the similar pathomecha-
nism of both processes, allowed the formulation of the
theory of “psoriatic march”. Inflammation associated with
systemic disease, fanned by pro-inflammatory cytokines
and adipokines produced by the visceral adipose tissue
lead to the development of IR, and endothelial cell dam-
age. Endothelial dysfunction predisposes to the formation
of atherosclerotic plaques and faster development of car-
diovascular events (Figure 1) [11, 16].

Patients with obesity and HLA-Cw*06 gene were 35
times more likely to develop psoriasis when compared
to individuals with normal weight and without that gene
[17]. It has been observed that the rise of BMI increases
the risk of PsA [18]. Some studies suggest however, that
obesity may be the consequence of psoriasis rather than
its risk factor [11, 19] (Figure 1).

The role of adipose tissue in metabolic disorders

The visceral adipose tissue’s role is not only to store
energy and to insulate body, but it is also regarded as an
important neuro-immuno-endocrine organ that partici-
pates in homeostasis. The adipose tissue expands due

Smoking
IL-1

Inflammation
CRPT, VEGFT, resistinT, leptin™

Insulin resistance

Endothelium dysfunction
IRS-14, NO 4, endothelin-1 T

Atherosclerosis

Heart attack, brain stroke

Figure 1. An overview of the mechanism behind the “pso-
riatic march” [16]
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to two mechanisms: cell size increase (hypertrophy) and
cell number increase (hyperplasia). Initially, the excess of
energy that is stored as fat protects against metabolic
disorders associated with hyperglycemia. An excessive
amount of adipose tissue and further caloric imbalance
leads to lipotoxicity which results in an increase of adi-
pose tissue volume not only in the subcutaneous and
visceral compartments, but also in other organs (liver,
skeletal muscles and heart). Moreover, lipotoxicity is
closely linked to the development of inflammation and
IR [6, 20-22]. In normal conditions, insulin reduces the
glucose level by inducing glucose uptake in insulin-sen-
sitive tissues (skeletal muscles, adipose tissue and liver)
and reducing hepatic glucose production. IR occurs when
insulin-sensitive tissues do not respond properly to insu-
lin. As a result, excessive insulin production in pancreatic
B-cells occurs. This leads to hyperinsulinemia — a meta-
bolic state in which a reduction of insulin receptors in
various cells (myocytes, hepatocytes and adipocytes)
is observed. Moreover, these metabolic alterations fur-
ther exacerbate IR, creating a vicious circle. It has also
been observed that insulin secretion correlates with the
amount of adipose tissue. Therefore, obese individuals
produce more insulin than people with normal weight. In-
sulin hypersecretion counterbalances the IR. The function
of cells that are sensitive to insulin remains preserved
until insulin hypersecretion compensates IR. Excessive
insulin concentration, however, acts also as an anabolic
hormone and promotes accumulation of visceral adipose
tissue [8, 23, 24]. It has also been shown recently that the
amount of pericardial adipose tissue, which is a potent
atherosclerosis risk factor, increases in patients with pso-
riasis. In addition, pericardial adipose tissue was found to
contain macrophage infiltration and increased interleu-
kin 1B (IL-1B), IL-6, monocyte chemoattractant protein-1
(MCP-1) and tumor necrosis factor a. (TNF-a) secretion
was observed [25].

Activation of adipose tissue macrophages
and psoriasis

The number of macrophages in visceral adipose tis-
sue was found to be greater than in subcutaneous adi-
pose tissue in obese patients. As hyperinsulinemia and
IR exacerbate, constantly expanding adipocytes start
to secrete IL-6, IL-8, reactive oxygen species (ROS) and
free fatty acids (FFA). This leads to bone marrow recruit-
ment and secretion of macrophages which then turn to
adipose tissue macrophages. These macrophages may
constitute up to 60% of the adipose tissue mass [11, 26,
27]. Moreover, adipose tissue macrophages play an im-
portant role in the development of chronic inflammation
in adipose tissue and exacerbate inflammatory state by
promoting pro-inflammatory cytokines such as TNF-a,
IL-6, IL-8, IL-17, IL-18 and MCP-1, pro-inflammatory adi-
pokines (resistin, visfatin, retinol binding protein-4) and
inducible nitric oxide synthase (iNOS) production [11, 27,

454

28]. ROS induce the secretion of pro-inflammatory cyto-
kines, expression of adhesive molecules and growth fac-
tors (e.g. connective tissue growth factor (CTGF), insulin-
like growth factor (IGF-1), platelet-derived growth factor
(PDGF) and vascular cell adhesion molecule-1 (VCAM-1))
[28]. Macrophages also produce components of renin-
angiotensin system and stimulate aldosterone release
which may explain the development of hypertension in
obese patients [29]. Other factors secreted by adipocytes
and macrophages stimulate the formation of cell adhe-
sion molecules such as ICAM-1, PECAM-1 [26]. Interest-
ingly, the use of anti-TNF-a. monoclonal antibodies has
led to the reduction of inflammation in adipose tissue
[11, 30]. TNF-a,, IL-6 and IL-17 all play important roles in
the development of inflammation in psoriasis and are
not only locally distributed in skin lesions but affect the
whole body. In addition, TNF-a. contributes to IR due to
inhibition of insulin receptor signaling, human glucose
transporter 4 (GLUT-4), and insulin secretion in pancre-
atic B-cells and inhibition of anti-inflammatory adiponec-
tin secretion in adipocytes which is an insulin sensitivity
enhancing factor [11, 31]. Finally, IR directly leads to endo-
thelial dysfunction and increases the risk of myocardial
infarction and stroke, as in the “psoriatic march” theory
[11, 27].

The endocrine function of adipose tissue
and psoriasis

It has been shown that adipocytes secrete many
paracrine factors known as adipokines which regulate
metabolism [11, 16]. Moreover, these adipokines, mainly
resistin and leptin, correlate with PASI but not with BMI
in psoriatic patients (Figure 2). Their profile is similar to
that of individuals with IR [16, 32]. Some studies reported
that there was an alteration of adipokine secretion in
obese individuals which was probably due to hypoxia of
hypertrophic adipocytes [6]. Leptin plays a particular role
as it rises in obesity and has an impact on pro-inflamma-
tory cytokines expression, i.e. TNF-a,, IL-2, IL-6 and MCP-1,
all of which have prothrombotic properties [33]. It is also
evident that the levels of protective adipokines: adipo-
nectin and omentin is usually decreased in patients with
severe course of psoriasis [34, 35]. On the other hand,
increased levels of leptin, chemerin, visfatin, resistin and
plasminogen activator inhibitor-1 (PAI-1) decreased after
successfully treatment [12, 32, 35, 36]. Moreover, an in-
creased chemerin expression in a new-onset psoriatic
lesion was strictly associated with activation of pDC,
while in chronic psoriatic lesions was normal [37]. Anti-
TNF treatment resulted in normalization of chemerin
and resistin serum levels [36]. The data on lipocalin-2
and retinol binding protein (RBP)-4 are conflicting and
further studies are required [12]. In addition, the adipose
tissue has the capability of producing proopiomelano-
cortin (POMC) derived peptides with anti-inflammatory
activities and is involved in glucosteroidogenesis [38, 39].
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Figure 2. The role of adipokines in psoriasis
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Figure 3. Visceral adipose tissue endocrine function [11, 32]

The adipocytes have large numbers of B-adrenergic
and glucocorticoid receptors. Their stimulation leads to
lipolysis of the stored triglycerides and secretion of free
fatty acids (FFA) [40]. In addition, TNF-a and angioten-
sinogen produced by adipocytes inhibit the effects of in-
sulin. It has also been shown that FFA have an important
impact on metabolism. However, the strongest effect is
exerted by FFA, which arise as a result of intracellular
lipase and lipoprotein lipase, which degrade VLDL. These
compounds circulate in plasma and are stored in organs
[22]. The accumulation of FFA in liver leads to impaired
insulin sensitivity which results in peripheral hyperinsu-
linemia and IR. Moreover, the increased level of FFA in
liver is ultimately associated with atherogenic LDL pro-
duction [41].

With the complex interplay between adipokines and
pro-inflammatory cytokines the obesity may be char-
acterized as a chronic inflammatory state of low grade
with increased oxidative stress (OS). This leads to cell
structure destruction, further apoptosis of adipocytes
with lack of adequate antioxidative mechanisms and as
a consequence — the development of complications re-
lated to obesity (Figure 3) [28].

Visceral adipose tissue immune system
and psoriasis

Visceral adipose tissue is a source of pro-inflammatory
cytokines which are similar to those secreted in psoriatic
inflammation. Interleukin-6 which is secreted by visceral
adipose tissue macrophages, promotes the differentiation
of naive T lymphocytes to Th17 [42, 43]. This is an example
of a positive feedback mechanism due to the fact that IL-17
stimulates the production of IL-6 [11, 44]. Interleukin 17
which is a potent pro-inflammatory cytokine, is respon-
sible for maintenance of inflammation in visceral adipose
tissue and stimulates adipocyte lipolysis [4, 45]. However,
it exerts a beneficial effect by inhibiting adipogenesis and
adipocyte differentiation [4, 42]. Many studies suggested
that Th17 and IL-17 may constitute a missing link between
inflammation, autoimmune reaction and obesity [43]. In-
terestingly, in obese women the increased concentration
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of IL-23 which stimulates Th17 and IL-17 was observed but
without an increased level of Thi-related cytokines (IL-12,
IFN-y) [46]. In has been observed that during IL-17A signal-
ing the level of intracellular total cholesterol is elevated,
which results in cholesterol gene suppression and pro-
motes fatty acids synthesis in keratinocytes. This mecha-
nism may explain the strong correlation between psoriasis
and dyslipidemia [47].

As in psoriasis, a reduced IL-10 concentration is also
observed in MS, obesity, IR and T2DM circulating endothe-
lial cells. Weight loss also leads to IL-10 increase in obese
patients [4, 48].

Based on complex interdependence between adipo-
kines, the obesity is characterized by chronic inflammation
of low grade and increased OS. Consequently, the cell struc-
ture is more prone to damage due to endothelial dysfunc-
tion and lipid peroxidation (ox-LDL cholesterol is one of the
major factors of atherosclerosis) which in combination with
insufficient antioxidative mechanisms result in the devel-
opment of obesity complications (hypertension, fatty liver
disease, atherosclerosis) [7, 28]. Due to the fact that there is
a strong correlation between OS, antioxidative function and
metabolic disorders. Some experts postulate that OS is one
the major factors in the MS pathogenesis [28].

Metabolic inflammation and an excessive amount of
adipose tissue lead to an increase in non-specific inflam-
matory biomarkers, such as C-reactive protein (CRP). It has
been observed that the CRP concentration in patients with
moderate and severe psoriasis is significantly higher than
in healthy individuals [7]. Moreover, the long-term CRP
concentration over 10 mg/l is associated with 4% risk of
death due to cardiovascular diseases (CVD) in 10 years. For
that reason, this simple marker of inflammation has cur-
rently been regarded as one of the most important prog-
nostic factors for future cardiovascular events [49].

Consequences of metabolic disturbances
in psoriasis

According to the theory of “psoriatic march”, the
above-described metabolic disorders lead to endothelial
damage, facilitate the development of atherosclerotic
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plagues, which results in an increased risk of cardiovas-
cular diseases in patients with psoriasis [11, 16].

In recent years a growing number of studies have
revealed the association of psoriasis with other comor-
bidities, especially with CVD [50-55]. The risk of myocar-
dial infarction and cerebrovascular disease is increased
in psoriasis and correlates with disease severity. The
patients with psoriasis have increased carotid-intima-
media thickness (cIMT), prevalence and severity of coro-
nary artery calcification and atherosclerosis, and aortic
vascular inflammation, all of which correlate positively
with psoriasis severity [56-60]. Most of the cardiovas-
cular risk factors including hypertension, dyslipidemia,
obesity, T2DM and MS are more prevalent in psoriasis
[60-63]. This association may be explained based on
common pathogenic factors including inflammation and
OS. The cytokine profile of psoriatic skin lesions and ath-
erosclerotic vascular lesions show many similarities like
an increased number of Thl and Th17 lymphocytes and
Th17-related cytokines (IL-6, IL-8, IL-17). Both diseases
are also associated with similar ROS-signaling cascades
including activation of the JAK-STAT, NF-xB and MAPK
cascades [57, 64].

The combination of inflammation, OS and dyslip-
idemia leads to endothelial dysfunction. Patients with
psoriasis present increased cIMT and stiffness of arteries
combined with deteriorated vasodilation and decreased
elasticity of vessels [65-69]. In some studies, flow medi-

Cellular hyperproliferation
Protein synthesis

Cytokine production Skin

Immune activity \
Arginase and nitric oxide synthase

Metabolism serine ratio

1 Phenylalanine

7 Glutamic acid and
glutamic acid/ { Citruline and arginine
T Glutamine and

ated dilation (FMD) of the brachial artery was measured
with ultrasound. FMD was significantly decreased com-
paring to the controls, which directly indicates dysfunc-
tion of endothelium [69, 70].

These findings are in agreement with studies reveal-
ing an increased number of circulating endothelial cells
(CEC) and a decreased number of circulating endothelial
progenitor cells (CEPCs) in psoriatic patients [71, 72]. The
elevated number of CEC in psoriasis may be a result of
both endothelium impairment and increased angiogen-
esis. CEPCs play a crucial role in maintenance of vascu-
lar homeostasis and regeneration of endothelium. As
mentioned above, the impaired number and function of
CEPCs have been found in patients with psoriasis. Both
the increased number of CEC and the decreased number
of CEPCs are considered as a marker of CVD risk.

The indisputable relationship between psoriasis and
cardiovascular diseases resonated in the study of the
European Society of Cardiology consensus regarding the
prevention of CVD in 2012. Psoriasis was included as one
of the diseases which carry an increased risk of the de-
velopment of CVD [73].

Metabolomic and proteomic changes in psoriasis

Metabolomics provide a molecular fingerprint of
metabolites involved in cellular activity and play a cru-
cial role in understanding the functional changes in dis-

Cell growth and division
Metabolites turnover

/V Immunomodulatory effects

asparagine

7 Taurine and taurine/ T Choline

alanine ratio
1 Ornithine

Amino acids

Blood
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{ Urocanic acid
{ Lactic acid

Other molecules

Urine

oxidation
Arachidonic

1 Glutamine and

asparagine
7T Isoleucyne, leucine, valine
Changes in ornithine, citruline

and arginine
? Proline, hydroxyproline
T Homocysteine and
asymmetric dimethyl
arginine

Cell turnover and
inflammatory
Cardiovascular disease
Urea cycle amino acids
Collagen synthesis
Nitric oxide synthase
Metabolism

acids
HETEs
LTB4

methylsuccinate, trigonelline, \

d Citrate, alanine,
carnitine, hippurate
Cell turnover

PUFA — polyunsaturated omega-6 fatty acids, HETEs — hydroxyeicosatetraenoic acids, LTB4 — leukotriene B4.

Figure 4. Metabolomic changes in psoriasis [74-76]
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ease development. Figure 4 and Table 1 represents the
main metabolomic changes across different body fluids
(blood and urine) as systemic perturbation of metabolic
processes and skin as local changes caused by psoriasis
[74, 75]. Biological material used for analysis changes in
polyunsaturated w-6 fatty acids oxidation process. The
main difference in psoriasis patients were observed in
the amino acid level in skin and blood samples which
were involved in several metabolic pathways (urea cycle,
cell turnover, cardiovascular disease, nitric oxide syn-
thase, collagen synthesis, protein synthesis or immune
activity) [74-76]. Other molecules identified in psoriatic
skin and urine provide information about cell growth and
division, metabolite turnover and immunomodulatory ef-
fects, they were used to track response to treatment and
determine disease severity. The investigation of the me-
tabolome in skin, blood and urine provide a wide range of
information about local and systemic increases in inflam-
mation, cell turnover and proliferation, highlighting novel
ideas for disease differentiation (psoriasis vs. PsA) [74].

Table 1. Metabolomic changes in psoriasis [74]

Several metabolomics studies had confirmed that
psoriasis is a chronic, immune-mediated, inflammatory
skin disease. The field of proteomics has introduced some
novel mechanisms and hypotheses that can be involved in
disease progression. Proteomics provide the information
about protein identification and differentiation in disease
progression using different separation techniques coupled
with mass spectrometry. The main purpose of proteomic
studies is to define novel biomarkers for diagnostics,
monitoring and prognostics of psoriasis [75-78]. Figure 4
represents some of the observed changes in protein dis-
tribution in psoriasis disease in skin, plasma and urine
samples. They can be divided into three groups based on
their functionality: discovery of the novel mechanism and
hypothesis, biomarkers for prognostics and diagnostics of
psoriasis and for monitoring treatment efficacy and toxici-
ties [77]. Proteomic studies confirm an immune response
as a basis of psoriasis progression. Participation in psoria-
sis, mechanisms that are involved in lipid metabolism and
vitamin D regulation or cell leakage and altered protease

Metabolite Metabolic processes Implications
Skin T Glutamic acid, T glutamic acid/serine Cellular hyperproliferation, protein synthesis Hyperproliferative or
ratio and cytokine production hypermetabolic states
T Choline Cells growth and division

4 Glucose, myo-inositol and valine-leucine/
isoleucine ratio

Metabolite turnover in cells proliferation

T Phenylalanine

Immune activity — metabolite accumulation

Metabolic pathway
secondary to inflammation

1 Taurine and taurine/alanine ratio

Inflammatory lesions and tissue exposed

to OS

4 Urocanic acid

Immunomodulatory effects

{ Lactic acid

Metabolism in sweat glands and keratinocytes

Disruption of normal

{ Citrulline

epidermal structures and

Hyperproliferative epidermis function

T Ornithine and { arginine

Arginase 1 and inducible nitric oxide synthase

Keratinocyte

metabolism hyperproliferation

T Arachidonic acid, hydroxyeicosatetraenoic
acid, leukotriene B4

PUFA-6 oxidation

Blood T Glutamine and asparagine,
1 a-Ketoglutaric acid

Cell turnover and inflammation

Hyperproliferation and OS

T Isoleucine, leucine, valine
Changes in ornithine, arginine, citrulline
* Proline, hydroxyproline

Collagen synthesis (psoriatic arthritis)

Cardiovascular disease:
urea cycle, amino acids

Assessment of psoriasis
and track response to
treatment, classifying

T Homocysteine and asymmetric dimethy!

VD disease

arginine nitric oxide synthase metabolism

J Arachidonic acid, T leukotriene B4,
platelet activating factor

Arachidonic acid pathway, Inflammatory

Keratinocyte
response hyperproliferation

Urine { Hydroxyeicosatetraenoic acid
T Tetranor hydroxyeicosatetraenoic acid

PUFA-6 oxidation Microsomal B-oxidation

{ Citrate, alanine, methylsuccinate,
trigonelline, carnitine, hippurate

Cell turnover Track response to

treatment, disease severity
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activity are not clearly understood and need to be con-
firmed [3]. Skin proteomic analysis proposed some mol-
ecules (neural cell adhesion molecule L1 (LICAM/CD171)
and dipeptidy!l peptidase 4 (DDP4/CD26)) as novel bio-
markers for human cutaneous mast cells in normal skin,
psoriasis, and mastocytosis. They are important for skin
homeostasis and their presence in mast cells could help
to understand the roles of mast cells in skin under nor-
mal and pathological states. Desmoplakin, complement
C3, polymeric immunoglobulin receptor and cytokeratin
17 in plasma of psoriasis patients were found to correlate

Table 2. Novel mechanisms and hypotheses of the disease

with the PASI score and has the potency to predict disease
severity [77]. Drugs used in conventional psoriasis treat-
ment (methotrexate and cyclosporine) are associated with
renal and liver toxicities. Proteomics studies have shown
several proteins which could serve as potential biomark-
ers of cyclosporine-induced nephrotoxicity and methotrex-
ate-induced hepatic fibrosis [79, 80]. Metabolomics and
proteomics studies can be performed in two pathways:
untargeted and targeted approaches. Untargeted analysis
provides a global picture of metabolic or proteomic activity
and was used to differentiate between the healthy people

Protein Patients

Results/implications

Proteome profile (skin)

eczema

Acute psoriasis/chronic plaque
psoriasis/nickel-induced contact

The proteome profiles of acute psoriasis and contact
eczema are similar but different from chronic plaque
psoriasis, duration of the disease process may affect the
skin proteome pattern

Thymosin 4, talin 1, actin, filamin,
profilin, and calgranulins
a and b (plasma)

Psoriasis/healthy

Cytoskeletal and actin-binding

Proteins/peptides as well as Ca*-binding components
suggested disease-related cell leakage and altered
protease activity

Glutathione S transferase 1,
peroxiredoxin 2, and SFN protein
(skin)

Psoriasis/healthy

Abnormalities in cell proliferation, the regulatory/
balancing system, and the inflammatory response

Saliva proteome

Plaque psoriasis/diabetic/healthy Levels in plaque psoriasis and diabetic patients were

similar, both differed from normal saliva

Proteins involved in lipid metabolism
and vitamin D regulation, proteins
involved in the immune response and
signal transduction (plasma)

Psoriatic patients

Decreased levels of proteins involved in lipid metabolism
and vitamin D regulation

Increased level of proteins in the immune response and
signal transduction

Biomarker discovery for diagnostics and prognostics

Profilin 1, lysozyme C, and neutrophil  Psoriatic lesional skin/
gelatinase-associated lipocalin (NGAL) non-lesional area
(plasma)

Only profilin 1 had a tendency to increase in the psoriatic
plasma

Neural cell adhesion molecule
L1 (LICAM/CD171) and dipeptidyl
peptidase 4 (DDP4/CD26) (skin cells)

Mast cell proteome/other
skin cells (i.e., fibroblasts,

Skin homeostasis

keratinocytes, melanocytes)

Desmoplakin, complement C3,
polymeric immunoglobulin receptor,
and cytokeratin 17 (plasma)

Psoriasis/healthy

Correlated with the PASI score

Monitoring treatment efficacy and toxicities

CD1l1a Psoriatic skin after efalizumab

treatment

Vast diversity of inflammatory epitope co-localization

IL-17A, B-defensin 2 (skin and serum)  Psoriasis/healthy before
and after treatment with

secukinumab

Level of B-defensin 2 was correlated with the IL-17A
level and PASI score in psoriatic patients after treatment
a significant reduction of B-defensin 2 was observed

N-cadherin, inter-trypsin inhibitor
heavy chain H4, haptoglobin, and

serotransferrin (urine) or high-cumulative dose

Psoriatic patients treated with
low-cumulative dose (< 1500 mg) fibrosis

Potential biomarkers for methotrexate-induced hepatic

(> 1500 mg) of methotrexate

Proteins involved in the endoplasmic
reticulum stress response, protein
folding, apoptosis, metabolism,
transport, cytoskeletal assembly, and
nuclear/RNA regulation

Not specific to psoriatic
cyclosporine treatment

Potential biomarkers of cyclosporine-induced
nephrotoxicity
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and psoriasis patients, proposing new targets for diagno-
sis or metabolism understanding. Targeted analysis con-
centrates on metabolite or protein of interest for precise
measurement for diagnostic, prognostic or drug treatment
monitoring [78] (Figure 5 and Table 2).

Nutrigenomics: dietary ingredients affect
the regulation of the inflammatory process
in psoriasis

Chronic inflammatory skin disease — psoriasis pres-
ents complex genetic, epigenetic and environmental eti-
ology, including dietary background. It is believed that in
the presence of specific genetic variants, complex disease
phenotype requires nutritional and lifestyle-associated
triggering factors. Interestingly, the putative interplay be-
tween the skin, the immune system and the nutrients has
been revealed. Thus, the nutrigenomic approach has been
applied in human studies of psoriasis etiology and also
treatment. Nutrigenomics involves the effects of dietary
nutrients on cellular gene expression and gene methyla-
tion, and ultimately, phenotypic changes. To understand
the complex relationships between nutrition and psoriasis,
only few studies have investigated the effect of diet and
lifestyle on the psoriasis disease risk [74].

Psoriasis is treated with compounds targeting the
pro-inflammatory molecules i.e. TNF inhibitors. Approxi-
mately one-third of the patients do not respond to the
treatment. Perhaps one of the factors responsible for the
lack of efficacy is nutritional triggers. Unfortunately, stud-

ies regarding nutrigenomics in psoriasis, explaining the
putative mechanisms linking nutrients and inflammation
resulting in psoriasis development, are rare. The identifi-
cation of new biomarkers or patterns of biomarkers that
link nutrition with disease and its treatment represents
one of the major challenges of omics sciences in the pso-
riasis.

The effect of diet on mi-RNA expression

Although in the past two decades there has been in-
creasing evidence to support a modulating role of nutri-
ents in several physiological and pathological aspects, the
exact mechanisms remain elusive. Among the proposed
hypotheses, epigenetic DNA reprogramming has been
assessed through the evaluation of stimulated gene ex-
pression and mRNA transcription, DNA silencing through
CpG DNA modification (methylation); histone modification
(acetylation, methylation); and expression of small non-
coding RNAs, known as microRNAs (miRNAs) [81].

As elsewhere, miRNAs were powerful regulators
of gene expression and transcription, participating in
a number of metabolic functions of cells and different
disease development and progression.

It has been documented that natural agents, pre-
sumably exerting antioxidative and anti-inflammatory
properties, such as polyphenolic derivatives present
in fruits and wine, as well as Coenzyme Q10, vitamin
D, and microelement selenium were able to modulate
miRNA expression in different chronic diseases [82, 83]
—Table 3.

Novel mechanism

Plasma

Proteins involved in lipid metabolism
and vitamin D regulation
Proteins involved in the immune response
and signal transduction
Cytoskeletal and actin-binding, proteins/petides and
Ca?*-binding components suggests disease-related cell
leakage and altered protease activity

Biomarker discovery

Plasma
Desmoplakin, complement C3, polymeric
immunoglobulin receptor and cytokeratin 17 correlate
with the PASI score and could serve as the novel
biomarkers for the disease severity
Profilin 1 had a tendency to increase in the psoriatic
plasma
Skin
Neural cell adhesion molecule L1 (LLCAM/CD171) and
dipetidyl peptidase 4 (DDP4/CD26), could serve as
the novel
biomarkers for human skin mast cells
in normal, psoriatic
and mastocytosis skin

Figure 5. Proteomic changes in psoriasis [75-80]

Skin
Glutathione S transferase 1, peroxiredoxin 2 and SFN
protein, abnormalities in cell proliferation, the regulato-
ry/balancing system and the inflammatory response
Proteome profile of acute psoriasis and
contact eczema are similar but different from
chronic plaque psoriasis, duration of the
disease process may affect the
skin proteome pattern

Treatment monitoring
and toxicities

Skin and serum
B-defensin 2 increase in psoriatic patients, after
treatment with secukinumab their level significantly
decrease, may serve as a biomarker
for I-17A-driven psoriatic pathology

Human kidney cell line
Proteins involved in the endoplasmic reticulum stress
response, protein folding, apoptosis, metabolism,
transport, cytoskeletal assembly and nuclear/RNA
regulation could serve as potential biomarkers of
cyclosporine-induced nephrotoxicity

Urine
N-cadherin, inter-trypsin inhibitor heavy chain
H4, haptoglobin and serotransferrin could
be a biomarkers for methotrexate-
induced hepatic fibrosis
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Table 3. Dietary compounds and their effects on micro-RNA expression and psoriasis (adapted from Kocic et al. [85])

Dietary Effect on mi-RNA Local and systemic effects
compound expression
Resvestratol 1 miR-21 Reduction of expression of transcription factor NF-xB
Reduction of synthesis of proinflammatory cytokines: TNF-a,, IL-1B, IL-6, IL-8
Downregulation of MAPK, JANUS kinases and AP-1 transcription factor
Curcumin 1 miR-155 Downregulation of expression of AKT, and JANUS, AP-1 transcription factor, and mTOR pathway
4 miR-21 Reduction of expression of transcription factor NF-xB
Decrease of TNF-a and IL-6 synthesis
Quercetin T miR-146 Decreaseof expression of TNF-q, IL-6 and IL-17
Reduction of expression of transcription factor NF-xB
Vitamin D T miR-125b Reduction of expression of transcription factor NF-xB
d miR-155 Decreaseof TNF-a and IL-6 synthesis

Decrease of keratinocytes proliferation

miRNA-21 expression and diet

One of the most prominent miRNAs related to pso-
riasis is miR-21, present in different isomiR forms, which
differ at the 3’ end. The main target of miRNA-21 con-
tributing to chronic inflammation seems to be the dere-
pression of TNF-a synthesis. miR-21is also a promoter of
the inflammatory cascade and an apoptotic suppressor
[84-87].

Dietary modulations of miRNA-21 expression were ex-
amined in various in vivo and in vitro studies. Resveratrol,
normally present in red wine, red grape juice, mulber-
ries and peanuts is a powerful epigenetic modulator of
miRNA-21 capable of downregulating miRNA-21 in differ-
ent cell culture models [88, 89].

Curcumin, is a yellow polyphenol diferuloylmethane,
obtained from curcuma (Curcuma longa) that has been
documented to possess antioxidant and anti-inflamma-
tory properties. Clinical studies have documented that
miR-21 and miR-155 expression decreased after daily in-
take of curcumin. This decrease was followed by a sub-
sequent suppression of key proliferation kinases, such as
AKT kinase and TOR pathway, JNK kinase and transcrip-
tion factor AP-1. The inflammation was attenuated by de-
creased NF-kB activation, TNF-a and IL-6 synthesis [90].

Micro-RNA- 155 is highly overexpressed

in psoriatic skin

In vitro and in vivo experiments indicated that res-
veratrol and quercetin have a potential benefit on miR-
155 expression [88, 90, 91]. The downregulation of the
expression of miR-155 was followed in mice by the inhi-
bition of NF-xB activation and the consequent anti-in-
flammatory effect. miR-155 was also downregulated after
vitamin D treatment in both in vitro and in vivo experi-
ments. The anti-inflammatory effect proceeds through
decreased NF-xB signaling and p65 subunit reduction
[92,93].
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miR-125b is downregulated in both keratinocytes
and peripheral blood in psoriasis

This consequently leads to an increased keratinocyte
proliferation rate, together with altered differentiation and
an upregulated inflammatory cascade by de-repressed
mMRNA for TNF-a.. It targets FGFR-2, TNFa, P63 and NOTCH1
genes and increases keratinocyte differentiation and de-
creases their proliferation. Some data indicate the role of
diet on miR-125b expression. In vitro studies indicated that
vitamin D treatment was able to increase the miR-125b
level in cultures of prostatic epithelial cells [94]. Among
the flavonoids documented to have a potential benefit on
miR-125b expression is quercetin that has beneficial ef-
fects on miR-155 expression [91, 95] (Figure 6).

The role of diet in the regulation
of the inflammatory process in psoriasis

The occurrence of psoriatic plaques is determined
by both genetic and environmental factors. Diet, simi-
larly to infections and stress, is one of the latter, but still
underestimated [94]. Recent studies have revealed that
decrease of the inflammatory potential of the diet can
be used as a preventive measure in patients at risk of
psoriasis and PsA [96, 97].

Some psoriatic patients introduce various, some-
times controversial diets that are offered by alternative
medicine because of lack of efficacy with conventional
treatment [98]. However, psoriasis is frequently associ-
ated with impaired quality of life and depression which
may independently lead to changes in dietary habits.

Psoriatic patients are linked with poor nutrition. Ac-
cording to the National Health and Nutrition Examination
Survey (NHANES) study, the nutritional status concerning
proteins, saturated and polyunsaturated fatty acids, vita-
mins, antioxidants and total calorie intake have been an-
alyzed. Interestingly, a positive correlation between BMI,
increased level of vitamin A and a-carotene and nega-
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Figure 6. The role of micro-RNA in psoriatic skin (adapted from Kocic et al. [85])

tive correlation between simple carbohydrates intake
and psoriasis prevalence [99] were noted. Recent studies
have evaluated the empirical dietary inflammatory pat-
tern (EDIP) in order to identify dietary nutrients stimu-
lating the production of inflammatory state biomarkers
(IL-6, CRP, and TNF-a receptor 2) [100]. However, the
Nurses’ Health Study Il which evaluated EDIP every
4 years has not found any correlation between pro-in-
flammatory diet and increased prevalence of psoriasis. In
addition, a non-significant correlation between psoriatic
arthritis and pro-inflammatory diet was observed [99].

High energy diet leads to increased weight and ac-
cumulation of visceral fatty tissue, promoting meta-in-
flammation. Western diet is rich in saturated fatty acids
which are increasing the serum level of FFA. The studies
have confirmed that this may directly initiate the exac-
erbation of psoriatic inflammation. Saturated fatty acids
induce pro-inflammatory response in myeloid cells which
consequently leads to activation of keratinocytes [101].

The positive effect of low-calorie diet is not only
weight reduction, but also is driven by low arachidonic
acid intake. This leads to a decrease in the pro-inflam-
matory metabolite level — leukotriene B4, less activity of
lymphocytes CD4+ and increase of the anti-inflammatory
IL-4 level. Vegetarian diet is also associated with low in-
take of arachidonic acid and a reduced level of lactofer-
rin, the marker of neutrophil activation [102, 103].

The positive effect of low-calorie diet results in de-
creased levels of ROS. The neutrophils are the source of
ROS in psoriatic plaques (Munro’s micro-abscesses) and
release myeloperoxidase [104]. ROS damage endothelium
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and increase microvascular permeability. This leads to
pro-inflammatory cells migration and promotes inflam-
matory state [102].

Oxidative stress may also stimulate dendritic cells
(DQ) to activate effector T-cells, promote pro-inflamma-
tory cytokines production and angiogenesis and activate
transcription factors in keratinocytes leading to their hy-
perproliferation. In addition, ROS may increase the activ-
ity of transcription factors: MAPK, NF-xB and JAK-STAT
[104, 105].

Therapeutic fasting remains controversial in pa-
tients with psoriasis. It can promote autophagy, which
is a selected degradation of damaged organelles and
proteins in order to maintain cellular homeostasis. The
impairment of this process can cause malignancies, neu-
rodegenerative and autoimmune disorders. It has been
reported that cultural or religious fasting (such as Rama-
dan —fasting 17 h daily for 1 month) was associated with
a statistically significant decrease in the CRP level, reduc-
tion in PASI, and indicators of PsA activity [106].

Many studies have confirmed the increased level of OS
markers in psoriatic patients. It has been observed that
the levels of malondialdehyde in plasma or serum, lipid
peroxides or nitric oxide were increased while antioxidant
levels (thiol linked with albumin), vitamin E in serum and
activity of major antioxidants (erythrocyte superoxide dis-
mutase, catalase and peroxidase) were decreased, which
correlated with PASI [104, 105]. The consequence of OS
is lipid peroxidation and oxidization of LDL (ox-LDL —the
main factor of atherosclerosis). In addition, OS leads to an
increase in eicosanoids and pro-inflammatory thrombox-
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ane production [96]. Delphinidin, an antioxidant (a plant
pigment that can be found in fruits: grapes, blueberries,
elderberries, cranberries) inhibits keratinocytes prolifera-
tion and inflammation in psoriasis [107].

Omega-3 and 6-PUFA are not synthesized by humans
and according to the National Institutes of Health Panel
should be administered in a ratio of 1: 1.8. Unfortu-
nately, this recommended balance in the Western diet
is severely impaired and reduced to a ratio of 1: 20. This
imbalance is associated with the significant increase in
overweight and obesity. Moreover, the PUFA exerts a dif-
ferent effect on adipose tissue in terms of adipogenesis,
lipid homeostasis, the gut-brain axis and systemic in-
flammation which may lead to promotion of metabolic
disorders and atherosclerosis [108, 109]. Omega-6 acid
is linoleic acid which is a precursor of arachidonic acid
(AA). Arachidonic acid metabolites (PGE2 and LTB4) have
pro-inflammatory effects and may promote neutrophil
chemotaxis and enhance epidermal cells proliferation.

Omega-3 fatty acids (a-linoleic acid and its deriva-
tives) inhibit the release of AA from cell membrane phos-
pholipids and compete with AA for the same enzymes,
which results in production of anti-inflammatory mol-
ecules, such as LTB5. It has been observed that LTB5 is
a 10-times less potent chemotactic agent in comparison
to LTB4 and is a weaker keratinocyte proliferation stimu-
lator [102, 110, 111]. It has been also found that o-6 fatty
acids may stimulate the production of pro-inflammatory
cytokines such as IL-1, IL-8 and TNF-a, whereas w-3 fatty
acids have the opposite effect by reducing the activation
of signaling paths of NF-«xB, PPAR-g [102, 110, 111].

The popularity of vitamin D, supplementation has
raised hope in its potentially beneficial effect in psoriasis
treatment. The skin represents a key organ in the vitamin D
endocrine system, acting as a site of vitamin D synthesis
as well as a target tissue for biologically active vitamin D
metabolites. Moreover, autoimmunity has been associ-
ated with vitamin D deficiency and resistance, with gene
polymorphism related to vitamin D metabolism [112].
Keratinocytes are involved in the autonomic pathway of
vitamin D synthesis using CYP27B1 for the most active vi-
tamin D metabolite, 1,25-dihydroxyvitamin D, (1,25(0H)D,
or calcitriol). Several studies have indicated that vitamin
25(0OH)D is deficient in patients with psoriasis compared
to healthy people [113, 114]. Moreover, this decrease was
irrespective of age, gender, BMI and PASI score and tends
to worsen in winter [115-117].

The role of vitamin D as a main regulator of skin
physiology is very complex. It was observed that topical
application of vitamin D, leads to down-regulation of anti-
apoptotic protein Bcl-x| [118]. That involves regulation of
keratinocyte proliferation, differentiation and apoptosis,
regulation of the cutaneous immune system (inhibition
of T cell proliferation, Tregs induction), down-regulation
of pro-inflammatory cytokines, stimulation of antimicro-
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bial peptides expression, regulation of barrier integrity
and permeability [113]. This concept was also supported
by the observation that its derivatives have been used in
topical treatment. However, further research is necessary
to establish the beneficial effect of vitamin D, in psoriasis
and its routes of delivery [114]. This could include testing of
novel non-calcemic hydroxyderivatives that are products
of an alternative pathway of vitamin D activation [119].
The novel forms of vitamin D act also on alternative nu-
clear receptors including retinoic orphan receptor (ROR)y,
a master regulator of IL-17 [120, 121]. They also inhibit NF-
kB activity [122].

Cyclitols, natural sugar alcohols, are compounds with
protective properties which have been found to be effec-
tive in IR, lipid disorders and polycystic ovary syndrome.
Their immunomodulating effect may suggest that some
of them such as D-pinitol, D-chiro-inositol and myo-inosi-
tol may be used in psoriasis treatment [102]. It has been
observed that these compounds normalize the balance
between Th1, Th17 and Th2 lymphocytes, inhibit pro-in-
flammatory cytokine production (TNF-a), stimulate the
keratinocyte apoptosis, inhibit oxidative stress and angio-
genesis [98]. Moreover, vegetable food containing cyclitols
may play an additional role in psoriasis prevention [102].

The Mediterranean diet is highly recommended for
patients with psoriasis. This diet reduces systemic inflam-
mation and thus the risk of metabolic syndrome, CVD and
other chronic inflammatory diseases [114, 123]. This diet
is characterized by high intake of fruits and vegetables,
legumes, cereals, fish, nuts and extra virgin olive oil which
is an important source of monounsaturated fat (MUFA).
This type of fat improves the lipid profile by reducing LDL
levels and increasing HDL levels, thus leading to CRP and
IL-6 reduction. The meat, milk products, eggs and alcohol
intake in this diet is low to intermediate. This diet provides
dietary fiber, antioxidants and polyphenols [114, 123, 124].
Recent meta-analyses have confirmed the anti-inflamma-
tory beneficial effects of the Mediterranean diet [102].

The Italian scientists have analyzed randomized con-
trolled trials concerning the nutritional strategies such as
hypocaloric diet, vitamin D, oil fish, selenium and zinc sup-
plementation in patients with psoriasis. It has been shown
that weight reduction in addition to healthy lifestyle have
exerted beneficial effects in terms of psoriatic plaques
reduction (PASI) in patients with moderate to severe dis-
ease. Supplementation of zinc, selenium and -3 fatty ac-
ids have proved beneficial in patients with psoriasis [125].

Dietary recommendations in patients with
psoriasis

There are not enough data, especially from random-
ized controlled trials, to recommend specific dietary in-
terventions in psoriatic patients. In a recent trial, 86% of
patients adopted dietary modifications in order to miti-
gate the disease severity [126]. The survey study in coop-
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Table 4. Diet recommendations for patients with psoriasis

Recommended

Not recommended

» 1-2 g of w-3 PUFAs per day (oily fish: sardines, salmon,
mackerel, herring, tuna and vegetable oils: linseed, rapeseed,
soybean, corn oil) — wild fish (not farmed),

» Consumption of antioxidants such as 400 mg of selenium per
day (oat, brown rice, pumpkin seeds, poultry, fish), 100-200 mg
of coenzyme Q per day, 50 mg of vitamin E per day and
polyphenols (grapes, apples, cocoa, cranberries, black currants)

* Supplementation of vitamin D, (oily fish, fish oil)

¢ Only in case of gluten intolerance, glute-free diet is
recommended (elimination of wheat, rye, barley and oats)

« Nightshade vegetables (tomatoes, paprika, chili-pepper,
eggplant, pepper)

* Red meat, animal fats and offal

« All types of alcohol should be avoided (except for a glass
of red wine containing resveratrol)

¢ Consumption of highly processed foods containing
preservatives and fried foods (damage of essential non-
saturated fatty acids in high temperature and formation
of harmful and carcinogenic compounds: acrolein and
acrylamide)

¢ Excessive consumption of products containing caffeine and
spicy food is not recommended

eration of the National Psoriasis Foundation has found
that psoriatic patients in comparison to control subjects
have eaten significantly less sugar, whole grain fiber,
dairy and calcium. Moreover, psoriatic patients have
consumed more fruits, vegetables and legumes in com-
parison to controls [126]. The largest percentage of pa-
tients reported improvements in the skin condition after
reduction in alcohol (53.8%), gluten (53.4%), nightshade
family intake (tomatoes, paprika, chili-pepper, eggplant
and pepper) (52.1%). This beneficial effect has also been
associated with the increase in fish oil/omega-3 (44.6%),
vegetables (42.5%) and oral vitamin D intake (41%). In ad-
dition, Pagano alkaline, vegan and Paleolithic diets have
been reported to exert a beneficial effect on skin lesions
reduction (72.2%, 70% and 68.9%, respectively). More-
over, 41.8% of respondents have admitted that the main
reason for adopting diet changes was an improvement in
the health status [126].

The National Psoriasis Foundation review of dietary
recommendations based on clinical evidence (Medline
from 1 January 2014 to 31 August 2017) has confirmed
the efficacy of weight-loss diet (strong recommendation).
Gluten-free diet was recommended only in patients with
serologically confirmed gluten intolerance. In patients
with PsA there is a weak recommendation to adminis-
ter vitamin D and to reduce weight in hypocaloric diet in
overweight and obese patients [127].

There is strong evidence that weight loss is beneficial
in modifying the course of the disease as well as a glu-
ten-free diet in patients with anti-gliadin antibodies [98,
126-129].

The increased intake of m-3 PUFA, folic acid, vitamins
A, D and E may play a significant role due to their anti-
inflammatory properties [130-132]. Moreover, diet may
modify gut microbiota by regulating the activity of Th17
and Treg. The importance of the gut-skin axis in patho-
genesis of psoriasis has been recently documented [131].

It should also be noted that severe course of psoriasis
may lead to deficiencies of nutrients (proteins, folic acid
and antioxidants) due to excessive epidermal prolifera-
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tion and its rapid desquamation. Consequently, the de-
crease in total protein and serum albumin levels, increase
in erythrocyte volume and reduction of hematocrit is ob-
served. Finally, the patients with severe psoriasis require
systemic treatment which also affects the nutritional
status (Table 4) [98].

Benefits of adopting optimal diet in psoriasis

A low-calorie diet may be regarded as addition to
standard therapy in psoriasis. Weight loss of 5-10%
improves therapeutic response to cyclosporine-A treat-
ment in obese patients with psoriasis and prolongs
the remission period after successful treatment with
methotrexate [123].

Moreover, microelements may improve the efficacy
of methotrexate. The effects of treatment with addition
of various antioxidants (vitamin C, zinc, selenium, bio-
flavonoids) and vitamin D in higher than recommended
daily allowances were better than monotherapy (PASI
reduction and a decreased level of pro-inflammatory cy-
tokines: IL-1B and TNF-a) [132].

Interestingly, diet may affect the pharmacokinetics
of administered agents. The combined use of cyclospo-
rine and grapefruit juice increase the bioavailability of
the drug by 60% due to inhibition of cytochrome P450-
mediated metabolism. Therefore, the patients should be
aware that it is necessary to avoid grapefruit juice during
treatment [98].

The administration of vitamin A derivatives (acitretin,
etretinate) however, can cause hypervitaminosis. The risk
is increased when patients also use dietary supplements
and food rich in vitamin A. The main signs and symptoms
include headache, weakness, and anorexia. Moreover,
retinoids may also affect the lipid profile: they increase
triglycerides and cholesterol level. Therefore, during treat-
ment, patients are advised to use -3 PUFAs and reduce
simple carbohydrates and alcohol intake [98, 133]. It has
been shown that impairment of lipid and glucose me-
tabolism was temporary and was not associated with
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changes in BMI and in the level of adipokines related to
obesity (TNF-a, resistin, adiponectin) [98, 133].

Conclusions

Psoriasis is a complex disease, associated with chron-
ic comorbidities related to the systemic inflammation.
Dermatologists should consider the patient holistically,
and recommend the treatment based on a range of fac-
tors, including disease severity, quality of life impairment
and comorbidities. Patients with psoriasis should be ad-
vised to adopt proper diet and dietician support.
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