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Circulating levels of lipocalin-2 and retinol-binding protein-4 are
increased in psoriatic patients and correlated with baseline PASI
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Abstract Psoriasis has been related to metabolic syn-
drome (MS). Adipocytokines produced by white adipose
tissue may be involved in the pathogenesis of psoriasis and
its association with MS. Our objectives were to charac-
terize the profile of a number of different inflammatory and
atherogenic markers, vitamins, adipokines and cytokines
and their potential involvement in MS in patients with
moderate-to-severe psoriasis without joint involvement
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compared to anthropometrically matched controls, and to
evaluate correlation with severity of the skin disease and
changes after narrow-band UVB (NB-UVB) phototherapy.
We designed a prospective cross-sectional study. Baseline
waist circumference, body fat composition, lipid, carbo-
hydrate and calcium metabolism profile, inflammation
markers, homocysteine and vitamins D, B6, B12 and folic
acid, leptin, resistin, omentin, lipocalin-2, adipocyte fatty
acid-binding protein, retinol-binding protein-4 (RBP-4),
interleukin-6, soluble tumour necrosis factor receptor 1
(sTNFR1) and interleukin-17 of 50 psoriasis patients and
50 gender, age and body mass index-matched controls were
recorded, then evaluated after NB-UVB in the patients. The
patients had higher baseline serum concentrations of leptin,
RBP-4, lipocalin-2 and sTNFRI1. Baseline psoriasis area
and severity index correlated with serum concentrations of
RBP-4 and lipocalin-2 only. Principal components analysis
disclosed a component including vitamins B12, B6, folic
acid, calcidiol and HDL-cholesterol that was only present
in healthy controls and opposed to a cluster of variables
which promote MS. This component was absent in the
patients. Our results point to lipocalin-2 and RBP-4 as
relevant mediators of the trend towards MS in psoriatic
patients.

Keywords Psoriasis - Adipokines - Phototherapy -
Comorbidities - Metabolic syndrome

Introduction

Psoriasis is an inflammatory skin disease that has been
related to obesity and metabolic syndrome (MS) [2].White

adipose tissue is a known source of adipokines and cyto-
kines that can mediate the development of insulin
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resistance, endothelial dysfunction and atherosclerosis [5].
Adipocytokines may be involved in the pathogenesis of
psoriasis and previously published studies have reported
their overexpression in this skin disease [8, 19]. The
interaction between adipocytokines and chronic skin and
systemic inflammation in psoriasis can be bi-directional.
Thl and Th17 lymphocyte activation in psoriasis is a
shared pathway with adipokine activation [19]. Psoriasis
has been genetically linked to obesity [18] and may also act
as an attracting element in terms of risk factors which
eventually lead to the patients developing MS.

Adipokines such as leptin [6, 13, 19], adiponectin [33]
and resistin [19] have been extensively studied in psoriatic
patients and proposed as a link in the causal relationship
between psoriasis and its comorbidities. Published data on
lipocalins such as retinol-binding protein-4 (RBP-4) and
lipocalin-2 are more sparse [13, 20]. RBP-4 is produced in
the liver and the adipose tissue [13]. Lipocalin-2 has been
recently identified as adipokine. It is expressed in liver,
lung, kidney adipocytes, macrophages and epithelial cells
[20]. It has also been known as neutrophil gelatinase-
associated lipocalin (NGAL) and it is important in the
innate immune response to bacterial infection. It has been
reported to be increased in the epidermis of psoriatic
lesions [22, 30]. Adipocyte fatty acid-binding protein (A-
FABP) has been linked to regulation of insulin sensitivity,
lipid metabolism, atherogenesis and inflammation [3], but
it has never been specifically studied in psoriasis. Omentin
is a newly discovered adipokine [29, 34] that has been
studied in obesity [11] and inflammatory arthritis [4], but
its role in inflammation and cardiovascular morbidity
remains unclear. It has been found decreased in psoriatic
patients when compared to healthy controls [17].

Some cytokines that are upregulated as a result of
lymphocyte activation in psoriasis have also been descri-
bed as mediators of atherosclerosis and cardiovascular
morbidity [1, 27]. Adipose tissue can also produce some of
these cytokines, such as interleukin-6 (IL-6) [24], tumour
necrosis factor (TNF) [32] and interleukin-17 (IL-17) [25].
The involvement of Thl and Th17 lymphocytes in psori-
asis and atherosclerosis [1] provides a plausible explana-
tion for their shared pathophysiology. Table 1 shows a
summary of known functions and sources of these adipo-
cytokines and their possible role in psoriasis.

Most studies aiming to clarify the role of systemic
inflammation in psoriasis and its involvement in the evolu-
tion towards metabolic abnormalities have included a sig-
nificant number of patients with psoriatic arthritis and obesity
[13,21]. Those patients have a higher systemic inflammatory
burden than patients whose disease is limited to the skin.
However, both skin and joint inflammation might contribute
to the final outcome, so evaluation of patients exclusively
with skin involvement would be very valuable.
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Although statistical analysis has often pointed to psori-
asis as an independent factor of MS, not all studies match
their patients to a control group with comparable anthro-
pometric and inflammatory profiles.

In a previous study [28], we identified a distinctive body
fat composition and atherogenic pattern in moderate-to-
severe psoriatic patients treated with narrow-band UVB
(NB-UVB) phototherapy. Using the same cohort, our aim
was to characterize the profile of a number of different
adipokines and cytokines in patients and controls and to
evaluate correlation with severity of the skin disease and
the changes after NB-UVB.

Materials and methods

We studied the profile of a number of different adipokines and
cytokines in patients with moderate-to-severe psoriasis
compared to controls matched for gender, age and body mass
index (BMI). Subjects with psoriatic arthritis, along with a list
of other inflammatory diseases (inflammatory bowel disease,
rheumatoid arthritis, active metastatic neoplasia or infection,
granulomatous diseases, thyroid disease and advanced renal
or liver failure), were excluded from the study.

We further studied the changes in this profile after NB-
UVB and the relationship with different anthropometric
and laboratory variables.

Inclusion and exclusion criteria, treatment, clinical
evaluation and laboratory studies have been described
previously [28]. In short, psoriatic patients with psoriasis
area and severity index (PASI) >10 aged 18 years or over
were recruited in the Phototherapy Unit of Hospital Parc
Tauli from January 2010 to May 2011, not including the
months of strongest sunlight (April-September) to avoid
interference from UV sources other than phototherapy. The
patients should have not received any systemic treatment at
least 1 month prior to inclusion. During the same period,
we recruited matched controls without psoriasis. We
recruited patients and controls excluding a list of inflam-
matory and neoplastic diseases [28], including psoriatic
arthritis, which might interfere with the evaluation of
psoriasis as a single factor of chronic systemic inflamma-
tion. Anthropometric measurements (including BMI, waist
circumference and body fat composition as determined by
electrical bioimpedance) and fasting venous blood samples
were taken for assessment and repeated on patients after
completion of the phototherapy course. The standard serum
determinations included a lipid, carbohydrate and calcium
metabolism profile, inflammation markers (standard and
high-sensitivity C-reactive protein and ferritin), homocys-
teine, uric acid, vitamins D, B6, B12 and folic acid.
Samples were frozen and stored at —80 °C until the end of
the study protocol, and then shipped to the laboratory for
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Table 1 Summary of known functions and sources of adipocytokines depicted in the present study, and their possible role in psoriasis

Adipocytokine Sources Changes Known actions and Known actions and References
previously relationships at the relationships at the
described in  cutaneous level systemic level
psoriasis
Leptin Adipose tissue, Increased Increase in Thl and Th17 Related to BMI. Pro-atherogenic. Wang et al. [37],
placenta, population and local Predictive of cardiovascular Takahashi et al. [35]
muscle, inflammation (TNF, IL-1p). disease. Increase in IL-6, IL-12,
stomach, liver, TNF
pituitary gland
Resistin Adipose tissue Increased Increase of TNF, and CXCLS8 Proinflammatory (increase in Johnston et al. [19],
(stimulator of keratinocyte TNF, IL-12). Related to innate  Gerdes et al. [14],
proliferation), enhancer of immunity. No good correlation . .
functional T regulatory cell with adiposity or insulin Gisondi et al. [15]
expansion. resistance
A-FABP Adipose tissue Not reported  Unknown Related to innate immunity Cabré et al. [3]
(macrophage activation).
Increased in diabetes.
Omentin Adipose tissue Decreased Unknown Decreased in obesity and Ismail and
diabetes, it may play a Mohamed [17]
protective role in obesity-
related cardiovascular disorders
RBP-4 Adipose tissue Controverted Unknown Controverted role as potential Gerdes et al.
and liver predictor of diabetes or limited [13, 14],
to proinflammatory actions Nakajima et al. [25]
Lipocalin-2 Liver, adipose Increased Related to Th17-mediated Related to innate immunity Kamata et al. [20]
tissue, lung, inflammatory markers (IL-6 (macrophage function),
kidney, and TNF) adiposity, atherogenesis and
epithelial cells inflammation.
rTNF Inmune cells, Increased Overexpressed in psoriatic skin. Related to BMI. Pro- Chodorowska [7]
adipose tissue Pathogenic role confirmed. inflammatory. Mediator of host
response to tissue injury and
infection. Regulator of insulin
sensitivity.
IL-6 Inmune cells, Increased Overexpressed in psoriatic skin. Related to BMI. Pro- Gerdes et al. [13, 14]

adipose tissue
proliferation.

Stimulates keratinocyte

inflammatory. Mediator of host
response to tissue injury and
infection

analyses for leptin, resistin, omentin, A-FABP, RBP-4, IL-
6, soluble tumour necrosis factor-alpha receptor-1
(sTNFR1) and IL-17. The following commercially avail-
able ELISA kits were used: for omentin, IL-17, A-FABP,
lipocalin-2 and resistin, Biovendor Laboratory Medicine,
Inc., Palackeho, Czech Republic; for IL-6 and RBP-4,
R&D systems, Minneapolis, MN, USA; for Leptin, As-
saypro, St Charles, MO, USA; and for sTNFRI1, Linco
(Millipore), Billerica, MA, USA. The ELISA tests were
performed in duplicate, following the manufacturer’s
instructions, in the patients and controls at baseline and in
the patients after completion of the phototherapy course.

Statistical analysis

Data sets were tested for normality with the appropriate
tests, and distribution was normal. Differences were tested

using Student’s paired ¢ test for quantitative variables and
the McNemar test for qualitative variables. For quantitative
variables divided in categories, one-way ANOVA (analysis
of variance) was applied. Linear regression analysis further
determined multivariate relationships. For the variables
that were statistically different in patients and controls, a
multivariate logistic regression model was applied to detect
a significant risk for certain values being predictive of
having psoriasis.

Given the number of variables gathered in this study,
we applied the principal components analysis (PCA) [26]
to better ascertain multivariate relationships and with
the aim of clustering groups of variables into compo-
nents that explained a common effect. Principal compo-
nents analysis can reduce the dimensionality of a data
set, retaining the characteristics that contribute to its
variance.
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Table 2 Main variables of this study in patients before and after treatment and in matched controls

Controls (C) Patients before Patients after p value p value p value
treatment (Pb) treatment (Pa) significant (C significant (Pb significant (C
vs. Pb) vs. Pa) vs. Pa)
Gender
Male 31 31 31
Female 19 19 19
Age (years) 46.06 + 17.53 46.38 + 17.29 46.38 + 17.29
BMI (kg/m?) 27.52 £ 543 27.56 £+ 5.39 2791 £+ 5.61
PASI NA 15.59 £ 542 3.5 £ 331 *p < 0.001
MS(+) 42 % (21/50) 54 % (27/50) 54 % (27/50) *p = 0.01 *p = 0.01
Waist 96.75 £ 13.98 98.10 £ 11.35 98.30 £ 11.04
circumference
(cm)
Male 97.11 £ 12.21 99.38 £ 10.21 99.53 £+ 10.09
Female 96.15 £+ 16.81 96.00 £+ 13.02 96.38 £+ 12.44
% Body fat 27.96 £+ 10.83 29.86 £ 10.33 29.64 £ 10.31 *p = 0.037
Omentin (ng/dl) 403.41 £ 134.24 360.59 + 117.68 385.42 £+ 124.48
A-FABP (ng/ml) 21.64 + 23.42 20.46 £+ 12.15 20.11 £+ 10.42
Leptin (ng/ml) 11.02 £ 6.79 13.95 £ 10.06 12.06 £+ 9.35 *p = 0.032
MS(+) 15.70 £ 10.63 14.35 £ 10.83 *p = 0.024
MS(-) 10.21 £ 9.10 10.39 £ 6.71
Male 8.14 £+ 3.62 8.50 + 5.29 8.09 +4.93
Female 15.44 £+ 8.15 20.57 £ 11.77 19.49 £+ 10.41 *p = 0.048
Resistin (pg/ml) 3.19 + 1.07 3.40 + 1.16 353 +08
RBP-4 (ng/ml) 10,763.52 + 2,440.74 15,660.86 + 7,769.53 13,991.78 *p < 0.001
+ 4,942.92
Lipocalin-2 (ng/ 40.40 £ 14.32 50.34 £ 14.42 47.76 + 14.47 *p = 0.001 *p =0.03
ml)
STNFRI1 (ng/ml) 1,182.40 £+ 309.2 1,410.42 £+ 370.5 1,438.74 4+ 4222 *p = 0.007 *p = 0.005
IL-17 (pg/ml) Undetectable Undetectable Undetectable
IL-6 (pg/ml) 1.18 + 1.34 1.06 + 0.55 0.88 + 0.52 *p = 0.027 *p =0.03

Value data are presented as mean + SD

MS(=): fulfilled/not fulfilled IDF (International Diabetes Foundation) criteria for metabolic syndrome

% Body fat percentage body fat (as calculated by electrical bioimpedance), NA not applicable

p values <0.05 are considered statistically significant

Statistical calculations were performed with SPSS 17.0
software (SPSS Inc., Chicago, IL, USA). All p values were
two-sided and a p value <0.05 was considered statistically
significant. Results are presented as mean =+ standard
deviation.

Results

The study included 50 psoriatic patients (49 of them pre-
senting chronic plaque psoriasis and only one patient with
guttate psoriasis that subsequently evolved into plaque
psoriasis) with a mean age of 46.38 £ 17.29 and 50 mat-
ched controls with a mean age of 46.06 £ 17.53. Mean
duration of the disease was 18.09 £ 15.28 years (range
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6 months—59 years). Mean basal PASI was 15.59 + 5.42.
Mean BMI was 27.5 kg/m*. The main parameters of the
study with their values at baseline in patients and controls
and after therapy in patients are presented in Table 2.

Adipocyte fatty acid-binding protein (A-FABP), omen-
tin, resistin and IL-6 did not differ at baseline between
patients and controls. A-FABP positively correlated with
percentage body fat (p = 0.004, R* = 0.367).

Soluble TNFR1 was higher in patients than in controls
(p = 0.007) and there was no change after treatment.

Leptin concentrations were higher in women than in
men as it has previously been described. Leptin was higher
in patients than in controls (p = 0.032) due to the marked
differences in women, and patients that met IFD (Interna-
tional Diabetes Federation) criteria for MS had a higher,
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Controls
Variables factor map (PCA)

Pre-treatment patients
Variables factor map (PCA)

Post-treatment patients
Variables factor map (PCA)
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Fig. 1 Variables factor map resulting from the principal components
analysis (PCA) in controls (left), patients before treatment (centre)
and patients after completion of the phototherapy course (right). Red
arrows show metabolic syndrome (MS)-promoter variables. Green
arrows show variables protective against MS. Lipocalin-2 is repre-
sented with blue arrows. Omentin is represented with black arrows.

although not statistically significant, leptin concentration
(one-way ANOVA, p = 0.051). There was no change after
treatment although in the analysis of the patients divided
into two groups according to the presence of MS there was
a significant decrease in leptin after treatment in those
patients with MS (p = 0.024). After therapy leptin values
concerning patients did not differ from those of controls as
it happened before therapy.

In multivariate analysis, leptin positively correlated with
percentage body fat as calculated by electrical bioimped-
ance, LDL cholesterol, apo-B and A-FABP.

Lipocalin-2 was higher in patients than in controls
(»p = 0.001) and it did not change significantly after
treatment. Multivariate linear regression detected a positive
correlation between baseline lipocalin-2 and PASI
(p = 0.023, R* = 0.078), RBP-4 (p = 0.038, R* = 0.069)
and percentage body fat (p = 0.012, R* = 0.706). Multi-
variate logistic regression showed an odds ratio of 1.682
for psoriasis for every 10-unit change in lipocalin-2 (con-
fidence interval 1.62-1.74).

RBP-4 concentration was higher in patients than in con-
trols (p < 0.001), but it did not decrease after therapy.
However, after treatment, the difference in its levels between
controls and patients lost statistical significance. Multivariate
analysis showed a correlation between RBP-4 and baseline
PASI (p = 0.024, R*=0.009), sTNFR1 (p = 0.031,
R* =0.028), IL-6 (p = 0.026, R* = 0.005) and resistin
(p = 0.04, R? = 0.027). Multivariate logistic regression was
applied, with the odds ratio for psoriasis found to be 1.03966
for RBP-4 concentration (confidence interval 1.03947-
1.03985), for every 100-unit change in the variable.

Interleukin-6 (IL-6) decreased significantly after pho-
totherapy (p = 0.027). In a multivariate regression model,

Dim 1 (22.47%)

Dim 1 (22.96%)

Retinol-binding protein-4 (RBP-4) is shown by orange arrows. IL-6
interleukin-6, hs-CRP high-sensitivity C-reactive protein, bmi body
mass index, wc waist circumference, pbf percentage body fat
(calculated by electrical bioimpedance), a-fabp adipocyte fatty acid-
binding protein, sTNFR soluble tumour necrosis factor receptor

the decrease in IL-6 was only significantly correlated with
the decrease in ferritin (p = 0.005, R* = 0.157).

Interleukin-17 (IL-17) was undetectable in both patients
and controls, with and without the 1:2 dilution recom-
mended by the kit’s manufacturer, with all values below
the last standard.

Principal components analysis (PCA)

Factor maps from the PCA including the most relevant
study variables along with our previous results [24] are
shown in Fig. 1. A clustering of variables can be seen (red
arrows) that exert an atherogenic and inflammatory action
commonly linked to the evolution towards MS. They
include, among others, LDL cholesterol, body fat per-
centage, waist circumference, BMI, ferritin, resistin,
A-FABP, leptin and sTNFR1. The component we have
named as “promoter” of MS is present both in patients and
controls. However, controls show a second clustering of
variables (in green) opposed to the “promoter” component
and comprising vitamin D (calcidiol), vitamins B6 and
B12, folic acid and HDL-cholesterol, all of which could be
associated with protective actions against MS. We named
this component as “protector”. We see that it is expressed
in the controls but not in the patients, even after
improvement of psoriasis with treatment.

Some variables changed position in the factor map. Li-
pocalin-2 (blue arrow) is within the promoter component in
controls, but opposed to it in the patients. Omentin (black
arrow) was opposed to the promoter component in the
controls, but within it in the patients. RBP-4 (orange arrow)
was near the protector component in controls, but within
the promoter component in patients.
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Discussion

In our study, which included psoriatic patients without
arthritis, we have shown differences in the adipokine pro-
file between psoriatic patients and controls that seem to be
independent of joint involvement. Lipocalin-2 and RBP-4
in particular appeared to be related to severity of the skin
disease.

Our results provide new insight into the relationship
between psoriasis and adipokines, particularly the lipoca-
lins, which have been shown to be involved in the initial
stages of insulin resistance development and the response to
bacterial infection [10, 12, 16, 36, 37]. In order to describe
the metabolic and inflammatory profiles in our patients, we
studied a set of adipokines, some of them already explored
in psoriasis. We searched for a possible correlation between
these metabolic pathways and cytokines that are overex-
pressed by the different lymphocytic subpopulations
involved in the pathogenesis of psoriasis (TNF, IL-6 and IL-
17) and parameters of atherogenesis, insulin resistance and
inflammation. These had been explored in our previous
publication [28] where we found significant differences in
body fat content as determined by electric bioimpedance,
apo-B, LDL-cholesterol and uric acid, between patients and
controls with a matched BMI.

In the present study, we found a positive correlation
between leptin, lipocalin-2 and A-FABP, and body fat
content. This result points to the close relationship between
psoriasis pathogenesis and abdominal fat which is shared
with MS [5].

Leptin, lipocalin-2 and RBP-4 were higher in patients
than in controls, whereas the rest of the study variables
were not different between the two groups. The increase in
the production of lipocalins and leptin should be attributed
to the differences in body fat content in psoriatic patients,
although we cannot rule out that psoriatic disease acts as an
attractant for unknown risk factors that would determine a
distinctive fat distribution and adipokine secretion pattern.

Resistin, IL-6 and IL-17 have been linked to inflam-
matory activity and PASI in previous publications, but
displaying heterogeneity in their results [8, 9, 19, 31]. IL-6
has been associated with inflammatory activity and car-
diovascular risk [27], but our results were comparable in
patients and controls. However, IL-6 decreased signifi-
cantly after treatment, correlating with a decrease in fer-
ritin. The design of the study, together with the weak
correlation between the improvement in these parameters
and PASI improvement, does not enable us to conclude
whether the decrease in inflammation is the result of clin-
ical improvement of psoriasis or an intrinsic effect of UVB
phototherapy.

Soluble TNF receptor was higher in patients than in
controls but did not decrease after treatment. These results

@ Springer

are in contrast with those from Coimbra et al. [9], who
found no differences in TNF levels between their patients
and controls, but a significant decrease after phototherapy.
The disparity among results published in the dermatology
literature [8, 9, 13, 14, 21, 31] can be attributed to heter-
ogeneity in the study designs, non-standardised laboratory
techniques and the inclusion of psoriatic patients with
variable severity and inflammatory profiles. Our results
indicate that there is an inflammatory state in psoriatic
patients without arthritis which is not completely corrected
with clinical improvement of psoriasis after treatment.
Lipocalin-2 and sTNFR levels persisted higher than those
of controls after phototherapy. On the other hand, leptin
and RBP-4, which had been significantly different between
patients and controls prior to treatment, did not differ after
phototherapy, meaning that the treatment had at least some
effects on the metabolic and inflammatory balance.

Principal components analysis is useful for finding pat-
terns in high-dimensional data [26]. In the whole data set
from our study, which contained a large number of vari-
ables, we applied PCA to identify clusters of variables with
a common effect and the way they differed between patients
and controls and in patients before and after treatment.

Our results showed a protector component that seemed
to be present in the control group but not in psoriatic
patients. This component included a cluster of variables
including HDL-cholesterol, calcidiol, folate and vitamin
B12, which can counteract components of MS. Patients
with psoriasis had a distinctive factor map, where those
protective variables were intermingled with the cluster of
MS-promoter variables rather than forming an opposed
structured component as in the controls. These findings
suggest a peculiar metabolic environment in psoriasis,
probably associated with a pro-inflammatory state, which
makes psoriatic patients more prone to MS than controls.
Moreover, this state is not modified with clinical
improvement after phototherapy.

Lipocalin-2 and RBP-4 correlated with baseline PASI,
although they did not decrease after treatment. High values
of these variables meant a risk of psoriasis in our study
sample. Lipocalin-2 forms part of the promoter component
in the controls, but is opposed to it in the patients,
remaining unchanged by treatment. It also shows a good
correlation with body fat content. We might speculate that
the increment in lipocalin-2 in our psoriatic patients could
be a protective mechanism against inflammation or fat
content increase, as has been suggested in other diseases
[10, 38]. Improvement of psoriasis with phototherapy did
not change either its position in the factor map or its higher
levels when compared with controls. This finding could
signify the presence of a metabolic disturbance in psoriatic
patients that is not corrected even after clinical control of
the disease with phototherapy.
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RBP-4 correlates with inflammatory markers such as
IL-6, sSTNFR, and also with basal disease activity (PASI),
although it does not show correlation with body fat
content. It does not decrease in parallel with PASI, as it
could be expected. These results reflect the complexity of
analysing the interaction of inflammatory and adiposity
markers in psoriatic patients, given that some adipokines
can exert diverse actions, being pro-inflammatory or anti-
inflammatory depending on the patient’s anthropometric
or inflammatory profile, or on lifestyle and genetic
factors.

We found higher levels of lipocalin-2, RBP-4, leptin,
sTNFR, LDL, uric acid and apo-B in our study patients
compared to the controls. Some of these parameters are
markers for atherogenesis and inflammation. The increase
in lipocalins can be interpreted as a marker for insulin
resistance and development of MS, but they can also
increase in response to an initial metabolic disturbance that
prompts protective, counteracting mechanisms. In fact, it
has been speculated that lipocalins may be activated in
initial stages of insulin resistance, in moderately obese
subjects or in patients with a genetic predisposition to
insulin resistance [12, 16]. The theory of psoriatic patho-
genic cascade being triggered by an unknown antigen fits
well with the activation of lipocalins, which have been
shown to exert dual modulatory actions both in front of
infections and lipid metabolism. Adipose tissue can be
actually considered an immunoreactive organ [23], and
some triggers including infection, stress or diet overload
could stimulate the secretion of adipokines and cytokines
contributing to an inflammatory state and a deposition of
fat.

Phototherapy with NB-UVB achieved an improvement
in PASI associated with a decrease in some indicators of
systemic inflammation. However, PASI improvement did
not correlate with variables that mark an evolution towards
MS. Control of classical cardiovascular risk factors is thus
essential in a population such as psoriasis patients, which is
prone to developing MS.
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